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MG DAU

1. bat van dé

Véi muc tieu nam duge dic trung va dir bao dude sy lan truyén ctia ma doc trén cac hé
thong mang va lay cAm hiing tit sy tuong dong véi sy lay nhiém cac loai bénh dich trong quan
thé sinh hoc, huéng nghien ctu sit dung mo hinh phuong trinh vi phan dé moé hinh héa va
phan tich sy lan truyén clia cac loai ma doc trén mang hién dang nhan dudce nhiéu sy quan tam
nghién cttu. Thic té rang cdc qud trinh truyén dan tin hiéu trén mang luon c6 sy phu thuoc
dang ké vao dac tinh ctia moi truong, két cau, tinh chat ciia vat lieu dan. Them vao do, co ché
lan truyén ctia cac phan mém doc hai 1a 1gi dung viéc truyén dan tin hiéu gitta cdc nit mang
dé nhan ban, phat tan va gay ra si lan truyén ma doc trén mang. Trong sudt lich st phat trién
cua minh, giai tich phan thit va cac hé dong luc mo ta bdéi phuong trinh vi phan phan thit da
duge chiing minh ¢6 kha ning mo hinh héa va khép dit lieu toét hon so v6i cdc mo hinh bac
nguyeén, tham khao V.D. Djordjevic va cong su (2003), M. Di Paola va cong su (2011), N.H.
Can va cong su (2020). Do d6, c¢6 kha nhiéu nghién citu gan day da ting dung cac hé dong lyc
phan tht dé thiét 1ap cdc mo hinh lan truyén méa doc va du bao sit lan truyén ma doc trén cac
hé thong mang nhu J. Huo va H. Zhao (2016), J. Singh va cong su (2018), J.R. Graef va cong
su (2020), Y. Chen va cong su (2021), X. Fu va J. Wang (2022).

Cac hé thong diéu tiét giao thong, gidm sat moi truong va sinh thai, cac hé thong thong tin
hodc mang lu6i sinh hoc, v.v. ... thuong dudge mo ta tét hon béi cac mo hinh mang phiic hop
khong dong nhat. Gan day, nhiéu nha nghién cttu da st dung mo hinh toan hoc dya trén cau
tric mang phitc hgp nhu mot cong cu hitu hieu dé nghién citu co ché phét sinh lan truyén phan
meém doc hai trén mang, dy bao dién bién va mitc do Anh hudng ciia cdc phan mém doc hai d6
doi v6i cac hé thong mang. Trong cdc mo6 hinh c¢o dién mo ta su lan truyén ma doc trén céc
hé thong mang, cac tac gid thuong bd qua yéu té vé quy mo ciia mang va gid st cdc nit trong
mang duge phan bd déu va do do, ty 1é lan truyen ma doc do tiép xtc luon giad st nhu nhau
v6i moi nut trong mang, tiic 1 vai tro clia cdc nit trong mang 1a tuong dong. Gia st nay gitp
cho viéc nghién citu tré nén don gidn va dé xtt Iy hon nhung diéu dé 1a khong hop 1y khi ma
trong thiie té, nhiéu loai mang phitc hop nhu Internet, cic mang xa hoi Facebook, Instagram,
mang cam bién va mang luéi sinh hoc, v.v., luoén c6 s6 lugng nat rat 16n va kha nang tuong
tac clia cac nit khac nhau trong mang hién nhién 1a khong giéng nhau. Vi vay, dé c6 nhiing
mo ta va danh gia thuc té hon, ching ta can xét dén tinh khong dong nhat vé tiép xic cla
cdc mang phitc hop khi thiét 1ap cac mo hinh lan truyén ma doc trén mang. Nghién citu clia
R. Pastor-Satorras va A. Vespignani (2001) dugc biét dén nhu mot cong trinh tien phong cho
nghién cttu cac mo hinh héa toan hoc cho sy lan truyén ma doc trén mang phitc hgp khong

dong nhat. Cu thé, cong trinh nay dé xuat moé hinh lan truyén ma doc SIS dua trén mang va
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trinh bay mot nghién cttu chi tiét vé dic tinh dich t& co ban va két qua gidi s6 cho mo hinh de
xuat. V6i dong hyc tit nghién citu nay, nhiéu nghién citu tiép theo vé cac mo hinh lan truyén ma
doc duya trén mang phiic hgp dude tién hanh va thu dude nhiéu két qua dang cht y nhu C.H.
Li va cong su (2014), Y. Zan va cong su (2014), S. Huang va cong su (2017), H.F. Huo va cong
su (2019), C. Li va A.M. Yousef (2019), K. Li va cong su (2019), S. Hosseini va A. Zandvakili
(2022), vv.

Mat khac, viec khong c6 day du thong tin vé cac tham sb, dit lieu dau vao do sai s6 tinh
toan, do han ché ctia cac thiét bi do hodc do viec do dac, tinh toan chinh xac phic tap va
khong can thiét 1a mot van dé thuong gap trong thuc té. Thém vao d6, do moéi trudng ciia cac
qué trinh truyén dan luén chia dyng nhitng yéu t6 bat dinh nén ching ta can tinh dén céac
dai lugng biéu thi sy khong chic chin khi thiét lap mo hinh, gidi quyét va dién giai cac van
dé trong moi truong ti nhién. T d6, huéng nghién ctiu két hgp 1y thuyét tap mo, logic mo
hay giai tich md trong nghién cttu vé mo hinh héa cac qua trinh lan truyén phan mém doc hai
trén hé thong mang xuat hién va c6 nhitng két qua dang chi ¥ nhu cac nghién citu vé mo hinh
lan truyén ma doc mo td bdi cdc phuong trinh vi phan vé6i tham s6 ma: E. Massad va cong
su (2008), P.K. Mondal va cong su (2015), S.K. Nandi va cong su (2018), S. Adak va S. Jana
(2022). Diém méi ctia cong trinh nay 1a xét téc do lan truyén ma doc, ham xit 1y ma doc chita
tham s6 md va xay dung cac khai niem vé gia tri ky vong md ctia ngan nhiém bénh, hé s6
lay nhiém thit phat mo. Tuy nhién, cdc tai lidu nay mdi diung lai & viéc gidi thieu mo hinh lan
truyen ma doc tong quéat v6i tham sé hosc diéu kien ban dau mo, cac tinh chat giai tich sau
hon va dac trung dich té clia cdc mo hinh lan truyén ma doc dé xuat chua duge xay dung va
thao luan mot cach bai ban. Dac biét, cac nghién cttu vé mo hinh lan truyén ma doc phan thi
nhan gia tri mo hién tai chua c6 nhiéu khdo sat. Mot huéng nghién citu khac vé cic mo hinh
lan truyén ma doc da két hop céc hé phuong trinh vi phan dua trén mang, hé phuong trinh vi
phan ¢6 16n va Iy thuyét tap mo - logic mo nhu Zan va cong sy (2014), Hosseini va Zandvakili
(2022). Cac nghien citu nay sit dung cac co s6 luat md dé thiét 1lap co ché tuong tac giita cac
ngan va xac dinh cic tham s6 ctia mo hinh.

Tit nhitng van dé téng quan trén, nghién citu sinh nhan thay trién vong phét trién hudng
nghién citu vé mo hinh héa sy lay lan cac phan mém doc hai trén mang cdm bién khong day
dua trén cac mo hinh hé phuong trinh vi phan véi dao ham phan thit. Them vao d6, dé mo
ta t6t hon cho sir lan truyén phan mém doc hai trong thé giéi thuc v6i nhiéu yéu t6 bat dinh,
khong chiac chan trong tham s6 va dit lieu, cAc mo hinh lan truyén ma doc véi tham sé mo hay
thiét lap dua trén logic md ciing cho thay 1a mot chi dé ¢6 ¥ nghia khoa hoc va thuc tién. Ngoai
ra, qua qué trinh nghién cttu tong quan, nghién citu sinh ciing nhan thay ring do mang cam
bién khong day c6 cau tric mang phitc hop khong dong nhat nén tiém nang clia nghién ctu sy
lay lan phan mém doc hai trén mang cam bién khong day dya trén stt dung mo hinh phuong
trinh vi phan dya trén mang (“network-based differential systems”) két hgp vdéi ly thuyét tap
md-logic md va tinh toan phan thi la thyc sy hita hen. Nhitng ¥ tudng nghién cttu nay bude
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dau da dugc thyc hién trong luan an véi ky vong déng gép mot phan vao cac nghién ctu vé
mo hinh héa va tinh chat dinh tinh clia cdc qua trinh lay lan phan mém doc hai trén mang

cam bién khong day.

