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DANH MUC CAC KY HIEU VA CHU VIET TAT

1. Cac ky hiéu bang chir Latin

a Chiéu dai tim

b Chiéu rong tdm

h Chiéu day tam

C. Ma trin can phan tir

K, Ma tran do cting phan tir tim

M, Ma tran khéi luong phan tur

q. Véc to chuyén vi phan tir

qi Véc to chuyén vi tai nat phan tir

u, v, w Cac thanh phan chuyén vi tai mot diém bat ky trong tim

Uy, Vo, Wo Cac thanh phan chuyén vi tai mot diém bat ky trén mat
trung binh

X, Y, Z Céac toa do Dé céc

2. Cac ky hiéu bang chir Hi Lap

v Toan tur Laplace

£ Véc to bién dang tai mot diém
p Khéi luong riéng cua vat liéu
l Hé sb phi cuc bd

v Hé s6 Poisson

o Véc to tng suat tai mot diém
W Tan s6 dao dong riéng

3. Cic chir viét tit
PTHH Phan tir hitu han

SSSS TAm tua don trén bdn canh
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LA6

FEM
FSDT

HSDT

NET
MCST
MSGT
TSDT
FDM
DQM
IGA
FG
FGM
GF
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T4am ngam trén bdn canh

Loi giai dang giai tich, f,1a ham da thirc

Loi giai FEM, f,1a ham da thirc

Loi giai dang giai tich, f,1a ham sin

Loi giai FEM, f,1a ham sin

Loi giai dang giai tich, f,1a ham sin hyperbol
Loi giai FEM, f,1a ham sin hyperbol

Phuong phép phan tir hitu han (Finite Element Method)
Ly thuyét bién dang cat bac nhat (First-order shear
deformation theory)
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deformation theory)

Ly thuyét dan hoi phi cuc bo (Nonlocal Elasticity Theory)
Ly thuyét cap @ng suat cai tién

Ly thuyét truong bién dang cai tién

Ly thuyét bién dang cét bac ba

phuong phap sai phan hiru han.

Phuong phép cau phuong vi phan

Phuong phap dang hinh hoc

Co tinh bién doi

Vit ligu co tinh bién doi

Tam lam bang vat liéu co tinh bién doi
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MO DAU

1. Tinh cap thiét cia dé tai

Ti€u thu nang lugng 1a nhu cau tat yéu cta tién bo x3 hoi, trong nhiing
nam trudc day, dé phuc vu nhu cau niang lugng, con ngudi di khai thac va sir
dung rat nhiéu céc loai nhién liéu hoa thach, cac nguén nhién liéu nay dang dan
can kiét, va h¢ qua cua vi¢c khai thac va sir dung nhu vay gay ra ciing vo cung
tan khéc, d6 1a huy hoai moi truong séng ctia nhan loai. Ciing tir Iy do d6, nhu
cau d6i v6i cac ngudn nang luong than thién méi truong, co kha ning tai tao
dang trd nén vo cung cap thiét. Ngay nay, con nguoi da tim ra cach s dung
ngudn niang luong mit troi, ddy 1a mot trong nhimg ngudn ning luong tai tao
htra hen nhét, hoan toan khong gy 6 nhiém méi truong va khong bi can kiét.
Pé thu dugc ngudn ning lugng nay, don gian nhat 13 tao ra cic tim héap thu
nang luong truc tiép tir 4nh sang mat troi, bién quang ning thanh cac dang ning
luong khac phuc vu cho nhu cau cta con nguoi (Nguoi ta thuong goi d6 1a tam
pin mit troi). Bé st dung cac tAm hap thu nang lwong mit troi va chuyén thanh
dién ning c6 hiéu qua cao, cin phai c6 nhitng nghién ctru chi tiét tong thé vé
cac khia canh nhu vat liéu, su lam viéc, ché tao,...va mot trong s6 d6 1a nghién
ctru dap tmg co hoc cta tim nano hitu co nhiéu 16p (day 1a két cau ung dung

dé lam tdm pin mat troi).

Vi vay, dé tai “Phdn tich tinh va dpng ciia tdm nano hivu co nhiéu lop
c6 ké dén higu irng kich thwéc nhé” 1a van dé mang tinh cap thiét, co y nghia

khoa hoc, mang tinh thoi sy va thuc tién.

2. Muc tiéu nghién ctru ctia luan an
Nghién ctru vé tam nano ndi chung va tinh toan co hoc két cau tim nano
hitu co nhiéu 16p noi riéng 1a mot linh vuc rong 16m, trong khuon khd luan an,

tac gia tap trung nghién ctru dap ng tinh va dong cta két ciu tAm nano hiru co



trén co s& phuong phap phan tir hiru han, 1y thuyét dan hoi phi cuc bd véi cac

muc tiéu cu thé nhu sau;

- Xay dung cac md hinh bai toan, biéu thic quan hé co hoc, thuat toén
va chuong trinh may tinh dé phan tich tinh (chuyén vi, trang thai @ng suét, bién
dang), dao dong riéng va dao dong cudng buc cua tim nano hitu co chiu nhiéu
loai tai trong khéac nhau co xét dén hiéu tng kich thudc trén co so ly thuyét dan

hoi phi cuc bo.

- Khao sat anh huéng cia mot s6 yéu td két cau, hé sé phi cuc bo, diéu

kién bién...dén ang xir co hoc ctia tim nano hitu co.

3. P6i twong va pham vi nghién ciru ciia luin an
3.1. Péi twong nghién ciru
a) Két cau

- TAm nano hiru co gdm nhiéu 16p vat liéu.
b) Tai trong

Tai trong tinh va dong (bién doi theo thoi gian).
3.2. Pham vi nghién cizu

Pham vi nghién ctru ctia bai toan bao gom:

- Bai toan uén tinh tuyén tinh (Chuyén vi, (ing suat tinh), bai toan dao
dong tu do tuyén tinh (Tan s dao dong tu do va céc dang dao dong riéng), bai
toan dao dong cudng burc tuyén tinh cho tam nano hitu co nhiéu 16p c6 ké dén
hiéu tmg kich thudc nho (Chuyén vi cudng buc bién doi theo thoi gian).

- Can tuyén tinh theo md hinh Kelvin- voigt.

4. Phuong phap nghién ciru

Phuong phap nghién ctru duoc lva chon 1a phuong phap phan tir hitu han
(PTHH) dua trén ly thuyét phi cuc bo va nguyén ly cong ao dé xay dung cac
phuong trinh co ban ddi véi cac bai toan udn tinh, dao dong tu do va dao dong

cudng buc cua tim tim nano hitu co.



Chuong trinh may tinh duoc 14p trinh trén nén phan mém Matlab. Két
qua tinh todn cta luan an duoc so sanh véi cac két qua nghién ciu st dung cac
phuong phap khac cua cac cong trinh da duoc cong bd dé chang minh tinh
chinh xac ctia mé hinh toan co, ly thuyét tinh todn va chuong trinh may tinh.

Ciu tric ciia luin an:

Luén an duoc cau trac thanh 4 chuwong chinh.

Mé ddu: Ludn an néu bat tinh cap thiét ctia dé tai, muc tiéu, d6i tuong,
pham vi va phuong phap nghién cuu.

Chuwong 1: Tong quan vé van dé nghién ciru.

Chuong nay trinh bay tong quan vé vat liéu nano, cong nghé ché tao, img
dung cua vat liéu nano. Céc 1y thuyét tinh toan d6i voi két cdu nano noi chung
cling nhu céac két qua nghién ctru dat duge d6i voi cac két cau nano.

Chuwong 2: Co s¢ 1y thuyét tinh toan tim nano hiru co c¢6 xét dén hiéu
ung kich thude.

Chuong nay trinh bay cac biéu thirc tinh toan chuyén vi, bién dang, img
sudt, tir d6 xay dung phuong trinh can bing cho tim nano hitu co duwa trén
nguyén ly cong 4o. Bién d6i phuong trinh can bang tong quat ctia tim nano hitu
co vé dang phuong trinh can bang ctia phuong phap phan tir hiru han.

Chuong 3: Phan tich dap tng tinh tim nano hitu co c6 xét dén hiéu tmg kich
thudc va khao sat anh huong ciia mot s yéu to.

Chuong nay dua ra thuat toan phan tir hitu han va phuong phép giai tich dura
trén 10i giai cua Navier dé tinh toan uén tinh ctia tim nano hiru co c6 xét dén hiéu
ting kich thudc. Cac kiém chtmg dugc thuc hién théng qua cac so sanh gitra hai 101
giai va véi cac két qua da cong bd. Cudi cing 1a cac két qua khao sat s6 ddi vé6i
chuyén vi va ing suat clia tim nano hitu co.