2. Muc tiéu, déi twong va pham vi nghién citu

2.1. Muc tiéu nghién ciu

Luan an nghién cttu mot s6 mo hinh todn hoc mo ta sy lan truyén cac phan mém doc hai
trén mot 16p mang phitc hgp khong dong nhat (mang cam bién khong day). Cu thé, ba muc

tieu chinh ctia luan an gom:

e Thiét lap dugc mot s6 mo hinh toan hoc mo ta sy lan truyeén ma doc trén mang cadm bién

khong day.

e Xac dinh dugc chi s6 ngudng lan truyen $Ro-gia tri ngudng dic trung clia cdc mo hinh lan

truyen ma doc.

e Khao sat cac tinh chat dinh tinh nhu: sy ton tai duy nhat va tinh duong ciia nghiem doi
v6i bai toan Cauchy cho cédc mo hinh lan truyén méa doc, sy ton tai cac diém can bing,

tinh on dinh tiém céan, sy ré nhanh va bai toan diéu khién 6n dinh héa.

2.2. Déi tuong va pham vi nghién cdu

Luan an tap trung nghién cttu cic mo hinh toan hoc mo ta sy lan truyén ma doc trén mang

cam bién khong day véi ddi tugng va pham vi nghién cttu nhu sau:

e Cac mo6 hinh toan hoc ctia sit lan truyén ma doc trén mot 16p mang phiic hop khong dong
nhét biéu dién bdi cac 16p he phuong trinh vi phan phan thi véi tham sé6 mo hodc thiét
lap bdi logic ma;

e Tinh chat dinh tinh nhu tinh duong, chi s6 ngudng lan truyén, sy 6n dinh tiém can va bai

toan diéu khién cho mo hinh lan truyén ma doc dé xuat.

3. Noi dung nghién ciu

Nghién cttu ctia luan an huéng t6i 3 16p mo hinh lan truyén ma doc phan thit véi noi dung
nghién cttu tuong tng nhu sau:
Mo hinh 1: M6 hinh lan truyén ma doc SIQR phan tht mo. D6i véi mo hinh nay, luan 4n
tién hanh xay dung nén tang 1y thuyét co ban vé phép tinh phan tht theo nghia Caputo
Atangana—Baleanu cho ham nhan gia tri s6 md va nghién citu sy ton tai va biéu dién nghiem
tich phan mo ctia bai toan Cauchy cho mo hinh lan truyén ma doc SIQR phan thit mo.
Mo hinh 2: M6 hinh lan truyén ma doc SE;E;IQR phan thi dya trén mang véi ham lan
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truyen xac dinh béi logic mo. D6i v6i mo hinh lan truyén ma doc nay, luan an khao sat sy ton
tai vd duy nhat ctia nghiem khong am va khao sat tinh on dinh tiém can dia phuong-toan cuc.
M5 hinh 3: M6 hinh lan truyén ma doc SIRS phan thi dya trén mang cé diéu khién v6i ham
x1t Iy ma doc bao hoa. D6i v6i mo hinh lan truyén ma doc nay, luan an tién hanh khdo sat su
ton tai nghiem khong am va nghién cttu dang diéu tiém can dia phuong va toan cuc; Bai toan
on dinh héa cho mé hinh lan truyén méa doc dé xuat dua trén hé mo Takagi-Sugeno phan thi

lien két

4. Phuong phap nghién cttu

Trong cac két qua clia luan an, nghién ctu sinh da két hop cic cong cu clia gidi tich phan
thit, giai tich mo va 1y thuyét tap ma, 1y thuyét on dinh cho cac hé dong luc phan thi, giai tich

ma tran va cac ky thuat uéc luong, bién doi bat déng thiic ma tran.

5. Cac két qua da dat dudgc

Luan 4n thiét lap va nghién cttu tinh chat dinh tinh ctia cAc mo hinh toan hoc mo ta sy lan

truyen ctia ma doc trén mang cam bién khong day. Cac két qua dat duge ciia luan 4n gom:

(i) Thiét lap mo6 hinh lan truyén ma doc SIQR phan thi véi dit licu mo st dung cac khéi
niém dao ham Caputo-Atangana-Baneanu phan thi ms (Dinh nghia va tich phan
Riemann-Liouville Atangana-Baleanu phan thit mo (Dinh nghia , chting minh sy ton
tai duy nhéat nghiém tich phan md ctia mo hinh (Dinh 1y va Dinh 1y ) va thuc hién

mot s6 mo phong s6.

(ii) Thiét 1ap mo6 hinh lan truyén ma doc SE;E;IQR phan thi dya trén mang v6i ham lan
truyen xac dinh bdi cac luat mo va chiing minh mot s6 tinh chat dinh tinh ctia mo hinh
nay nhu tinh duong ctia nghiém, chi s6 nguéng lan truyén %R, (Cong thiic , st on dinh
tiém can clia trang théai can bang khong c6 ma doc Py (Dinh 1y va Dinh 1y [3.4) va tinh
ré nhanh tién tai Ry = 1 (Dinh ly .

(iii) Thiét lap mo hinh lan truyén ma doc SIRS phan thit dya trén mang c6 didu khién véi
ham xtt Iy mé doc bao hoa va bai toan 6n dinh héa cho mé hinh nay dya trén hé ms
Takagi-Sugeno phan thi lién két véi cac két qua dat duge gom tinh duong ctia nghiém, chi
s6 ngudng lan truyen M, (Cong thiic (4.3)), tinh én dinh tiém can (Dinh 1y 4.3[ vA Dinh
Iy [4.4), tinh r& nhanh lui tai Re = 1 (Dinh 1y [4.5) va mot 6 diéu kien dit dang bat déng
thitc ma tran cho tinh 6n dinh héa (Dinh ly clia trang thai can bang khong c6 ma
doc Py.

6. Cau tric cua luan an

Ngoai phan Md dau, Két luan va Tai lieu tham khao, bé cuc luan an gom 4 chuong:
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Chuong 1: Day la chuong kién thiic chuan bi gom gidi thieu tong quan vé cac phép toan dao
ham va tich phan phan thid, 1y thuyét dinh tinh ctia phuong trinh vi phan phan thi, 1y
thuyét tap mo va gidi tich ctia cac ham nhan gia tri mo, hé mo Takagi-Sugeno va mang

quy mo tu do.

Chuong 2: Chuong nay nghién cttu dang diéu khong chic chan ctia mo hinh lan truyén ma
doc SIQR phan thit mo mo ta sy lan truyeén ctia ma doc trén mang cam bién. Vi muc
tieu nay, luan an trinh bay cac két qua vé dao ham va tich phan phan thi theo nghia
Atangana-Baleanu va ting dung khao sat bai toan Cauchy cho phuong trinh vi phan phan
thit mo.

Chuong 3: Chuong nay trinh bay nghién citu vé mo hinh lan truyén ma doc SE;E;IQR phan
thtt dya trén mang véi ham lan truyen duya trén luat mo bao gom cac noi dung: thiét lap
mo6 hinh lan truyén ma doc véi ham lan truyén dya trén luat md, khao sat cac tinh chat

dinh tinh ctia mo hinh dé xuat va trinh bay mot s6 danh gia va tinh todn mo phong.

Chuong 4: Trong chuong nay, luan an nghién cttu mo6 hinh lan truyén ma doc SIRS phan thi
duya trén mang c6 diéu khién v6i ham xit Iy méa doc bao hoa véi cac ndi dung vé thiét lap
mo hinh lan truyén ma doc dya trén mang, khio sat tinh chat dinh tinh v bai toan diéu

khién 6n dinh héa diya trén hé mo Takagi-Sugeno phan tht lien két.



Chuong 1

KIEN THUC CHUAN BI

Chuong nay trinh bay co sé Iy thuyét va mot sé kién thiic bo trg can thiét cho céc chuong
tiép theo duge tham khao tir cac tai lieu Takagi va Sugeno (1985), Barabési va Albert (1999),
Diethhelm (2010), Bede (2013), Atangana va Baleanu (2016). Noi dung chuong nay bao gom:

1.1. Mot s6 van dé vé giai tich phan thi

Trong muc nay, nghién citu sinh nhic lai mot s6 khai niém va tinh chat co ban cta giai tich

phan thit va phuong trinh vi phan phan thi.

1.2. Tap ma va giai tich mo

Muc nay trinh bay co s6 1y thuyét vé logic md, co s luat mo va ly thuyét vé giai tich cac
ham nhan gia tri mo
1.3. Hé mo Takagi-Sugeno

Trong muc nay, luan an trinh bay téng quan vé hé mo Takagi-Sugeno va céc phuong phap

xay dung hé mo Takagi-Sugeno cho hé dong Iiic phi tuyén.

1.4. Hé md Takagi-Sugeno phan thit lién két

Muc nay gidi thieu cau tric ciia hé ms Takagi-Sugeno cho hé théng mang cd 16n véi cac mo

hinh dia phuong cho bdéi phuong trinh vi phan phan thi.

1.5. Mang quy mo tu do

Muc nay trinh bay tong quan vé mang quy mo tu do Barabasi-Albert va mang quy mo tiu

do Barabasi-Albert gi6i han nang lugng dé mo ta cau tric clia mang cam bién.



Chuong 2

MO HINH LAN TRUYEN MA DOC SIQR PHAN THU VGI DU
LIEU MO

Chuong nay tap trung mo ta dang dieéu khong chic chan ciia sy lan truyén ma doc trén
mang cam bién khong day dua trén mo hinh hé phuong trinh vi phan phan thi mo. Két qua
ctia Chuong 2 duge tham khao tit cong trinh [P1].

2.1. Thiét lap mo hinh lan truyén ma doc SIQR phan thi ma

Trong muc nay, NCS nghién citu st dung mo hinh hé phuong trinh vi phan phan tht mo
gom 4 an ham (S-I-Q-R) tuong ting v6i 4 ngan clia mo hinh lan truyén ma doc dé dac ta su
lan truyén ctia phan mém doc hai trén mang cdm bién khong day véi cac yéu t6 khong chiac
chan. Ky hieu S(t), I(t), Q(t) va R(t) lan lugt béi s6 lugng céc ntit man cam, lan truyen, cach
ly va hoi phuc theo thoi gian ¢. Khi d6, mo hinh lan truyén ma doc mo ta sy lan truyéen cla
cac phan mém doc hai duge mo ta bdi so do sau (xem Hinh .

Hinh 2.1: So dd tuong tac giita cac ngan trong mo hinh lan truyén ma doc SIQR

Dé bao vé mang cam bién trude sut tan cong ctia ma doc, ching ta can nam rd cac dic diem
ve dich té ctia sy lan truyen. Trong chuong nay, luan an tiép can nghién citu co ché lan truyéen
mé doc dya trén mo hinh toan hoc. Cu thé, luan an gid si rang moi nit cam bién & céc ngin
(S), (I), (Q) hoac (R) roi khéi mang véi ty 1é u do can ndng lugng. Dang dieu dong luc khong
chac chan ctia sy lan truyen ma doc trén mang cam bién dude mo ta bdi hé phuong trinh vi

phéan phan tha dudi day:

(@egB(t) = A— AS(HI(E) + wQ(t) + oR(t) — uS(t)

eIty = ASHI(t) — (v + v+ p)I(t) 1)
PePLQt) = AI(t) = (n+ p+w)Q(t)

| PIR(t) = vI(t) +nQ(t) — (o + p)R(1)
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véi diéu kien ban dau S(0) = Sy, 1(0) = Iy, Q(0) = Qo, R(0) = Ry.

2.2. Pao ham Caputo Atangana-Baleanu phan thit va tich phan Riemann-Liouville

Atangana-Baleanu phan thit cho ham nhan gia tri mo

Dinh nghia 2.1. Gia st rang ham f(¢) thuoc 16p C* ([0,0], &). Khi d6, dao ham Caputo
Atangana—Baleanu phan thit 8 € (0,1) ctia ham gié tri mo f(¢) duge xéc dinh béi

t _\B
bl f(t) = %ﬁ; i Egs {—5@1 fg ]f;H(T)dT

Meénh dé 2.1. Gid st ring ham f € C*([0,b], &) va cic a—cdt cia né dude biéu dién dudi
dang tham so [f(t)]* = [f (), .7 ()] vdi moit € [0,0] va o € [0,1]. Khi dé

(i) Néu f la ham gH-khd vi logi 1 thi [ab@f f(t)]a - [abCDi £ (1), D’ f;(t)] .
(ii) Néu f la ham gH-kha vi logi 2 thi [abc.@f f(t)r - [abCDi £ (t), D’ f;(t)} .

Dinh nghia 2.2. Gia st rang ham f(¢) thuoc 16p L' ([0, 0], &). Khi d6, tich phan Riemann—Liouville
Atangana—Baleanu phan thit 5 € (0, 1] ctia ham f(t) duge dinh nghia nhu sau:

gt o 128 5 3 O 55
20 = 35, f O+ 5510 (8) *(8)

Thém vao d6, véi méi o € [0, 1], a—cét ciia tich phan phan thit “’Z7 f(t) duge cho béi

e / (t— )P pydr = 2P pey 4 L2184 0).

[zir0)]" = [ gz 0, Mg @)
Nhan xét 2.1. Trong mot s6 truong hop dic biét clia bac phan thi 3, tich phan Riemann—Liouville
Atangana—Baleanu phan thit dong nhat véi cac khai niem da biét:
(i) Néu 8 = 0 thi tich phan Riemann—Liouville Atangana—Baleanu phan thit trd thanh

50 /0 5o [, ¢~ 07 @ = 1)

(ii) Néu 8 =1 thi tich phan Riemann—Liouville Atangana—Baleanu phan tht tré thanh

PILf() =

1-1

5O+ g L ¢ = [ s

Dinh 1y 2.1. Cho B € (0,1) va f : [0,T] C R — & la ham gH-khd vi, khong c6 diém chuyén
tréen [0, T]. Khi dé, tich phan Riemann— Liouvile Atangana— Baleanu phan thi va dao ham

PILI) =

Caputo Atangana— Baleanu phan thi cia ham f(t) théa man:
YT (2LW) = F(0) Son F0), e 0TI

Ménh dé 2.2. Cho f : [0,b] C R — & thuoc lop C*([0,b],&). Khi dé, bién doi Laplace mo
cho dao ham Caputo Atangana— Baleanu phan thi abc.@ff(t) cia ham f(t) cho bdi

D(B) " L{f(t)}(s) ©5°7 f(0)
1-8 S8 + %

(=D)®(B) s° 1 £(0) © 5" Z{f (1)} (s)
1-5 5% + 25

néu f gH-khd vi loai 1

Z{" L5} (5) =
néu f gH-khd vi logi 2.
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Meénh dé 2.3. Gid si ring f : [0,00) — & la ham lien tuc. Khi dé, vdi moit > 0, ta co

2{ [ e [0 smar} )= S 2 U0h o)

B S sP

2.3. Su ton tai va duy nhit nghiém md cho bai toan Cauchy dbi véi phuong trinh
vi phan phan th& duéi tinh gH-kha vi

Trong muc nay, NCS nghién cttu sy ton tai va tinh duy nhat ctia nghiém tich phan mo cho
bai toan Cauchy dudi day déi véi phuong trinh vi phan phan thit mo duéi tinh gH-kha vi va
dao ham Caputo Atangana—Baleanu phan thi:

abe /HCU = €T
{ 27x(t) =F (t,z(t)) (2.2)

z(0) = o,

trong d6 27 x(t) 1a dao ham Caputo Atangana—Baleanu phan thit ctia z(t), t € J = [0, T],

g € E" vaF :[0,T] X & — & 1a ham nhan gia tri vecto mo thoa man cac gia thiét sau :

(HF1) Ham nhan gia tri vecto ms F(-,€) : [0,7] — &™ do dugc manh véi mdi { € & va
F(t,-) : & — &™ lien tuc v6i hau khip ¢ € [0,T7;

(HF2) Ton tai ma tran M sao cho D, (F(2,€),0) < MyD,(¢,0) véi moi & € &
(HF3) Ton tai ma tran M; sao cho D, (F(t,f), F(t,g)) <MD, (&,€) véi moi &, € € &M
Xét khong gian
C([0,T),&") = {p:[0,T) = & : ¢(t) la ham lién tuc trén doan [0,7]}

cling metric c6 trong H (¢, 1) = supjg 1 {Dn(go(t), w(t))e_)‘t}, trong d6 A > 0 du I6n. Khong
gian (C ([0,T],&™),Hy) 1a mot khong gian metric day. Gid st rang cdc ham thanh phan cta
x(t) ¢ ciing kiéu gH-kha vi v khong c6 diém chuyén tren J = [0, 7). Xét dinh Iy sau:

Dinh ly 2.2. Gid si rang x € C ([0,T],&™) théa man bai todn Cauchy .