Chuwong 4: Phan tich dap tng dong tdm nano hitu co c6 xét dén hiéu tng

kich thudc va khdo sat anh hudng cua mot s6 yeu to.



Chuong nay trinh bay thuat toan phén tir hitu han va phuong phap giai tich
dua trén 101 giai cua Navier dé tinh toan tan sé dao dong riéng ctia tAm nano hitu co
6 xét dén hidu ung kich thude. Bai toan dong luc hoc cta tdm nano hitu co duoc dé
xuat sir dung 101 giai bang phuong phéap phan tir hiru han. Cac vi du kiém chimg duoc
thuc hién bang cac so sanh dé minh hoa su tin cdy cta ca hai 10i giai dé xuét trong
luan an. Cudi cung la cac két qua khao sat s6 dbi véi tan s6 dao dong, chuyén vi bién
d6i theo thoi gian ctia tim nano hitu co.

Két luin va kién nghi: Cac két qua chinh luan an d3 thuc hién, nhiing
dong gop mai ciia ludn an cling cac kién nghi khéc.

Danh muc cong trinh cia tac gia

Tai liéu tham khao



CHUONG 1 TONG QUAN VE VAN PE NGHIEN CUU

Chuong nay trinh bay nhing kién thic chung vé vat liéu nano, céng nghé
ché tao, ing dung cta vat liéu nano. Cac 1y thuyét tinh toan d6i véi két cau
nano noi chung ciing nhu cac két qua nghién ctru dat duoc ctia cac nha khoa
hoc trong nudc va trén thé gidi dbi véi cac két cau nano, két cau nano hiru co

nhiéu 16p. Tir d6, ludn 4n xac dinh ndi dung can tap trung giai quyét.

1.1. Téng quan vé vit liéu nano
1.1.1. Khai nigm vdt ligu nano

Vat liéu nano 1a mot loai vat liéu c6 cau tric & dang cac so1, cac hat, éng,
hodc cac tAm mong,.. ¢6 kich thudc nam trong khoang tir 1 dén 100 nanomet.
Cong nghé nano 13 cong nghé lién quan dén viéc phan tich, thiét ké, tinh toan,
ché tao va mg dung céac két cau, thiét bi va hé thong trén co sé thay doi kich
thudce, hinh dang trén quy mé nanomet.

Nam 1959, khai niém vé cong nghé nano lan dau duoc nha vat Iy ngudi
My Richard Feynman dé cap dén khi 6ng dé cap t6i kha nang tao ra vat chat &
kich thudc siéu nho tir qua trinh tap hop cac nguyén tir, phan tir. Bén nam 1980,
nho su phat trién cta cong nghé, nho sy ra doi cia cac thiét bi phan tich hién
dai nhu kinh hién vi dau do quét, thiét bi nay c6 kha nang quan sat cac kich
thude tir vai nguyén tir hay phan tir, do vdy cac nha khoa hoc méi hiéu rd hon
vé két cdu nano.

1.1.2. Tinh chdt cia vt ligu nano

So véi vat ligu thong thuong, vat liéu nano cé tinh chit dic biét vé co,
1y, hoa tinh. Tinh chit dic biét ctia vat liéu nano 1 do tir kich thudc cta vt liéu
nay rat nho so vai cac kich thudc cua vat liéu thong thuong. Vat liéu nano nam

gitra tinh chat lugng tir ciia nguyén tir va tinh chat khoi cua vat liéu. Doi vaoi vat



liéu khdi, d6 dai t6i han cta cac tinh chit rat nho so véi do 1on cua vat liéu,
nhung dbi véi vat liéu & kich thude nano thi diéu do khéng con dang nén cac

tinh chat dic biét bat dau tir nguyén nhan nay [1], [2].
1.1.3. Cdic phwong phéap chinh ché tao vt liéu nano

Vit liéu nano c6 thé dugc ché tao bang mot trong bon phuong phap phd
bién 1a phuong phap hoa uét, phuwong phap co hoc, phuong phap bdc hoi nhiét
va phuong phéap hinh thanh tir pha khi. Mdi phuong phap déu c6 nhitng vu diém
va nhuoc diém khac nhau; phuc thudc vao diéu kién trang thiét bi, yéu cau vat
liéu, ...dé lya chon phuong phap phu hop.

a) Phurong phap héa wot

Phuong phép hoa uét bao gdm nhiéu phuwong phap nhu thily nhiét, sol-
gel, va dong két tua. Poi v6i phuong phap hoa uét, cac dung dich chira i-on
khéc nhau duoc pha va tron 1an véi nhau theo mot ty 1é thanh phan phd hop,
trong cac diéu kién ap suit, nhiét 46, pH pht hop ma cac vat liéu nano dugc két
taa tir dung dich. Sau cac budc loc, séy kho, nguoi ta thu duoc cac vat liéu cod
Kich thudc nano.

Phuong phép ndy c¢6 uu diém 13 vat liéu nano co thé ché tao duoc rat da
dang vé ching loai, chung c6 thé 1a vat liéu hitu co, VO co, kim loai. Chi phi
san xuat theo phuong phap nay ré tién va co thé ché tao dugc mot khdi luong
16n vat liéu nhung phuong phap hoa wdt cling ¢ nhuoc diém 13 cac hop chat
c6 13n va lién két v6i phan tir chit 16ng c6 thé 1a mot thach thire khong nho.
Phuong phéap sol-gel khdng dem lai hiéu suét cao, san pham c6 thé khdng dam
bao dong nhit.

b) Phuong phap co hoc

Phuong phép nay gém phuong phap nghién, tan, hop kim co hoc. Déi

v6i phuong phép nay, vat liéu dau vao dang bot dugc nghién nhoé dé tao ra kich

thude bé hon. Ngay nay, cac may nghién thudong dung 13 may nghién quay hay



may nghién kiéu hanh tinh. Uu diém ctia phuong phap nay Ia don gian, dung
cu ché tao ré tién va co thé tao ra mot lugng 16n vat liéu. Mac du vay, nhuoc
diém cta phuong phap nay 1a cac hat bi két tu v6i nhau, kich thudc hat phan
bb khong ddng nhat, do d6 khong d& dat dugc hat co kich thude nho va dé bi
nhiém ban tir cac dung cu ché tao. Phuong phap nay phu hop ding dé ché tao

vat liéu khong phai 1a hitu co (nhu 1a kim loai).

¢) Phuong phdp béc hoi nhiét

Gom cac phuong phap quang khic, bdc hoi trong méi trudng chan
khong. Phuong phap nay bdc hoi nhiét ap dung hiéu qua trong ché tao 16p bao
pha bé mit hoic mang mong, NQudi ta ciing ¢ thé str dung phuong phap nay
dé ché tao hat nano béng céch tao vat liéu nano tir tAm chén. Tuy nhién, nhuogc
diém cua phuong phap nay la cé hiéu qua khdng cao dé ché tao vat liéu & quy

mO cong nghiép.

d) Phuong phap tao ra tir pha khi

Phuong phap nay bao gdm phuong phap nd dién, nhiét phan, dot laser,
bbc hoi nhiét do cao, plasma. Nguyén ly ctia phwong phép nay 1a tao ra vat liéu
nano tir pha khi. Phuong phap dét laser c6 wu diém 1a tao duoc nhiéu loai vat
liéu nhung nhuoc diém 13 hiéu suét ciia ching khong cao nén chi gidi han trong
quy md phong thi nghiém. Nhiét phan 1a phuong phap c6 tir rat 1au, 12 phuong
phap tao cac vat liéu don gian nhu silicon, carbon. Phuong phap plasma xoay
chiéu va mot chiéu c6 thé dung dé tao rat nhiéu vt liéu khac nhau nhung co
nhugc diém 13 khong thich hop dé ché tao vat lidu hiru co vi nhiét do c6 thé Ién
dén 9000°C.

1.1.4. Ung dung cia vt ligu nano

Cong nghé nano cho phép ché tao va st dung vat liéu & pham vi phén ti,

b0 sung va tao ra tinh chat co 1y ddc bi¢t cua vat licu, giam kich thudc cua cac



két cAu, hé théng dén kich thude rat nho. bay duogc xem la cudc cach mang
cong nghiép quan trong, thic day sy phat trién trong moi linh vuc dic biét 1a
trong y sinh hoc, nang lugng, moi truong, cong nghé thong tin, quan su... va
tac dong dén toan xa hoi [1].
a) Trong y — sinh hoc

Céc hat nano giong nhu cac robot nano tham nhap vao co thé. Giup con
nguoi co thé tic dong & quy mo phan tir hay té bao. Ngay nay, cac nha khoa
hoc d3 ché tao ra hat nano c6 dic tinh sinh hoc c6 thé dung dé hd tro dan truyén
thude, chan doén bénh, tiéu diét cac té bao.
b) Nang luong

Nén cong nghé nano gdp phan ché tao va nang cao chat lugng luu trir va
chuyén doi ctia pin nang lugng mat troi, ting hiéu suat va hiéu qua hap thu va
luu trir cua pin va si€u tu dién, chét siéu dan duoc dung lam day dan dién dé
truyén tai dién duong dai.
c) Pién tir — co khi

Cong nghé nano giup con ngudi tao cac linh kién dién tir ¢& nho véi toc
d6 xir 1y rat nhanh dé tich hop vao cac thé hé may tinh nano hay st dung vat
liéu nano dé lam céc thiét bi luu trix thong tin cuc nhd, man hinh di¢n thoai,
may tinh. Bén canh d6, cong nghé nano tao ra cac vat liéu nano siéu bén, siéu
nhe. Vit lidu nano con dugc dung trong san xuét cac thiét bi xe hoi, may bay
va tau vil tru.
d) Thuwc pham va may mdc

Nganh may mic d3 buéc dén bude tién méi khi str dung cac hat nano
bac. Loai nano nay c6 kha nang dac biét nhu thu hat va tiéu diét cac loai vi
khuan tao ra mui hoi kho chiu trong quan 4o. Pay 13 mot tng dung hitu ich,
hién tai da duoc st dung trén mdt s6 mau quﬁn 4o dé tiép xtic v&i md hoi, nhat

la trong thé thao.



Khéng dimg lai & d6, cong nghé nano c6 thé 1am cho thuc pham khdng
nhimng thay d6i mui vi ma con nhiéu dinh dudng hon. Ngoai ra, cong nghé nano
cling s& gitp giit cac loai thuc pham trong thdi gian 1au hon bang cach tao ra
nhitng vt liéu bao géi thyc pham c6 kha ning tiéu diét vi khuan.

e) Moi truong

Cong nghé nano gitp loai bo va thay thé nhitng hoa chat, vat lidu va quy
trinh san xuét lau doi truyén théng dé tao ra 6 nhiém bang mot quy trinh céng
ngh¢ tién tién, tiét kiém nang lugng, gon nhe, giam anh hudng x4u dén moi
truong. Con ngudi di ché tao thanh céng cac mang loc nano, chiing gép phan
loc duoc cac phan tir tao 6 nhiém; cac chat xdc tac, hap phu nano dung dé xu
Iy chat thai nhanh chong va hiéu qua... Trong dé, ndi bat 1a may loc nudc, may
loc khong khi nano. Bay 1a loai may str dung cong ngh¢ nano véi cdc mang loc
gdém nhiéu 16 réng vi m6 nho nhiam loai bod sach céc tap chat, bui ban va vi
khuan trong nguén nudc dau vao. Ngoai ra, cac mang loc nano con giup gitit lai
cac chat khoang tir nhién c6 sin trong nudc va ¢ ich cho co thé.

Cong nghé¢ nano ra doi thyc su 1a mot bude ngoat ddi vai nhiéu linh vue
doi sdng. Hién nay cong nghé nano van con dang tiép tuc dugc nghién ctru dé

kham pha va tmg dung hét nhitng vu diém tuyét voi ma cong nghé nay dem lai.

1.2. Tong quan vé ly thuyét tinh toan tam va cac phwong phap tinh
1.2.1. C4c ly thuyét tinh toan tém

C6 nhiéu 1y thuyét bién dang cat dung dé tinh toan tdm dugc dé xut,
trong d6 c6 bon 1y thuyét thuong duge ding nhu sau:
a) Ly thuyét tam cé dién
Ly thuyét ndy tinh toan don gian, vi day 1a 1y thuyét chi chira 3 4n chuyén
vi. Tuy nhién, do khong tinh dén bién dang cat, do vay 1y thuyét tim co dién

chi phut hop cho tinh toan cac két cAu mong.
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b) Ly thuyét tam Mindlin va cdt bdc nhat

Ly thuyét tim bac nhit ctia Mindlin da khic phuc dugc han ché cua ly
thuyét tim c6 dién 1a xét dén bién dang cat, do vay phu hop cho tinh toan cac
két cAu mong va trung binh. Nhung 1y thuyét nay chi xem xét bién dang cit
khong ddi theo chiéu day tdm, khong thoa man diéu kién ung suit cat bang
khong tai hai mat trén va dudi. Do do can dén hé s6 hiéu chinh cét phu thudc
vao rat nhidu diéu kién nhu vat liéu, két cau hinh hoc, diéu kién bién,.v.v.
(thuong ldy bang 5/6).
¢) Ly thuyét tam bdc cao

Uu diém chinh cta 1y thuyét tim bac cao 13 ing suét cit phan bd dang
parabol doc theo chiéu day tim nhung dam bao thoa man diéu kién Gng suat
cat bang khong tai hai mit trén va dudi, do vay phu hop cho tinh toan cac két
cdu c6 chiéu day trung binh va day.

Tuy viy, truong chuyén vi phirc tap. Khéi luong tinh toan nhiéu, 1am
tang bac tu do cta két cdu trong phan tich PTHH.
d) Ly thuyét tam bdc cao cdi tién

Theo 1y thuyét tim bac cao cai tién, ing suat cat phan bo dang parabol
doc theo chiéu day tim, dong thoi ciing thoa man diéu kién tmg suit cit bang
khong tai hai mit trén va dudi, xét dén bién dang doc theo chiéu day tam, gan
hon véi trang thai (mg suét thuc té cua két cau. Va khong can thém bat ky hé
sb hiéu chinh cit nao.

Mic du vay, ly thuyét nay van c6 nhuoc diém 1a viéc tim cac ham bac

cao cai tién dbi voi truong chuyén vi 1a twong ddi phirc tap.
1.2.2. Cac phwong phdp tinh tam

C6 nhiéu phuong phap khac nhau dé tinh toan tim thong thudng ciing
nhu tim nano bao gdm nhém cac phuong phap giai tich nhu 101 giai Navier, 10i

giai Lévy, Ritz; nhom cic phuong phap s6 nhu phuong phap phan tir hitu han
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(FEM), phuong phap phan tir hitu han tron (S-FEM), phuong phap sai phan
hitu han (FDM), phuong phap cau phwong vi phan (DQM), phuong phap phan
tr 101 rac (DEM), phuong phap dang hinh hoc (IGA); va nhom cac phuong
phap giai tich va ban giai tich.

Uu diém cua cac phuong phap giai tich 1a ¢6 thé dua ra 10i giai chinh
xéc, do tin cdy cao tuy nhién bién d6i kha phuc tap va thudng chi tinh cac két
ciu don gian, c6 tinh chat d6i xtmg. Cac phuong phap s chi dwa ra nghiém
xap xi tuy nhién phuong phap nay hiéu qua véi cac két cau phirc tap véi cac
dang diéu kién bién va tai trong khac nhau. Ngay nay, do su phét trién manh
mé& ctia phuong phap tinh va cong nghé thong tin, cac két qua ctia phuwong phap
s6 duoc kiém nghiém qua nhiéu cong trinh cong bd da khang dinh duogc do tin
cay va tinh chinh xac.

a) Cac phuwong phap gidi tich

Loi giai Navier, 1o giai Lévy, Rayleigh-Ritz, Galerkin Vlasov

Uu diém: C6 thé dua ra 16i giai chinh xac, do tin cdy cao.

Nhuoc diém: Bién ddi phirc tap, chi dung dé tinh cac két cau c6 mé hinh
hinh hoc don gian va bi han ché vé diéu kién bién.

b) Cdc phwong phdp s6

Phan tir hitu han (FEM), phuong phép phan tir hitu han lam tron (S-
FEM), phuong phép sai phan hiru han (FDM), phuong phéap cau phuong vi
phan (DQM), phuong phap phan tir roi rac (DEM), phuong phap dang hinh hoc
(IGA).

Uu diém: C6 thé tinh cac két cau phure tap.

Nhuoc diém: Thuong chi dua ra nghiém xap xi, khong dua ra duoc
nghiém chinh x4c.

Tuy nhién, véi sy phat trién cua phuong phép tinh va céng nghé thong

tin, cac két qua cua phuong phép sb da dugc kiém nghiém qua nhiéu cong trinh
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cong bd di khang dinh duoc d6 tin ciy va tinh chinh xéc.
c) Cac phwong phap ban gidi tich.
Két hop giita phuong phap giai tich va 1oi giai so.