(i) Néu x(t) la ham gH-khd vi gH logi 1 thi né théa man phuong trinh tich phan sau

=z 1-5 T __B t — )T R (1, x(7))dr
z(t) = xo + @(ﬁ)F(t’ (t))+F(ﬁ)‘I>(5)/o(t )" F(r, x(7))dT. (2.3)

(ii) Néu x(t) la ham gH-kha vi gH loai 2 thi né théa man phuong trinh tich phan sau

1-8 B
o(p) I'(B)2(s)

z(t) = zo © (1) { F(t,z(t)) + /o (t— T)BilF(T, 33(7'))de| . (2.4)

Dinh nghia 2.3. Cho z:[0,7] C R — & la ham lién tuc. Khi dé ta co6

(i) Ham z(t) dugc goi la nghiem tich phan loai (i) cfia bai toan Cauchy (2.2) néu né théa
méan phuong trinh tich phan |)
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(ii) Ham x(t) dugc goi la nghiem tich phan loai (ii) ciia bai todn Cauchy (2.2) néu né thoa
méan phuong trinh tich phan 1}

Dinh 1y 2.3. Néu cic gid thiét (HF1), (HF2), (HF3) théa man va ban kinh pho ciia cic
) déu nhé hon 1 thi bai todan Cauchy (l c6 duy nhat nghiém tich

ma tmn ( (

phan logi (i) xdc dinh trén doan [0,T].
Véi moi « € C([0,T], &™), xét toan tit .F[x] cho bdi

Flal(t) = an & [ S B0 + 1

_— t — PR (r, 2(1))dT| . .
(B) ﬁ)q’(ﬂ)/o(t ;R ())d] 25)

Ky hieu C ([0, T], &™) 1a khong gian cac ham = € C([0,T], &™) sao cho ding thic (2.5) ding
v6i moi t € [0,T].

Dinh 1y 2.4. Gid sit ring tap C ([0,T],&™) # 0, cic gia thiét (HF1), (HF2), (HF3) théa

man va ban kinh pho cia ma tran @(5)) Mo, (I(B)Ml nho hon 1. Khi do, bai toan Cauchy (.)

c6 duy nhat nghiém tich phan logi (i1) xdc dinh trén [0,T).

Nhan xét 2.2. Luan an da gid st rdng ham thanh phan ctia vécto nghiem xz(t) c6 cung loai
gH-kha vi va khong c6 diém chuyén trén J = [0, T]. Tong quat, néu cac ham thanh phan cia
x(t) = <m1(t) o xn(t)>T 6 loai gH-kha vi khac nhau trén J thi sy ton tai va tinh duy nhét
nghiém trinh bay trong Dinh 1y |2.3| va Dinh 1y [2.4] vAn duge dam bao.

2.4. M6 phéng va thao luan

(a) NCS mo phéng dang di¢u khong chic chén ctia nghiém ciia mo6 hinh lan truyén ma doc
SIQR phan thit m& (2.1)) véi cac tham s6

A=02 =02 A=0.3 v=0.15
w = 0.008 o =0.01 v =102 n = 0.008

va dieu kieén ban dau khong chic chin Sy = (0.63,0.64,0.65), Iy = (0.23,0.24,0.25), Qo =
(0.09,0.095,0.1) va Ry = (0,0,0). Hinh biéu dién dang dieu theo thoi gian ctia nghiem s
ctia md hinh lan truyén ma doc SIQR phan thit mo véi mot s6 gia tri khac nhau clia bac phan
thit 3. D6i v6i cac tham sb trén, chiing ta c6 thé tinh toan dudc chi s6 ngudng lan truyén JRy
xap xi Ry = 0.545 < 1, tigc la theo 1y thuyét dich té hoc, ching ta c6 trang thai can bang
khong c¢6 ma doc la on dinh tiem can. Trén thuc té, tit Hinh , chiing ta c6 thé thiy ring
thanh phan lan truyén I(¢) clia nghiém c6 xu huéng tiém can vé 0 theo thoi gian, nghia la cac

mé doc c6 thé dudc loai bo khoi mang.
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: The fractional SIQR model with 4= 0.5 : The fractional SIQR model with 4= 0.7
B B
Sos %06
2 2
£ os E o4
2 2
B B
Zoa|_ B2\

o o

T T e S Y o s 1 5 w2 w % w0 6 ®

Time Time

: The fractional SIQR model with = 0.95
Lo
2
S os
3 The susceptible node S(t)
Eos The infectious node I(t)
2oz —— The quarantine node Q(t)

—— The recovered node R(t)

Hinh 2.2: Dang diéu ctia nghiém s6 cho m6 hinh lan truyén méa déc SIQR phan tht md trong Trudng hop tham

s6 (a)

(b) NCS mo phong dang dieu khong chic chin ctia nghiem ctia mo hinh lan truyén ma doc
SIQR phan thit mo (2.1)) véi cac tham sb

A=02 pn=0.2 A=09 v =0.15
w = 0.008 o =0.01 v=0.2 n = 0.008

véi diéu kien ban dau mds Sy = (0.63,0.64,0.65), Iy = (0.23,0.24,0.25), Qo = (0.09,0.095,0.1)
va Ry = (0,0,0). Hinh [2.3| bi¢u dién dang diéu theo thdi gian ctia nghiém s6 cia mo hinh lan
truyen ma doc SIQR phan thid md véi mot s6 gia tri khac nhau ctia bac phan thi 3. Déi
v6i cac tham s6 trén, chiing ta c6 thé tinh toan dudc chi sé ngudng lan truyeén 9y xap xi
Ry = 1.636 > 1. Dicu nay c6 nghia la trang thai can biang khong ¢6 ma doc khong 6n dinh va
do d6, su lan truyén clia ma doc sé tiép dién tréen mang. That vay, theo Hinh [2.3] ching ta c6
thé thay ring dang diéu ctia ham trang théi lan truyén I(¢) tiem can mot gia tri duong (thanh
phan I* clia diém can bing dac hiu) khi thoi gian di 16n.

The fractional SIQR model with 3= 0.5 The fractional SIQR model with 3= 0.7

2 08 2 05
3 3
g 05 gos
S oa Coa
5 5
Zo3 <03
Z Z
5oz S — _ 5oz _
Eos Eog
o 0

25 30 3 40 45 50 o 5 10 15 20 25 3 35 40 45 50
Time Time

The fractional SIQR model with §=0.95

06
3

2 os

Zos :

::‘3 The susceptible node S(t)
£ 03

7L The infectious node I(t)
Sz

rf —— The quarantine node Q(t)

The recovered node R(t)

Hinh 2.3: Dang diéu ctia nghiém s6 cho m6 hinh lan truyén ma doc SIQR phan tht mo trong Trudng hop tham
s6 (b)



Chuong 3

MO HINH LAN TRUYEN MA DOC SE,E,JQR PHAN THU DUA
TREN MANG VOI HAM LAN TRUYEN XAC DINH BOI LOGIC
MO

V6i muc tieu thé hien dong thoi su khong dong nhat trong tiép xtc véi phan mém doc
hai clia cdc ntt mang trong mang cam bién khong day va cac yéu t6 khong chic chan anh
hudng tric tiép t6i sut lan truyén, chuong nay tap trung nghién cttu moé hinh lan truyén ma
doc SE;E5IQR phan thi dya trén mang v6i ham lan truyen duge xac dinh béi logic ma, trong
d6 mo hinh lan truyén ma doc dé xuét gidi thieu mot ngén cach ly (Q) va nhém nit mang ma
doc gom hai ngan: E; (Mang ma doc loai 1) va E; (Mang méa doc loai 2). Chuong nay dugc
viét dya trén cong bo [P2].