1.3. Tong quan vé tinh toan két ciu nano

Ngay nay, voi sy phat trién ciia khoa hoc va cong nghé doi héi cac thiét
bi ¢6 kich thudc nho gon, dac biét 1a céac thiét bi trong y hoc, dién tir, hang
khong vil try. Vi vay viéc nghién ctru ciu trac nano ludn duoc cac nha khoa
hoc trén thé gii quan tAm. Tam kich thudc nano 1a mdt trong nhiing két cau co
vai tro quan trong va thuong duoc stir dung rong rai trong cac bd cong hudong
[3], [4] (Hinh 1.1), cac cam bién [5], [6],[7] (Hinh 1.2) va cac mang mong [8].

Suspended
graphene

Hinh 1.1. TAm nano dung trong bo cong hudng [3].
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Hinh 1.2. TAm nano dung trong cam bién [5].

C4c tinh toan 1y thuyét va phan tich thuc nghiém cho thay cac 1y thuyét
tinh todn c6 dién cho cac két ciu c6 kich thudc 16n ¢& milimet tro 1én khong
con phu hop ddi véi cac két cau cé kich thudc nho ¢ micromet, nanomet. Bé
tinh toan cho céac két cau co kich thudc nhé ¢& micromet va nanomet c6 nhiéu
ly thuyét da duoc dua ra, trong d6 c6 ba Iy thuyét chinh bao gom: Ly thuyét
dan hdi phi cuc bo (Nonlocal elasticity theory): Ly thuyét cip tng suit cai tién
(Modified couple stress theory) va Ly thuyét truong gradient bién dang cai tién
(Modified strain gradient theory).

1.3.1. Ly thuyét dan hoi phi cuc b

Ly thuyét dan hoi phi cuc bo (Nonlocal elasticity theory) duoc dé xuat
dau tién boi Eringen [9], [10], Eringen va Edelen [11] & dang tich phan theo
phuong trinh sau:

0ij = ffk(lx—fl,rc) olidx (1.1)
trong do:

0V a5 lan luot 12 cac thanh phan tenxo ing suét theo Iy thuyét dan hoi
phi cuc bo va ly thuyét dan hoi théng thuong.

k 14 ham duoc x4c dinh thong qua tham sé dan hoi phi cuc bo x va khoang
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cach lan can |x — x|.

k = eya VGi a 1a hang s phu thudc loai vat liéu, e, tham sé ty 1¢ kich
thudc vat liéu nhu kich thudc hat, duong kinh phan ta. Gia tri cua e, dugc tinh
toan thong qua mé phong dong luc hoc phan tir hoic xéac dinh bang thuc
nghiém.

Eringen [12] da viét lai phuong trinh (1.1) ¢ dang vi phan nhu sau:

(1 - lZVZ)Uij = O'ilj" (12)

trong d6 [ = k, V2la toan tir Laplace.

Cac két qua nghién cau vé ly thuyét dan hoi phi cuc bo trong giai doan
tir nam 1972 dén nam 2002 dugc Eringen tong hop trong [13].

So véi phuong trinh dang tich phan (1.1), phuong trinh dang vi phén (1.2)
duoc st dung nhiéu hon trong tinh toan két ciu nano do tinh don gian caa no.
Tuy nhién, phuong trinh dang vi phan cé thé cho két qua trai nguoc trong mot
s6 truong hop [14], [15], [16].

Mo hinh dan héi phi cuc bd do Eringen xay dung trong xem xét mét tich
chap tich phan c6 trudng dau vao va dau ra twong ung 1a bién dang dan hoi va
ing suit. Hat nhan cua tich chap nay 1a 1oi giai cho bai toan vi phan véi diéu
kién bién triét tiéu & vo cuc. Luc nay, dinh luat tich phan c6 thé duogc thay thé
mot cach thuan tién bang phép toan tuong duong vi phan. Pay 1a mé hinh tac
dong dén ung suat do Eringen dé xuat cho song Rayleigh. Sau do, dinh luat tich
phan nay da duoc sir dung cho cac mé hinh cau trdc ¢ bién lién tuc, ma khéng
cha y dén thuc té 1a cac diéu kién bién ang suat tu nhién xuat hién khi tinh toan
cho mién bi chan. Khi dugc xay dung ding cach bang cach thém cac diéu kién
bién, két qua tinh toan tré nén khong chinh xac, do su can bang khi xét diéu kién
khéng con khop trén truong tng suat. Do d6, khong co nghiém nao thoa man
cho bai toan dan hoi phi cuc bo ton tai, va ddy 1a 1y do tai sao céc két qua nghich
Iy duoc tim ra trong mot s6 truong hop. Tuy nhién, cach tiép can theo ly thuyét
nay don gian va dé tiép can, cho nghiém chap nhan duoc trong da sb cac trudng
hop, do vay ly thuyét nay van dugc déng dao cac nha khoa hoc chap nhan va sir
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dung dé tinh toan cho cac két cau nano.
1.3.2. Ly thuyét cap ing sudt cdi tién

Ly thuyét cap ung suat cai tién (Modified couple stress theory) duoc dé
Xuat boi Yang va cac ddng nghiép [17] trén co sé cai tién 1y thuyét cip tng
suét cb dién cua Toupin [18], Mindlin [19], Tiersten va Koiter [20]. Bang céch
bd sung cip tenxo (ng suat dbi xing, tir d6 lam giam tham sé ty 1é chiéu dai tur
hai xudng mot.

Diéu nay 1am cho ly thuyét cip &ng suit cai tién wu viét hon vi viéc xac
dinh tham sé ty 1 kich thudc kha kho khan. Ning lwong bién dang U 1a mot
ham tong hop cua ca bién dang, do cong [20]

U= %fv(aijeij +myxi;) dV (1.3)
trong do:

m;; 1a cac thanh phan dao ham ctia cdp tenxo tng suat doi xang.

xij la cac thanh phan cua tenxo do cong ddi xung.

Cac gia tri m;; va x;; duoc xac dinh nhu sau [21]:

06y __ 00y __ 00,
Xxx = ox ' Xyy = E’ Xzz = 9z (1'4)
SL(2a 0 (2 20 1(20, 00
Axy = z(ay + ax ) ' Xxz = 55, + ax ) Xvz = 5\, t dy (1.5)

Déi vai vat liéu trong giai doan dan hoi tuyén tinh, m; j dugc xac dinh:

E

trong d6 | 1a tham s ti 1¢ kich thudc vat liéu. Gié tri caa | duge xac dinh nhu
trong cac cong trinh [21], [22].

Ly thuyét nay tuy don gian hon so véi ly thuyét cap ung suat c6 dién vi da
lam giam sb tham s ty 1é chiéu dai tir hai xuéng mot, va thong thuong ngudi

ta ding ly thuyét nay dé tinh toan cho cac két cau & kich thudc c& micro mét,
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dé giai quyét cac két cau co kich thudc nho hon (nhu ¢& nano mét) thi nguoi ta
s& dung ly thuyét dan hoi phi cuc bd hoac Iy thuyét treong gradient bién dang
cai tién.

1.3.3. Ly thuyét trwomg gradient bién dang cdi tién

So vai ly thuyét cap tng suat cai tién (Modified couple stress theory), ning
luong bién dang theo ly thuyét truong bién dang cai tién c6 thém hai thanh phan:
gradient gi&n né va gradient ¢ng suét léch. Do @6, ning luong bién dang duoc
xac dinh nhu sau [23]:

U= %fv(aijgij +piYi + TijeNije + mij)(ij) av (1.7)

Céc thanh phan xuat hién trong cong thic (1.7) duoc x4c dinh nhu trong tai
lisu [23].

Ly thuyét nay duoc ap dung dé mo phong va tinh toan cac két cau kich
thudc ¢& nano mét, tuy nhién nhuoc diém Ion nhat caa ly thuyét nay 1a s6 tham sé

kich thudc nhiéu hon 1y thuyét dan hoi phi cuc bo nén gy kho khin tinh toan hon.
1.3.4. Céc cong trinh si¢ dung dan héi phi cuc bg tinh toan két cdu tém nano

Két hop cac ly thuyét tinh toan két cau micromet, nanomet & trén vai cac
ly thuyét tinh toan tim ta dugc cac 16p bai toan da dang khac nhau. Trong céc
ly thuyét trén, ly thuyét dan hoi phi cuc bd 1a mét trong nhiing ly thuyét duoc
st dung phé bién dé tinh toan két cau nano vi Iy thuyét nay kha don gian va
cho két qua kha chinh xé&c vai mé phong. Do d6, 1uan &n st dung ly thuyét dan
hoi phi cuc bd dé tinh todn tAm nano. Sau day tac gia tdm tat mot sé két qua
tinh todn két cau nano trén co sd ly thuyét dan hoi phi cuc bo va céc ly thuyét

tinh toan tam.
Ly thuyét dan hdi phi cuc bd két hop 1y thuyét tim cé dién (Kirchhoff)

Ly thuyét tim c6 dién c6 wu diém don gian, chi chira ba ham an chuyén
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vi, tuy nhién 1y thuyét ndy boé qua bién dang cit, day 1a Iy thuyét chi phu hop
cho tinh toan céc két cdu mong. Lu va cic cong su [24] st dung 1y thuyét dan
hdi phi cuc bd trén co so 1y thuyét tim c6 dién dé nghién ctru anh hudng cua
kich thudc hinh hoc tim dén Gmg xt tinh va 6n dinh ctia tim nano dang hudng.
Duan va Wang [25] str dung 1y thuyét dan hoi phi cuc b két hop véi Iy thuyét
tam co dién tim ra 10i giai chinh xac cho tdm nano hinh tron chiu un véi bién
ngam va tya don. Cling st dung 1y thuyét dan hoi phi cuc bd va 10i giai Lévy,
Aksencer va Aydogdu [26] di tinh ra tai trong nén toi han va cac tan sd dao
dong riéng ciia tAm nano hinh chir nhat. Shakouri [27] va cong sy da dung 1oi
giai Galekin dé phan tich dao dong riéng ctia tim nano diang hudng dudi nhiéu
diéu kién bién khac nhau. Ansari [28], Phadikar va Pradhan [29] va cong su la
nhitng nha khoa hoc sém &p dung phuong phap mé phong phan tir hitu han trén
co s& ly thuyét dan hdi phi cuc bd dé tinh toan két cau dam va tim nano. Trén
co so Iy thuyét tam co dién va Iy thuyét dan hoi phi cuc bo, Phadikar va Pradhan
[29] st dung phuong phap md phong phan tir hitu han dé phan tich uén tinh,
dao dong riéng va o6n dinh caa dam nano, tim nano lam bang vat liéu dang
huéng. Nguyen va cac cong su [30] st dung phuong phap tiép can dang hinh
hoc dé nghién cru tng xir co hoc tAm FG nano. Nhiéu két qua nghién ctru khéac
vé bai toan udn tinh, dao dong riéng, 6n dinh co, 6n dinh nhiét cua tim, éng
nano sir dung 1y thuyét dan hoi phi cuc bo trén co sé 1y thuyét tim co dién dugc

cong bd trong cac cong trinh [31-34]
Ly thuyét dan hoi phi cuc bo két hop ly thuyét bién dang truot bac nhat

Ly thuyét bién dang cit bac nhat da xét dén bién dang truot, do vay phu
hop cho tinh toan cac két cdu mong va trung binh. Tuy nhién bién dang truot
khong doi theo chiéu day tdm, khong théa man diéu kién (mg suat cit triét tiéu
tai hai mat trén va dudi cta két ciu. Do d6 can dén hé sb hiéu chinh cit, hé sb

nay phu thudc vao rat nhiéu dic€u kién nhu vat li¢u, két cau hinh hoc, diéu kién
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bién,... (thuong lay bang 5/6). Pradhan va Phadikar str dung 1y thuyét dan hoi
phi cuc bo két hop ca 1y thuyét tim c6 dién va 1y thuyét bién dang truot bac
nhat dé phan tich dao dong riéng [35] va 6n dinh [36] cua tAm graphene nhiéu
16p. Ansari va cac cong su da st dung 1y thuyét dan hoéi phi cuc bo dua trén ly
thuyét bién dang cit bac nhat dé nghién ctru dao dong cua tim graphene mot
16p [37] va nhiéu 16p [38] véi nhiéu diéu kién bién khac nhau. Ly thuyét dan
hdi phi cuc bd va 1y thuyét bién dang cat bac nhat ciing dugc nhiéu tac gia st
dung dé phan tich két ciu nano 1am bang vat liéu FG. Hosseini-Hashemi [39]
va cdng su d3 sir dung 1y thuyét dan hoi phi cuc bd két hop voi Iy thuyét bién
dang trugt bac nhét dé tinh toan dao dong riéng ctua tdm FGM nano hinh tron.
Két hop 1y thuyét dan hoi phi cuc bd va 1y thuyét bién dang truot bac nhat
Anjomshoa va Tahani [40] da phan tich dao dong riéng tim graphene hinh tron,
elip dang hudng trén nén dan hoi. Golmakani va Rezatalab [41] phén tich dao
dong phi tuyén cua tAm graphene. Dastjerdi va cac cong su [42], [43] d4 phan
tich dao dong phi tuyén cua tdm graphene hinh tron, ban khuyén mot 16p va
nhiéu 16p co xét dén anh hudng cua nhiét do. Ansari va Norouzzadeh [44]
nghién ciu 6n dinh tinh d6i véi tim nano duya trén ly thuyét dan hoi phi cuc bo

két hop vai 1y thuyét bién dang truot bac nhat va cach tiép can dang hinh hoc.
Ly thuyét dan hoi phi cuc bo két hop ly thuyét bién dang truot bac ba

Aghababbaei va Reddy [45] da két hop giita 1y thuyét dan hoi phi cuc bd
valy thuyét bién dang cit bac ba dé chi 1o ung X udn tinh, dao dong tu do cua
tam nano véi bién tya don. Ciing str dung 1y thuyét dan hoéi phi cuc bo va ly
thuyét bién dang truot bac ba, Pradhan va Sahu [46] dd nghién ctru anh hudng
ctia hé s6 dan hoi phi cuc bo dén tai trong toi han va tan s6 dao dong riéng cua
tam graphene mot 16p twa don. On dinh cua tAm graphene mot 16p ciing duoc
nghién ctiru bdi Ansari va Sahmani [47] bang cach két hop gitta 1y thuyét dan
hoi phi cuc bd véi ba 1y thuyét tinh tim khac nhau 1y thuyét tAm co dién, 1y
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thuyét bién dang cit bac nhit va 1y thuyét bién dang cit bac cao. Daneshmehr
va cong su da phan tich on dinh [48] va dao dong riéng [49] ctia tim FG nano.
Nami va nhom nghién ciru [50] d3 tinh toan on dinh ctia tAm FG nano trén co

s& 4p dung 1y thuyét dan hoi phi cuc bd TSDT.
Ly thuyét dan hoi phi cuc bo két hop ly thuyét bién dang truot bac cao

Ly thuyét tim bac cao c6 wu diém la ing suat cat phan bd dang parabol
doc theo chiéu day tam, dong thoi thoa man diéu kién triét tiéu img suat cat tai
hai mit trén va dudi, do vay phu hop cho tinh toan cac két ciu trung binh va
day. Tuy nhién trudng chuyén vi phirc tap va xdy ra hién tugng khoa cat dbi
v6i truong hop tAm mong, do vAy phai sit dung mot s6 ki thuat dé khir hién
tuong trén nhu st dung tich phan giam bac hodc st dung truong bién dang cit
doc lap.

Sobhy [51] da trinh bay mé hinh két hop gitra Iy thuyét dan hoi phi cuc
bd va 1y thuyét bién dang trugt bac cao dang hinh sin ctia Thai va Choi [52].
Str dung phuong phép giai tich, Sobhy da nghién ctru dao dong riéng, 6n dinh
co va 6n dinh nhiét ctia tim graphene nhiéu 16p trong nhiéu diéu kién bién khac
nhau. Phat trién hudng nghién ciru ciia minh, trong cac cong trinh [53], [54].
Sobhy d phan tich udn tinh cta tim graphene diang huéng, di hudng mot 16p
trong moi truong nhiét. Cac tac gia Zenkour va Sobhy [55], Alzahrani va cong
su [56], Thai va cong su [57] di c6 nhitng nghién ctru vé on dinh nhiét, n dinh
co-nhiét cua tim graphen mot 16p st dung 1y thuyét dan hoi phi cuc bo két hop
Iy thuyét trugt bac cao dang hinh sin ctia Touratier [58]. Belkorissat va cong su
[59] d3 tinh toan tim GF nano trén co s& Iy thuyét HSDT dang hypebol. Phung-
Van va cong sy da chi rd ing xir tinh va dong tim FGCNT nano composite dya
trén 1y thuyét dan hoi phi cuc bo va phuong phép tiép can dang hinh hoc [60].
Zenkour va cong su [55] da tinh toan 6n dinh nhiét ctia tAm nano trén nén dan

hdi bang 1y thuyét bién dang cat hinh sin. Tran va cong su [61] st dung 1y
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thuyét bién dang trugt bac cao phan tich udn tinh, 6n dinh tinh vao dao dong
riéng ctia vo nano. Ngoai ra, mot vai cong trinh nghién ctu khéac vé két cau
nano ciing duoc tong hop trong cdng trinh [62-64].