3.1. Thiét lap md hinh

Trong muc nay, luan an xét mang cam bién khong day véi cau trtc nhu mot mang quy mo
tu do Barabéasi-Albert gi6i han nang lugng va tién hanh mo ta co ché lan truyén clia ma doc
tréen mang dua trén mo hinh hoa toan hoc. Luan 4n tién hanh chia tong s6 nit mang thanh n
nhém dya trén s6 lien két ma mot nut trong nhém ¢6 trén mot don vi thai gian. Ky hieu Sk(t),
E1x(t), Eag(t), Ir(t), Qr(t) va Re(t) lan luot 1a mat do cta cac nit man cdm, mang ma doc
loai 1, mang ma doc loai 2, lan truyen, cach ly va hoi phuc bac k véi méi k = 1,2,...,n. Qua

trinh lan truyén phan mém doc hai trén mang cé thé duge mo ta trong so do sau:

Hinh 3.1: So do lan truyén phan mém doc hai gitta sau ngan: Man cam (S), Mang ma doc loai 1 (E;), Mang
ma doc loai 2 (Ez), Lan truyéen (I), Cach ly (Q), Hoi phuc (R)
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Thuyc té 1a téc do truyén tai thong tin trén mang chiu anh hudng tryc tiép clia cic yéu
to6 bat dinh nhu dia ly, khi hau. Do d6, luan an dé xuat st dung bién ngon ngit ¢ (¢ €
{cao, trung binh, thap}) dé biéu thi nhitng yéu t6 khong chic chin xay ra trong mo hinh hoa
mo hinh dich. Cu thé, luan an gan ba bién ngon ngit “Thap”, “Trung binh”, “Cao” véi cac gié tri
md tng véi cac luat mo va st dung hé suy luan md dé dua cac luat nay vao mo hinh lan truyén
ma doc dé xuat dudi dang hang s6 lan truyén M,. That vay, xét ba s6 mao A; = (0,0,0.3,0.4),
Ay = (0.3,0.5,0.7) va A3 = (0.6,0.7,1, 1) dai dién cho cac thuat ngt “thap”, “trung binh”, “cao”
va stt dung hai s6 m& tam giac B; = (0,0.3,0.6) va By = (0.4,0.7,1.0) dé xac dinh trang thai
dau ra khi két hop cac luat sé thuoc ngan Mang ma doc loai 1 hay Mang ma doc loai 2.

Dat 2 biéu thi cho mat do clia ntt lan truyen, y biéu thi cho téc do thay doéi trang thai ciia
nit va z biéu thi cho trang thai dau ra ciia méi quy tic. Bay gio, NCS dé xuat mot hé mo
MISO véi 9 luat nhu sau:

Luat 1: Néu z “THAP” va y “THAP” thi z thuoc trang thai Ey.

Luat 2: Néu z “THAP” va y “TRUNG BINH” thi 2 thuoc trang thai Ey.

Luat 3: Néu z “TRUNG BINH” va y “THAP” thi 2 thuoc trang thai Ey.

Luat 4: Néu z “TRUNG BINH” va y “TRUNG BINH” thi z thuoc trang théai Eo.
Luat 5: Néu z “THAP” va y “CAO” thi z thugc trang thai E.

Luat 6: Néu z “TRUNG BINH” va y “CAO” thi 2 thuoc trang thai E.

Luat 7: Néu z “CAO” va y “THAP” thi z thuoc trang thai Eo.

Luat 8: Néu z “CAO” va y “TRUNG BINH” thi z thuoc trang thai Es.

Luat 9: Néu z “CAO” v y “CAO” thi z thuoc trang thai Es.

Duia vao luge do trong Hinh NCS thiét 1ap mo hinh toan hoc mo t4 sy lan truyén phan
mém doc hai gitta sau ngan (S), (E1), (E2), (I), (Q) va (R) trong mang cam bién khong day.
Thém vao do6, véi muc tieu thé hien tinh khong dia phuong va tinh nhé clia qué trinh khuéch
tan dit lieu, NCS stt dung dao ham phan thtt Caputo dé thiét lap mot mo hinh phuong trinh
vi phan ¢d 16n, goi 13 mo hinh lan truyén ma doc SE;E,IQR phan thit dya trén mang, cho quéi
trinh lan truyén phan mém doc hai. Cu thé, véi méi k = 1, n, NCS xét he phuong trinh sau:
§D7Sk(t) = Alk) — (01(k) + 02(k)) Su(t)O(t) — pSi(t) + ORw(t)

§DIELL(t) = 01(k)Sk()O(t) — (n+ w1 + p) E1i(h)
§D!Ean(t) = 0a(k)Sk(t)O(t) — (1 + wa + wa) B2,k () + nEwk(t)

§O/Iu(t)  =wsBak(t) — (u+c+r1)Ik(t)

§O7Qr(t) = wiBy k(t) +w2Ba k(t) + cli(t) — (r2 + 1) Qx(t)

§O/Re(t) = rili(t) + raQx(t) — (n+ 0)Ri(t),
v6i dieu kién ban dau

Si(0) = SR, E1x(0) = EV ., E2x(0) = E9 4, I1(0) = I}, Qx(0) = QR, Rx(0) = Ry, (3.2)
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trong d6 o1 (k), o2(k) lan lugt 1a ty lé lan truyén phu thuoc bac ctia nit cho béi oy (k) = o1k,
oa(k) = o9k. Ngoai ra, NCS gia stt rdng s6 nit bac k ban dau théa man

A(k) A(k) Ak)

Ni(t) = TEB(—Mtﬁ) + e [1 - EB,l(—Mtﬁ)} =T bi.

Ham O(t) dai dien cho x4c suat ma mot lien két cho trude két ndi véi mot nit lan truyen cho
béi O(t) = %} Yoy %)P(i)li(t), trong d6 P(i) 1a x4c suat dé mot nit duge chon ngiu nhién
c6 bac i, (k) = 37" iP(i) biéu thi cho bac két ndi trung binh ctia mang, M, € [0,1] 1 tham
s6 dau ra ctia he MISO dugc suy ra tit cdc luat md cho bién ngon ngit ¢, ham v(i) = i dai dien
cho s6 lugng lién két trung binh ma mot nit lan truyén bac ¢ sé lan truyén phan mém doc hai

dén céc nut khac.
3.2. Tinh chit dinh tinh ctia mé hinh
3.2.1. Su ton tai tap bat bién duong

. B T T
Ky hieu x"(t) = (El,k(t) Eyr(t) In(t) Sk(t) Qw(t) Rk(t)) ,x(t) = (xl(t) x"(t))

fr(x"(#)) o1(k)Sk(t)O(t) — (n + w1 + ) E1k(t)

fa(x*(#)) 02(k)Sk(t)O(t) — (1 + w2 + ws) Ea k() + nE1k(t)
() = fa(x* (1)) _ w3k (t) — (1 + ¢+ 11)1k(1) ’

fa(x*(2)) A(k) = (o1(k) + 02(k)) Sk(t)O(t) — pSk(t) + O Rk (t)

fs(x* (1)) w1 B k() + wa Bk (t) + cli(t) — (r2 + 1) Qr(t)

fo(x"(t)) rlk(t) +r2Qr(t) — (1 + 0) Ri(t)

Muc nay bat dau véi két qua vé sut ton tai duy nhat nghiem khong am va tap bat bién duong
cho mo hinh lan truyén méa doc SE;E;IQR. Trude tien, NCS xét bang ky hiéu sau:

Bang 3.1: Bang ky hiéu viét tit

Ky hisu Gia tri Ky hisu Gia tri
br %k) a wi+p+n

(6% w2 +tws+u 3 ro+ U

Q4 p+0 as e+ p

g,k noi(k) + aoa(k) ark aza501 (k)wr + asag pwa + cazae kw3

Dinh 1y 3.1. Gid si rang

vdi moi k = 1,n. Khi dé, mo hinh lan truyén ma doc SEy E;IQR phan thi dua trén mang vdi diéu
kién ban dau x(0) théa man luon cé nghiem khong am duy nhat x(t) va ham ©(t) duong vdi
moi t > 0. Hon nita, tap X+ = {x(t) ERY : Sy +E1p+ Eop+ I+ Qp+ R, = by, k= L_n}

la mot tap bat bién duong ciia mo hinh lan truyén ma doc dé zuat.
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3.2.2. Chi s6 nguwdng lan truyén R, va cdc trang thdi can bang

Céc trang thai can biang duge xac dinh bdi hé phuong trinh f(x*(t)) = 0. D& thay ring &
trang thai can bang khong c6 ma doc, do gid st khong c6 ma doc lan truyen trén mang nén
Eiy = Fyp = I = 0 v6i moi k = 1,n. Do d6, mo hinh lan truyén ma doc dé xuat c6 trang thai
can bang khong c6 ma doc duy nhat Py cho béi Py = (0,0,0,5y,0,0,...,0,0,0,b,,0,0). Tiép

. J

6n
theo, stt dung phuong phap ma tran thé hé tiép theo, luan an xac dinh duge chi s6 ngudng lan
truyen Ry. That vay, sy lan truyén trong mo hinh lan truyén ma doc dé xuat c6 cac dic trung

sau:

e Chi c6 ba ngan gay lan truyén ma doc trong mo hinh lan truyén méa doc dé xuat, do 1a

ngan mang ma doc loai 1 (E;), mang ma doc loai 2 (Ez) va lan truyen (I).

e Sy chuyén dich cac nit tit cac ngin mang ma doc sang ngan lan truyén hoic giita hai ngan

~ ~ 2 1N . 2 2 2 / X ~ 2 o
mang ma doc chi la sy di chuyén ctia cac nat nhiém bénh qua cac ngan.