Nguyén Vin Hau [65] di sir dung Iy thuyét bién dang cit bac cao va
Quasi-3D clng véi loi giai Ritz dé phan tich bai toan tinh, 6n dinh tinh, dao
dong tu do ciia tim co tinh bién thién (FGM) chiju tac dung cua tai trong co hoc
va nhiét d6. Pham Cong Hang [66] d4 st dung cac ly thuyét tim co dién, ly
thuyét bién dang truot bac nhat va Iy thuyét bién dang truot bac ba cua Reddy
cling véi phuong phap Galerkin phan tich bai toan phi tuyén tinh va dong luc
hoc tim FGM tua trén nén dan hoi. Nguyén Van Thanh [2] st dung ly thuyét
bién dang truot bac ba cua Reddy va bac nhat két hop vai tinh phi tuyén hinh
hoc ctia Von Karman da tim ra dugc cac phuong trinh co ban cua bai toan phan
tich phi tuyén tinh va dong luc hoc cua tim FG-CNTRC. Bang céch tiép can
giai tich va sur dung phuong phap Galerkin luan an da phan tich tai toi han tinh
va dong luc hoc cua tim FG-CNTRC chiu tac dung cua hai loai tai co va tai
nhiét do.

1.3.5. M6 hinh can Kelvin-Voigt

Luan an stir dung mo hinh can nhét cua vat ligu theo moé hinh cua Kelvin-
Voigt, nén phan nay trinh bay nhiing kién thic tong quan vé mé hinh can nhét
nay. M6 hinh Kelvin-Voigt gdm hai phan tir 1a mot 10 xo dan hoi do cing k va

mot bo can nhdt ghép song song vdi nhau nhu trén Hinh 1.3a.

K g 'y
o =const
— /B |-emee e,
O +— et
jl S N =0 t
q _____ >

a. Md hinh Kelvin-Voigt b. Bién dang khi o = const
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A(C"

o=c¢

v

I 6,17/ E?
¢. Bien dang trong trzdng hop khong d. P9 luu ty 1& v6i van toc bién dang
con bién dang du
Hinh 1.3. M6 hinh can nhét Kelvin-Voigt

Vi hai phan tir chiu cung mét ing suat nén moé hinh nay ciing dugc goi la

mod hinh dang Gmg suat. Ung suit tong bang tong Gmg suit trong 10 xo va tmg
suat trong bd can nhét, do d6 [67]:
oc=Ee+ X% (1.8)
trong d6 E 1a tham s6 vat liéu, € 1a bién dang, y 1a tham sb can nhdt cua vat
lidu va t 12 bién thoi gian.
Céc truong hop riéng:
- Khi tng suit o = const véi diéu kién ban dau £(0) = ¢, thi (1.8) c6

bién dang 1a:
s ro _Et _Et _Et
s(t)=E—(E—£0)e X:E<1_e X>+soe x (1.9)

P thi 1a duong nét lién trén hinh 1.4b, c6 duong tiém can ngang € = o /E.
Néu cat tai hoan toan, tac 1a o = 0, d6 thi 1a dudng nét dut c6 dudng tiém can
e=0.

Néu tai thoi diém t = t; khi bién dang c6 gid tri € = ¢, tién hanh d& tai

hoan toan thi ké tir thoi diém d6 bién dang thay doi theo quy luat:

_E(t—tl)

e(t) =€ge x (1.10)
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Bién dang giam dan vé khong, khong con bién dang du (Hinh 1.4c).
- Khi ¢ = d,t, nghia 13 tai trong ting ty 18 theo thoi gian, véi diéu kién

ban dau e(t) = 0 thi (1.8) c6 bién dang va van tdc bién dang la:
e(t) = I — %X (1 - e_%); ) = % (1 - e_%) (1.11)
E  E? E

Bién dang gom hai sd hang: s6 hang dau 13 bién dang tinh twong tmg véi
g suét o, sé hang sau 13 do luu ty 18 véi van toc bién dang £(t) do tmg suét
thay d6i. Do luu nay bang khong & thdi diém ban dau va sau d6 ting dan, tién
to1 tiém cin véi duong oy x/E? (Hinh 1.4d).

- Khi € = const thi (1.8) cho ung suét 14 ¢ = const. Nhu vay mo hinh
nay khong dién ta hién tuong ching tng suit.

Viéc xac dinh hé s can nhét y cua vt liéu theo md hinh Kelvin-Voigt
tuong doi kho khan, dic biét 1a phai tién hanh thuc nghiém trén tiing miu vat
liéu cu thé. Trong luan an nay, tac gia chi xét truong hop hé sé can nhdt cia

vat liéu 13 biét trudc va khong thay doi trong timg 16p vat lidu.

1.3.6. Tam nano hitu co' gom nhiéu lép vt ligu va cac cong trinh nghién cru
doi véi két cau nay

Pé hap thu ning luong tir 4&nh sang mit troi, cac nha khoa hoc di tao ra
nhiing két cau dang vo co, dang hiru co va dang két hop gitra hiru co véi vo co.
Loai tAm vo co thudng dugc ché tao tur Silic. Silic tir 1au da va van 1a chat dong
vai trd chu dao trong qué trinh chuyén doi nang luong quang dién, tuy nhién dé
dam bao kha ning hap thu day da quang phdé mat troi, can ¢ Silic hat 16n, do
tinh khiét cao dé giam thiéu su két hop lai cta cac dién tich duoc giai phong ra
do anh sang mat troi, do d6, qué trinh tinh ché & nhiét do cao va su phat trién
cua tinh thé ciing nhu ton that vat lidu trong quéa trinh ché tao gop phan lam

tang chi phi cta c4c thiét bj 1am tur Silic thong thuong.
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Ngay nay, c4c tim hiru co gdm nhiéu 16p vat liéu dugc tao ra nham khic
phuc cac nhuoc diém cua tAim vo co va duoc st dung nhiéu trong cac két cau
kich thuéc nho, va luan an nay chi tap trung tinh toan cho tim hitu co gdm nam
16p vat lidu nhu cac cong trinh [68],[69]. C4u tric co ban cua mot tAm nano
hitu co gdm 16p dé (cd thé 1am bang kinh), tiép theo 1a 16p ITO déng vai tro 1a
mot dién cuc, o gitra la cac 16p vat liéu hitu co, va ngoai cung 1a mét 16p kim
loai déng vai tro 1am dién cuc tha hai. Trai tim cua tim nano hiru co dung dé
tao ra c4c hat mang dién chinh 1a cac 16p & gitta 1am bang vat liéu hitu co, tic

|l vat lidu goc céac bon.

Lép Kinh (glass) c6 tac dung cho &nh sang tir mat troi chiéu vao cac 16p
trong nhung khong cho anh sang bi phan xa tré lai, [6p 1TO (indium-doped tin
oxide) dong vai tro nhu dién cuc dwong, c6 tac dung hat céc 15 tréng (mang
dién tich duong), 16p PEDOT: PSS (Poly(3,4-ethylenedioxythiophene): poly
(styrenesulfonate)) c6 tac dung truyén cac 16 trong dén 16p ITO, 16p P3HT:
PCBM (Poly(3-hexylthiophene) (rrP3HT) and [6,6]-phenyl-C61-butyric acid
methyl ester) gém cac nguyén ti c¢6 thé bi tach thanh cac electron va 15 trong
khi bi anh sang mat troi chiéu vao, 16p nhdm (Al) c6 tac dung hit céc electron

(mang dién tich &m) va tr¢ thanh dién cuc am.

Nguyén Iy hoat dong cua tdm hitu co nhiéu 16p hap thu ning luong mat
troi va bién doi thanh dién nang nhu sau: Khi 4nh sang mat troi chiéu vao, anh
sang truyén qua cac 16p kinh, ITO, PEDOT dén Iép P3HT:PCBM, ning luong
cia anh sdng mat troi lam trang thai nang luong cta nguyén ta trong 16p
P3HT:PCBM tang 1én, 1am electron trong 16p nay nhay 1én mirc nang lugng
cao hon, trd 1én linh dong hon va dé bj mat lién két voi hat nhan, céc electron
bi bt ra khoi nguyén tir va di chuyén vé 16p nhém (Al) va 16p nay trg thanh du
dién tich am. Phan con lai cua nguyén tir tro thanh 15 rdng va mang dién tich
duong, truyén qua I6p PEDOT: PSS dén 16p 1TO lam cho 16p ITO tro thanh
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thira dién tich duong (cuc duong). Nhu vay tim hitu co nhiéu I6p di bién ning
luong ctia &nh sang mat troi thanh nang luong dién tich 1ty ¢ hai dién cuc.
Aluminium (Nhom)

Cwc am
P3HT:PCBM

PEDOT:PSS

Glass (Kinh)

®

Cuc dwong

T e

Hinh 1.3. TAm hitu co gdm nim 16p vt liéu [68]-[69].
TAm nano hiru co nhiéu 16p va tim hép thu ning luong mit troi dé
bién doi thanh dién niang da va dang duoc st dung rong rii trong doi sdng va
ky thuat, trén hinh 1.4 thé hién mot sb ung dung cua tdm nano hitu co va tAm

bién d6i nang luong mit troi thanh dién nang [68].