Khi d6, ching ta tim dugce chi s6 ngudng lan truyén R, nhu sau:

R, — M, i w3 (k)P(k)(noy (k) + aqoa(k)) _ w3 M, (agr) (3.4)

(k) P Qa0 ajasas(k)’

n

trong d6 (agr) = Y v(k)P(k)(noi (k) + a10a(k)).
k=1
Tiép theo, ching ta ky hieu Ay = M (k)P (k) azauoe pws, Ay = ayanazagas va

Ar k= ws (asaaas kx + T1asas k) + (@zaaasae k + aar k + asasaaasor (k) + rear k) = wsas g + g k-

Dinh 1y 3.2. Néu Ry > 1 thi mo hinh lan truyén ma doc dé zuat cé trang thdi can bing dic

hitu duy nhit P, = (B, B3y, 15, S5, Q0 Ry, oo By B, 12,52, Qi RY), cho bdi

1,n nrino

0505107 06206501(/<3) Qs a7k
* * * _ * * _ * * ) *
Sk - —@* [kn ELk - —[Iw 2,k — _Ika Qk - Ikv (3-5)
W30 k W3Ok w3 W33
n .

Rt 10306403 + raar o — M, V(l)]P’(i)I* I brasoyag wsO*

k= k> = 7N i Tk = =

Q3004006 kW3 (k) = b; (wsas k + agr) OF + Ag

3.2.3. Ddng diéu tiém can cia diém can bang khong c¢6 ma doc P,

Trong phan nay, NCS thao luan vé dang diéu tiém can ctia mo6 hinh lan truyén ma doc dé
xuat. Dau tien 1a mdi quan hé gitta Ry va st on dinh tiém can dia phuong ctia trang thai can
bing POZ

Dinh 1y 3.3. Cdc ménh dé sau ding:

(i) Néu Ro > 1 thi trang thdi can bing khong cé ma doc Py khong on dinh.
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2

) 1% .
(ii) Néeu Ry < 1 va ajag + aqas + agas > 2 thi trang thdi can bang khong cé ma doc

n
7 (n)
Py on dinh tiém can dia phuong.

aqu<n2>

(n)

khong c6 ma doc phu thudc vao gid tri ciia cdc tham sé va bac phan thit f5.

(iii) Néu Ry < 1 va ayas + g + gy < thi su on dinh cia trang thdi can bing

Tiép theo, NCS thao luan vé mot van dé quan trong trong ly thuyét dich té hoc lién quan

dang diéu tiém can toan cuc ciia trang thai can bang khong c6 ma doc Py:

Dinh 1y 3.4. Néu gid tri nguing

R — wsM, (o1 + 02)(n?)

0= <1
asas(n)
thi trang thdi can bang khong cé ma doc Py ciia mo hinh lan truyén ma doc SE1E,IQR phan

th dua trén mang on dinh tiém can toan cuc trén YT .

Nhan xét 3.1. Vi a; =+ g+ w; > n nen 2@®rok) o wsha®ran®) (g 15 R, > R,.

Q205 1205

Mait khac, theo Dinh ly do trang théi can bang P, on dinh tiém can toan cuc chi khi

R, > 1 nen didu kien R, < 1 1a khong da dé loai bo dich benh trén mang.

3.2.4. Phan tich tinh ré nhanh
Trong muc nay, luan &n sé thao luan vé hién tugng ré nhanh xay ra khi Ry = 1.

Dinh 1y 3.5. Mo hinh lan truyén ma doc SE\E>IQR phan thit dva trén mang luon ré nhdnh

thuan tai Mo = 1 vdi moi gid tri clia tham so.



Chuong 4

BAI TOAN ON DINH HOA CHO MO HIiNH LAN TRUYEN MA
POC SIRS PHAN THU DUA TREN MANG CO DIEU KHIEN

Trong chuong nay, NCS thiét 1ap mo hinh lan truyén ma doc SIRS phan thit dira trén mang
c6 diéu khién v6i ham xt Iy méa doc bao hoa nham mo ta dong luc tan cong ciia cdc phan mém
doc hai trén mang cam bién khong day trong truong hop sé ntt bi nhidm vudt qua kha nang

x1t 1§ phan mém doc hai ctia mang. Két qua ciia chuong nay dya trén cong trinh [P3] va [P4].

4.1. Thiét lap mod hinh

Trong chuong nay, NCS dé xuat stt dung mo hinh lan truyén ma doc SIRS phan thit dya trén
mang dé nghién ctu 4nh hudéng clia si lay lan phan mém doc hai trén mang phiic hgp khong
dong nhat. Ky hieu Sy, (t), Ix(t) va Ri(t) lan lugt 1a mat do clia cdc nit mén cam, lan truyén
va phuc hdi bac k tai thoi diém ¢. Ngoai ra, NCS gia sit rang Ny (t) = Sp(t) + I (t) + Re(t) 1a
mat do cac nat ¢6 bac k tai thoi diém ¢. Su chuyén trang thai giita ba ngin dua trén cac quy

tac sau:

e MBJbi nit tré thanh nit chét véi ty 1é p khi can nang lugng va nit méi duge bd sung vao
mang véi ty 16 A. Ty lé A va ty lé roi mang p duge gia st 1 bang nhau dé dam bao su

can bang va lien tuc clia mang.

e Mot nit man cam bac k tiép xtc véi ma doc sé chuyen sang trang thai lan truyén theo ty
16 0,O(t), v6i oy, 1a téc do truyen khi cic ntit nhay cam tiép xic v6i ma doc. Ngoai ra, mot
ntit man cdm c6 thé duge chuyéen sang trang thai (R) véi ty 1é cach ly bién thien uy(t).

rly,

1++0’
va v dudc st dung dé do mic do anh hudng ctia cac nit lan truyén bi trl hoan xtt 1.

e Luan 4n xét ham xt Iy ma doc phi tuyén dudi dang ¢(Iy) = v6i r 1a toe do xi 1y

e Cac nut ¢ trang thai (R) ding xuat mang véi ty 1é p do can niang lugng va cac nat hoi

phuc c6 thé mat kha nang tu bao vé truée ma doc va trd lai nit nhay cadm véi ty 1é w.

Dua trén nhitng uu diém ctia dao ham bac khong nguyéen trong moé hinh héa céc qué trinh
khong dia phuong va nhim thé hién anh huéng ctia tinh nhé trong cac qua trinh lay lan ma

doc trén mang, luan an nghién cttu sit lan truyén ma doc trén mang cam bién khong day véi



18

dao ham bac phan. Cu thé, NCS xét hé phuong trinh vi phan phan thit cho nhém thi k sau:

(

FOISK(E) = A= ox®(1)Sk(t) — (1 + ur(t)) Si(t) + wRi(1)
FRIL() = OIS ~ uht) - s @)
SOUR) = St + T — e+ )LD,
v6i dieu kién ban dau
Sp(0) = Sp >0, I,(0) = I} >0, R(0) = R) > 0. (4.2)

Ham O(t) = ﬁ Soe_y e(k)P(k) I (t) 1a xac suat dé mot lien két cho trude duge két néi véi mot
nit lan truyén, trong dé P(k) 1a x4c suat dé mot nit duge chon ngau nhién c6 bac k, p(k) = k

12 khé nang lan truyeén cta nat bac k va (k) = >}, kP(k) la bac két ndi trung binh clia mang.

4.2. Tinh chit dinh tinh ctia md hinh

4.2.1. Su ton tai tap bat bién duong
Dé thuan tien trong trinh bay, NCS ky hieu
N T B R R R T
%0 = (S0) ) Ru) o %0 = (%) %) - %))

St ={x(t) e RY" : Sp(t) + In(t) + Re(t) =1, k=1,n, t > 0}
A — O'k@<t)5k<t) - (,u + uk(t)) Sk(t) + ka(t)

ri(t
Fp(t,%(t),u(t)) = UkG)(t)Sk(t)_M]k(t)_#(@)@)
weS0) + () Ri)

1+~0(?)