Ti/TiN

P3HT:PC,,BM

PEDOT:PSS

a. Tam nano hitu co sir dung trong thiét bi ban dan/dan dién dung cho diéu
bién than kinh [70]
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b. TAm hép thu ning luong mat troi sir dung trong céc vé tinh khdng gian

c. Tam hap thu nang luong mat troi sir dung dé sac pin cho thiét bi dién tir

Hinh 1.4. M6t s6 Gmg dung ctia tim bién doi nang lugng mat troi thanh dién
nang [68]- [70].
Viéc nghién cau vé tam hap thu ning luong mit troi da thu hat sy quan
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tm cua cac nha khoa hoc va ciing dat dugc mot sé thanh tyu nhat dinh.
Gundampati va cac cong su [71] di trinh bay tong quan vé linh vuc tim hap
thu nang luong mat troi, thao luan vé cac cdng nghé san xuat. Bng thoi nhém
tac gia cling chi ra cac thdng sé quan trong dé cai thién hiéu suat caa ching.
Abdulrazzaq cting nhém nghién ctu [72] ciing di dua ra nghién ctu tong quan
vé vt lidu dé ché tao cac tam hap thu nang luong mat troi, nghién ciru nay ciing
dua ra cac gi6i han cling nhu kha ning cai tién dé nang cao chat luong va giam
gia thanh cua cac két cAu nay. Tian va cac déng nghiép [73] da dya trén ly
thuyét bién dang cat bac ba dé nghién ciru dap ang 6n dinh phi tuyén cua tam
hap thu ning lwong mit troi tua trén nén dan héi voi nhiéu diéu kién bién khac
nhau, c4c tac gia da sir dung phuong phap Galerkin dé giai quyét bai toan dit
ra, sau cac két qua tinh toan, cac tac gia két luan rang phuong phap tiép can nay
khong chi &p dung tinh toan on dinh cho tdm hap thy nang luong mat troi ma
c6 thé giai quyét cho két cau nhiéu Iop khéc. Trén co s caa ly thuyét bién thién
bién dang cai tién, Li va cac cong su [68] da tim ra 10i giai ddi véi bai toan udn
tinh, dao dong tu do cua tim hap thu ning lwong mit troi tya trén nén dan hoi.
Loi giai dya trén dang nghiém caa Navier dé tim ra anh huéng caa hiéu tng
kich thudc t6i dap ang chuyén vi tinh va tan sé dao dong riéng caa tam hap thy
nang luong mat troi. Liu va cac dong nghiép [74] da sir dung phuong phap dang
hinh hoc dé md phong dap tng 6n dinh cua tim hap thu nang luong mat troi
chiu tac dung dong thoi cua tai trong co va nhiét, nghién ctru ciing chi ra hiéu
g kich thuéc nho cé tac dong dén dap tng tai toi han trong bai toan 6n dinh
tinh ctia tim nay.

1.3.7. Tinh hinh nghién ctvu trong nwéc vé két cdu dim, tim, vo

co kich thwoc nano

Tai Viét Nam, viéc tinh toan dé tim ra quy luat tmg xir co hoc cua két cau,

cting nhu mé hinh cac bai toan co hoc ¢6 lién quan dén kich thudc nho ¢ micro,
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nano ¢ xét dén cac hiéu tng dién-nhiét- tir da duoc cac nha co hoc quan tim va dat
mot sb thanh tuu. Gido su Nguyén Tién Khiém va dong nghiép [75-77] phan tich
g xir co hoc ciia cac két cau dam cd gan cac 1op ap dién va co vét nat dudi tac
dung cua tai trong tinh va dong dua trén 15i giai dang giai tich, trong d6 khuyét tat
vét nit dugc mo hinh théng qua cac 10 xo, ddy 1a cach tiép can thdng minh va thuan
loi cho tinh toan. Gan day, gido su Nguyén Pong Anh [78-80] da dua trén ly thuyét
bién thién bién dang va ly thuyét phi cuc bo dé nghién ctru dao dong tu do va dao
dong cudng bic ngau nhién phi tuyén cia dam, dng c6 kich thudc nano khi chiu
tac dung dong thoi cua tai trong dién-tir, dy 1a nhitng van dé c6 nhiéu y nghia khoa
hoc. Gido su Nguyén Binh Drc va dong nghiép [81] nghién ciru tng xt dong huc
hoc phi tuyén va dao dong ciia cac tim hap thy niang lwong mat troi gom nhiéu 16p
vt liéu chiu tac dung dong thoi cia tai co hoc va tai trong nhiét. Trong d6, tim hap
thy nang luong mit troi gém ndm 16p nanocomposite dugc san Xuét bai cac vat lisu
Al, P3HT-PCBM-PEDOT-PSS, Thuy tinh va Graphene. Phé giao su Lé Kha Hoa
va nhom nghién ctu [82] da st dung i giai dang giai tich dé trinh bay nghién cau
d6i véi bai toan udn tinh va dao dong riéng ctia tim nano cé co tinh bién doi. Dya
trén phuong phap phan tir hitu han va Iy thuyét dam Timoshenko, Giao su Tran Vin
Lién va cong su [83] chi rd dao dong tu do ciia tim nano c6 chiéu day bién ddi trén
co 86 md hinh d6 cimg dong phi cuc bd. Gido su Nguyén Pinh Kién va dong nghiép
[84] phan tich dao dong riéng dbi vai dam nhiéu 16p duoc gia cuong boi cac ong
nano bang phan tir hai diém nat, dam chiu tac dung cua tai trong di dong theo thoi
gian. Trén co sd Iy ap dung thuyét bién dang truot cai tién bén an s6, nhém nghién
ctu ciia gido su Tran Minh Tu d4 &p dung phuong phap giai tich dé phan tich uén
tinh cta tim composite gia ¢ bang soi nano [85]. Tiép do, ly thuyét tim bén an sé
ciing duoc nhém nghién ctu sir dung dé trinh bay két qua tinh toan diéu khién dao
dong chu dong tich cuc cho két cdu dang vo tru gia cb bang soi nano dua trén

phuong phap mo phong hitu han [86].
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Vé tng Xt co hoc cua két cau tim hitu co nhiéu 16p dung dé hap thu ning
lwong mit troi c6 ké dén hiéu ing kich thudc nho, theo nghién cau caa nghién ciu

sinh, hién tai chua c6 nhiéu nghién ctu va cong b lién quan dén van dé nay.

1.4. Céc két qua chinh da dwoc cong bd

Qua céc phan tich trong cac cong trinh trén rt ra mot s6 két luan sau:

Ngay nay, két cdu nano duoc ing dung rong rii trong cac linh vuc, cong
nghé nano 12 mot bude ngodt di voi moi mit trong doi séng. Do d6 viée phan
tich, tinh toan két cau nano 1a van dé cap thiét.

Pé nghién ctru két cAu nano c6 ba phuong phéap chinh: mét 1a thi nghiém
trén két ciu nano thuc, hai 1a mé phong dong luc phén tir va ba 1a phat trién cac
md hinh co hoc méi trudng lién tuc & cAp d6 nano. Trong ba phuong phap trén
thi hai phuong phap dau phai thyc hién véi cdc may moc, trang thiét bi hién
dai, chi phi cao do d6 viéc phat trién cdc mo hinh toan hoc & cép do nano dang
duoc tap trung nghién cru dé danh gia tmg x1r co hoc cta két cAu nano.

Dé tinh toan cho céc két cdu c6 kich thudc micromet, nanomet c6 nhiéu
Iy thuyét da duoc dua ra trong do co ba Iy thuyét chinh 1a Ly thuyét dan hdi phi
cuc bo, Ly thuyét cap (mg suét cai tién va Ly thuyét truong bién dang cai tién.
Trong ba 1y thuyét do, 1y thuyét dan hoi phi cuc bo dugc sir dung nhiéu vi tinh
toan don gian va cho két qua kha chinh xac voi mé phong dong hoc phan tir.