Di¢u khién dau vao uy(t) duge xem nhu ty 1é cac ntit man cam duge bao vé bdi tusng lita
trén mot don vi thoi gian. Ky hiéu

Ui = {u(-) € (L'0, 7)™ : 0 < up(t) <b, k= 1,n} (0<b<1),

la tap diéu khién chap nhan duge bao gom cac ham do duge Lebesgue trén doan [0, 7.
Dinh 1y 4.1. Vi méi diéu khién dau vio u € %,q, bai toan Cauchy cho mo hinh lan truyén
ma doc SIRS phan thit dua trén mang c6 dieu khién cé duy nhat mot nghiém khong am X(t).

Thém vao dé, néu x(0) € XT thi vdi moi t > 0, nghiém x(t) thuoc vao tap L.

4.2.2. Chi s6 nguéng lan truyéen R, va cdc trang thdi can bang

Dé tim cac trang thai can bang, NCS giai he phuong trinh dai s6 F(t,%(¢),u(t)) = 0. Néu

mang khong c6 phan mém doc hai thi mo hinh lan truyén ma doc dé xuat nhan trang thai can
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bang khong c6 ma doc duy nhat Py = (S, 19, R ... 89 19 RY) cho béi

n —mn?
Py = ptw 707 b PR ptw >O7 tn )
b+ w+u n+w+u u+w+u, b+ w+u,

3n
trong khi néu ton tai cac phan mém doc hai dang lan truyén trén mang thi mo hinh lan truyén
ma doc dé xudt ¢6 it nhat mot trang théi can bang dac hiu P, = (S5, I}, R}, ..., S5 ¥, RY)

v6i mot s6 dieu kien nhat dinh lien quan dén chi s6 ngudng lan truyen Ro.

Theo phuong phap ma tran thé heé tiép theo, chi s6 ngudng lan truyén R, cho bdi

Rp =

olutw) o KB outw)(u)
G ) 2o - ’ (43)

p+w+uy) (1 +7) (k)
2
trong do (k*u) = > ,_, Mif+klik)

Dinh 1y 4.2. Néu Ry > 1 thi mo hinh lan truyén ma doc SIRS phan thit dua trén mang luon
c6 it nhat mot trang thdi can bang ddac hiu P, = (S}, I}, Ry, ..., S*, I, R*) xdc dinh bdi

n!-—n?
" 1 r " " 1 T uy r "
S* — I, R'= I
T 0,07 (H+1+’y®*) ko P tw {1+’y@*+ak@* ('u+1+'y@*>] ko
0.O*

* oL O u ’
{b+ ttes + 000" + 22 [ o + 28 (4 257 )|}

I =

4.2.3. Ddng diéu tiém can cia diém can bang khong c6 ma doc Py

Dinh 1y 4.3. Cdc ménh dé sau day ding:

(i) Néu Ro > 1 thi trang thdi can bing khong cé ma doc Py khong on dinh.

(ii) Néu Ro < 1 thi trang thdi can bing khong cé6 ma doc Py on dinh tiem can dia phuong.
Dinh 1y 4.4. Dat Ry = ZEXIE0 - popi 46, néu gid tri nguong Ro < 1 thi trang thdi can bing

wik)
khong c6 ma doc Py on dinh tiém can toan cuc.

Nhan xét 4.1. D& thiy ring R < Ro, tic 1a Ry < 1 khong dit dé ddm bao cho tinh hit toan
cuc clia trang thai can bang Py va trong trudng hop nay, ching ta khong thé loai bo cac cudc

tn cong clia phan mém doc hai trit khi gid tri clia R, gidm sao cho Ry < Ry < 1.

4.2.4. Tinh ré nhanh nguoc

Sau day, luan an sé thiét lap diéu kién da dé hien tuong ré nhanh nguge tai By = 1 xay ra.
Dinh 1y 4.5. Mo hinh lan truyén ma doc SIRS phan thit dua trén mang cé dieu khién dién ra
hién tuong ré nhanh nguoc tai Ry = 1 néu

() Eak) (| v
- ()

trong dé (k3a) = % Z Ll

+w+uk
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4.3. Bai toan on dinh héa cach ly cho mé hinh lan truyén ma déc SIRS phan tha

dua trén mang c6 diéu khién

Luan &n xét kich ban khi R > 1, tiic la trang thai can bang Py khong 6n dinh va xay dung
ham diéu khién cach ly u(t) dé on dinh héa trang thai can bang nay, tic 1a chuyén trang thai

clia mo hinh lan truyén ma doc dé xuét vé trang thai Py = (1,0,0,1,0,0,...,1,0,0). Ky hieu

N

3n
é(t)=x(t) —Py=(S1 —1,I1,Ry,S2 — 1,15, Ry, ..., Sy — 1,1, R,) .

3n

Khi dé, bai toan on dinh héa dang xét tuong duong véi bai toan on dinh héa vécto e(t) ve
vécto 0. Tiép theo, luan 4n sé sit dung hé mo Takagi-Sugeno phan thit lien két dé xay dung
ham diéu khién u(¢). Do A = p, tic 14 N;(t) khong doi nén bang phép thé S; = 1 — I, — R;, ta
chi can xét dong lyc theo I; va R;. Mit khac, do S;(t) > 0 va bi chan bdi 1 va nhém thit ¢ nhan
duge ty 1é tham gia clia ntit mai 1a A nén c6 thé gia dinh rang S;(¢) € [0.1,0.9] v6i moi t > 0
va kéo theo I;(t) + R;(t) € [0.1,0.9]. Khi d6, he phi tuyén dang xét c6 thé viét lai nhu sau:

r 0 iP(i)(S;(t)—1) i (Si(t)=1) ;o ;
—p— s + 0 0 n iP@G) O
()C’Dfel(t) _ ( 1+~0(t) (k) el(t) + uz(t) + Z (k) ej(t).
) Si(t

e —(ptw

(4.4)

-
Ky hi¢u z;(t) = (zﬂ (t) zi(t) --- ziq(t)) 14 vecto bién tien dé. Luan an thiét lap mot he
mo Takagi-Sugeno phan thit lién két cho hé phi tuyén 1} véi cac luat md nhu sau:
Luat Ef : Néu z; thuoc F] va 2 thude Fjj va - -+ va z, thuoc F thi

0D/ ei(t) = APei(t) + BPuy(t) + Y alie;(t),

j=1
G

trong d6 A}, B} va af; la cdc ma tran thyc v6i moi < = 1,n va p = 1,7;. He phi tuyén 1) co
thé duge dic trung béi phuong trinh vi phan phan thit sau day:

EDfei(t) = 3 ul (m(0) § Alei(t) + Brw() + Yo} (i=Tm),  (45)

(

St (22 (6) 4 Aler () + Brua(r) + 3 ey (1)
CDe(t) = k 5 . e

"

> (2, (0) § Azea(t) + Brua(t) + > ol ey (1)

\ J#i
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Luat md tht p ctia diéu khién md trong hé con E; ¢6 thé xét dudi dang sau:

Luat EY : Néu z;; thuoc F}] va z;» thuoc F va -+ va z, thuoc F thi ug(t) = KPx(t).
Diéu khién phan hoi trang thai w;(¢) cho he con E; 1a u;(t) = Z w? (z;(t)) KPx;(t) (i =1,n).
p=1

-
Ky hiéu u(t) = (ul(t) . un(t)> la diéu khién phan hoi trang thai cho mo hinh lan truyén
ma doc dé xuit. Sau day, luan an thiét lap diéu kién dé u(¢) on dinh hoa trang thai can bing

khong dich:

Dinh 1y 4.6. Gid si rang ton tai cic ma tran P; € 8, Q; = 0, UY™, U™ € 8" va cic ma

tran K? théa man cdc bat dang thic ma tran tuyén tinh sau:

Q= U (LML1)
(o/fj)T P; + P;af; + (ag’;)T P; 4+ P;aft < 207" (LML.2)
Uy Up - U
U1|—2 U2 e U2n
U= =<0, (LML3)

trong dé vdi méii,j = 1,n, cic ma tran U; va Uy, (i # j) dugc cho bdi

11 12 1r; 11 12 1r;
12T 22 2r; 21 22 27
(Ui) U3 e UG Ui U - Uy
Ui = ; Uij =
1ri\T 2ri\T T il ;2 T
(Ui ) (Ui ) e Ui Uij Uij T Uij

Khi dé, hé mo Takagi-Sugeno phan thi lién két (@ on dinh héa duge vdi diéu khién phdn

hoi trang thai mo u(t), trong do
Q" = (G P+ PG wa GI™ =AY+ BIK".
Nhan xét 4.2. Dé 4p dung chuong trinh MatLab dé giai he diéu kien trong Dinh Iy [1.6] NCS

sé ap dung dinh 1y phan bt Schur dé bién ddi cac bat dang thitc ma tran tuyén tinh (LMI.1),
(LML.2) va (LML3) thanh cac bat déng thiic ma tran tuyén tinh ¢ dang thuan tién cho giai sd

hon. V6i muc tieu nay, NCS thuec hién cac phép bién doi sau:

C; =P;! K? = WPC, U = C, U, UP = GUP"C; + C; UG,

1 Y

va Q" = C (G P+ PG | Gy = G (AN + AVC:+ BIWP + (W) T (BT Biing cach



22

nhan bén trai va bén phéi ctia cac ma tran U;, U;; véi diag [C;, ..., C;], ching ta thu dugc
N———
n

= ~ ~ 1y -~ - ~1r;
U U2 R U U}jl Ulle T U
= ~ =, - - = o
} U’ U2 e U? ) Ufjl U?f e UL

U, = 7 U =
rrlri\T 727\ T (17T r77ril r77 2 ]
(Ui ) (Ui ) T Ui Uij Uij e Uij !

Do d6, chiing ta c6 thé viét lai he bat dédng thiic ma tran ctia Dinh 1y 4.6/ nhu sau:

Q= U (LML4)

(o) Ci+ Cialy + (o) C; + Cyam < 207" (LML5)
Ul ﬂlZ ﬂln

|0, Uy o U,

U= < 0. (LML6)
Ul, U3, - U,

Vi du 4.1. Xét mang cadm bién khong day véi cau tric mang quy mo tit do Barabasi-Albert
v6i n = 2 va cac tham s6 cho bdi A = u = 0.14,w = 0.1,0 = 0.8, = 0.6,y = 2. Tu d6,
ta tinh duge (k) = Y0 kP(k) = 2, (k?) = ZZ L KPP(k) = § va Ry = 1.8018 > 1. Bing
cach chon céc s6 hang z; = Si(t) va zjp = 5 +v@(t) trong hée lam bién tién de, luan an
thiét 1ap hé mo Takagi-Sugeno phan tht lien két tuong ting v6i mo hinh lan truyén ma doc

dé xuat véi cac ham trong tuong tng 1a nj (1) = 52, n4 (z1) = 222 cho bién z; va
T
n% (zi2) = Mﬂm (2i2) = ng_,g cho bién z;. Ky hiéu z;(t) = (z“(t) Ziz(t)) va cac tap

md tuong ting véi cac ham trong béi Fjy véi mdi i = 1,2, k = 0,1 va x = 1,2. Ta nhan duge
hé mo Takagi-Sugeno sau:

Luat E! : Néu z;; thuoc Fjy va 2z thuoc F thi g@fei(t) = A%ez( )+ Bluz )+ Z alje]

J#l

Luat E? : Néu z;; thuoc Fjh va 2z thuoc FA thi g@fei(t) = AZe;(t) + Biu,(t) + Z a”ej

J#l

Luat E? : Néu z;; thudc F} va 2z thuoc F2 thi g@fei(t) = Af’ez( + B3uz Z a;e;(t

J#l

Luat E? : Néu z;1 thuoc Fill va, z;2 thudc Fzzl thi 3’@%1- t) = A?eZ + B4uz —|— al e;
3 t €5 (
J#l

trong d6 v6i moi 4,7 = 1,2 va p = 1,4, cdc ma tran AY, BY va a . cho béi
. [-0916 0 , [-1316 0 . [-0400 0 . [-0804 0
A1: 7A1: 7A1: 3A1: )
02  —0.24 06  —0.24 02  —0.24 0.6  —0.24
. 0628 0 ) ~1.028 0 s 0372 0 . 0772 0
A2: 7A2: 7A2: 7A2: )
02  —0.24 0.6  —0.24 02  —0.24 0.6  —0.24



Khi d6, he mo Takagi-Sugeno phan thit lien két (4.5) duge viét lai nhu sau:

4 2

§D/ei(t) =D wl (zi(t)  Alei(t) + Blui(t) + Y alie;(t) ¢,
p=1 i=1
i

-1
trong d6 i = 1,2 v wf (z:(1)) = ¢ (z:() [y o (0] @ (za(t)) = nin?,. Sit dung

Matlab cho (LMI.4)), (LMI.5) va (LML6)), ta thu dugc
21.8174  1.3860 18.5841  1.0680 0.0459  —0.0007 0.0538  —0.0006
C, = ,Co = ,P1 = ,Pa = )
1.3860  92.7029 1.0680  91.7758 —0.0007  0.0108 —0.0006  0.0109

Ki = (0‘1067 0.2151) , Ki= (0.2983 0.0581) , Ki= (0.3112 —0.0300) , Ki= (0.3358 —0.0330)

K21=(0.0605 0.2203), K§=(0.2944 0.0617)7 K§=(0.3172 —0.0280), K§=(0.3598 —0.0315).

Do d6, trang théai can bang khong c¢6 ma doc Py ciia mo6 hinh lan truyén ma doc SIRS phan

thit dua trén mang on dinh héa duge.

1File chita code MATLAB c6 thé tai xubng tai dudng link URL: https://github.com/DongNP16/TS-fuzzy-system.git
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KET LUAN CHUNG

1. Cac két qua dat dudc ctia luan an

Luan an nay nghién cttu bai toan mo hinh hoéa sy lan truyén clia cac phan mém doc hai dya
trén cac mo hinh phuong trinh vi phan phan thit va ly thuyét tap mo. Cac két qua dat duge

trong luan 4n bao gom:

(i) Thiét lap mo6 hinh lan truyén ma doc SIQR phan thi véi dit licu mo st dung cac khéi
niém dao ham Caputo-Atangana-Baneanu phan thi ma (Dinh nghia va tich phan
Riemann-Liouville Atangana-Baleanu phan thit m¢ (Dinh nghia , chting minh s ton
tai duy nhéat nghiém tich phan md ctia mo hinh (Dinh 1y va Dinh 1y va thuc hién

mot s6 mo phong s6.

(ii) Thiét 1ap mo6 hinh lan truyén ma doc SE;E;IQR phan thi dya trén mang v6i ham lan
truyen xac dinh bdi cac luat mo va chiing minh mot s6 tinh chat dinh tinh ctia mo hinh
nay nhu tinh duong ctia nghiém, chi s6 nguéng lan truyén R, (Cong thiic , st on dinh
tiém can clia trang théai can bang khong c6 ma doc Py (Dinh 1y va Dinh 1y [3.4) va tinh
ré nhanh tién tai Ry = 1 (Dinh ly .

(iii) Thiét lap mo hinh lan truyén ma doc SIRS phan thit dya trén mang c6 didu khién véi
ham xtt Iy mé doc bao hoa va bai toan 6n dinh héa cho mé hinh nay dya trén hé ms
Takagi-Sugeno phan thit lién két véi cac két qua dat duge gom tinh duong ctia nghiém, chi
s6 ngudng lan truyen M, (Cong thiic (4.3)), tinh én dinh tiém can (Dinh 1y 4.3{ va Dinh
Iy [4.4), tinh r& nhanh lui tai Re = 1 (Dinh 1y [4.5) va mot 6 diéu kien dt dang bat déng
thitc ma tran cho tinh 6n dinh héa (Dinh ly clia trang thai can bang khong c6 ma
doc Py.

2. Mot s6 van dé nghién citu tiép theo

e Thiét lap cac nghién cttu sau hon vé dic trung dich té cia cac mo hinh lan truyeén ma doc
chita yéu t6 bat dinh dua trén cach tiép can s6 mo tuong quan tuyén tinh, sé6 mo biéu dién

dang granular, s6 Z.

e Xay dung bai todn quan sat va diéu khién dam bao ngudng cho cidc mo hinh lan truyén
ma doc phan thit dya trén mang dya trén cach tiép can hé mo Takagi-Sugeno phan thi
lien két v6i yéu t6 tré hay yéu t6 bat dinh.
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