C6 nhiéu 1y thuyét khac nhau dé tinh toan két cdu tam nhu 1y thuyét tim
cb dién, Iy thuyét bién dang cit bac nhét, Iy thuyét bién dang cit bac cao va ly
thuyét Quasi - 3D. Trong cac ly thuyét do, 1y thuyét bién dang cat bac nhét dugc
str dung phd bién. Ngay nay nhiéu nha khoa hoc da quan tdm dén 1y thuyét bién
dang cat bac cao va ly thuyét Quasi — 3D.

Pong thoi, c6 nhiéu phuong phap khac nhau dé tinh toan két cau bao

gdm cac phuong phap giai tich, cac phuong phéap sé va cac phuong phap ban
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giai tich. Uu diém cua cac phuong phép giai tich 1a c6 thé dua ra 10i giai chinh
xéc, do tin cdy cao tuy nhién bién d6i kha phtc tap va thudng chi tinh cac két
ciu don gian. Cac phuong phap sb chi dua ra nghiém xap xi tuy nhién phuong
phap nay hiéu qua vdi cac két cau phuc tap véi cac dang diéu kién bién va tai
trong khac nhau.

Céc cong trinh nghién ctru vé két cAu nano, micro dugc cac nha khoa hoc
quan tAm tir nhiéu nim nay. Cac cong trinh di tap trung xay dung cac 1y thuyét
tinh toan két cdu nano. Mot sd cong trinh str dung cac 1y thuyét trén cung voi
phuong phép giai tich dé tinh toan udn tinh, dao dong riéng va 6n dinh co-nhiét
cta céac két cAu dam, tAm, 6ng nano. Gan day, mot sb6 nha khoa hoc da st dung

phuong phép s6 dé phan tich tmg xir co hoc mot s két ciu nano nhu dam, tam.

1.5. Nhirng van dé can tiép tuc nghién ciu

Tir tong quan nhitng van dé da trinh bay & trén, tac gia nhan thiy c6 mot
s6 van dé can tiép tuc nghién ctru do 1a:

- Nghién ctru dap tmg udn, dao dong riéng khong can, c6 can va dong
cudng birc clia tam, vo nano nhiéu 16p nodi chung va tdm nano hiru co nhiéu 16p
chiu tac dung cua cac loai tai trong co hoc khac nhau trén co s¢ st dung ly
thuyét bién dang truot Mindlin, 1y thuyét bién dang cat bac cao cai tién.

- Nghién ctru 6n dinh tinh va dong ciia tim nano néi chung va tim nano
hitu co nhiéu 16p noi riéng trong moéi truong dan hoéi, dan nhét chiu tac dung
cua cac loai tai trong co hoc.

- Bap tmg dong luc hoc cua céac két cAu nano va tim nano hiru co nhiéu
16p trong méi trudng phirc hop, nhiéu loai tai trong tic dung dong thoi.

- Tinh toan tdi wu kich thudc, tdi wu vat liéu cho cac két cau dang tAm

nano hitu co nhiéu 16p.
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- Tinh to&n anh hudng cua hiéu ung kich thude dén cac dap ung tinh va

dong ctia tam nano hitu co nhicu 16p.

1.6. Nhirng ngi dung luan an tap trung nghién ciu

Lu4n 4n két hop gitta phuong phép phan tir hitu han, 1y thuyét bién dang
ct cai tién, 1y thuyét dan hdi phi cuc bo dé phan tich ubn tinh, dao dong tur do
khong can va dong cudng birc clia tim nano hitu co. TAm nano hitu co nay
dugc lam tur cac 16p vat licu hitu co ¢6 co tinh khac nhau.

Két qua tinh toan cua luin an dugc so sanh voi cac két qua da cong bd
bang 10i giai giai tich dé kiém tra tinh chinh x4c va do tin ciy clia phuong phap
va chuong trinh tinh. Trén co s& do, ludn an s€ khao sat mdt $6 thong s6 hinh
hoc, tham s can, diéu kién bién, tham sb phi cuc bJ,... dén dap tng udn tinh,

dao dong tu nhién khong can, dao dong cudng birc cia nano hitu co nhiéu 16p.

1.7. Két luan chwong 1

Chuong nay da trinh bay tong quan vé vat liéu nano, do céc tinh chat dic
biét vé co hoc, nhiét, dién va hoa hoc nén két cAu nano di va dang duogc st
dung rong rai trong cac linh vuc y hoc, dién tir va céac linh vuc khac. TAm nano
12 mot trong nhitng thanh t6 quan trong nhat thuong duoc sir dung 1am thanh
phz‘in trong cac tAm phim mong, cac bd cong hudng va cam bién. Do do, viée
nghién ciru cac dao dong cila cau tric nano 14 rat quan trong do6i véi thiét ké va

san xuat thuc te.

Ngoai ra, cac 1y thuyét tinh toan két ciu nano cling nhu cac két qua
nghién ciru clia cac nha khoa hoc d6i véi cac két cau nay ciing dugc thao luan
cu thé, tir d6 ludn an xéc dinh ndi dung chinh ma nghién ctru nay thuc hién.

Tinh toan, phan tich tinh, dao dong tu do, dao dong cudng birc,... cua

két ciu nano néi chung va tim hitu co néi riéng duge nhiéu nha khoa hoc trong
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nudc va ngoai nude quan tim tinh toan bang nhiéu phuong phap khac nhau nhu
phuong phap giai tich, phuong phép ban giai tich, phuong phap sb, phuong
phap thuc nghiém, ... Trong giai doan hién nay véi su phat trién manh mé cua
khoa hoc cong nghé dac biét 1a img dung mdy tinh vao trong tinh toan thi
phuong phap phan tir hitu han c6 rat nhiéu uu thé dé giai cac bai toan co hoc
c6 khoi lugng tinh toan 16n. Vi vy phuong phap nay da dugc rat nhiéu cac nha
khoa hoc nghién ctru. Do d6, dé tai “Phén tich tinh va déng cia tAm nano
hiru co nhiéu 16p c6 ké dén hiéu wng kich thwéc nhé” ma luin an dit ra c6
¥y nghia khoa hoc va thuc tién, dong gop thém mot huéng nghién ctru méi dé
chi r&6 mot sé dap ung tinh va dong ctia tim nano hitu co chiu tac dung cua cac
dang tai trong khac nhau. Qua tim hiéu cac cong trinh nghién ctru di céng bd
trong giai doan hién nay, v&i nhiing hiéu biét tot nhat cia minh tac gia thay

rang day la van dé c6 nhi€u y nghia khoa hoc va thuc tién.
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CHUONG 2 CO SO LY THUYET TiNH TOAN TAM NANO HU'U CO
CO XET PEN ANH HUONG CUA HIEU UNG KiCH THUOC
Chuong nay trinh bay co sé 1y thuyét tinh toan tdm kich thudc nano gém

nhiéu 16p vat liéu hitu co c6 ké dén anh hudng cua hiéu tmg kich thudce trén co
so 1y thuyét dan hoi phi cuc bd. Pay 1a co s 1y thuyét quan trong dé phuc vu

cho viéc phan tinh dap tng tinh va dong sé& trinh bay & cac chuong tiép theo.
2.1. Thiét 1ap bai toan va cac gia thiét
2.1.1. M6 hinh bai toan

Tam nano hitu co ¢4 mé hinh duoc thé hién cu thé nhu trén hinh 2.1. Cac
tham sé hinh hoc chii dao cua tim bao gdm chiéu dai a, chiéu rong b, chiéu day
tong thé cua két cau 1a h. Tam gom 5 16p vat liéu [68, 74], mdi 1op co chiéu day

tuong tng la h;.

Tam nano hitu co gom nhiéu lop vat liéu

h| N Glass
________ 70

_____ - PEDOT:PSS

--~-» P3HT:PCBM

- Al

h 1

a) M6 hinh 3 chiéu b) Mat cat ngang 2 chiéu
Hinh 2.1. M6 hinh tam nano hiru co nhicu 16p.
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2.1.2. C4c gid thiét

pé xay dung cac phuong trinh quan hé img xtr co hoc, luan an dya trén
mot s6 gia thiét nhu sau:

- TAm thoa man bién dang cit cai tién, xem &, = 0;

- Bién dang bé. Khong xét dén tac dong ctia méi truong nhiét do.

- Vat liéu dan hoi tuyén tinh.

- Mt gitra tring véi mat trung hoa ctia tim nano hitu co.

- Khong xét su bong tach gitra cac 16p vat liéu trong qua trinh chiu lyc.

- Hé sb dan hoi phi cuc bd va hé¢ s6 can nhu nhau trong moi 16p vat lidu.
2.2. Quan hé @ng xir co hoc ciia tim
2.2.1. Trwong chuyén vi

Tam nano hitu co gdm nhiéu 16p c6 dic trung co tinh khac nhau, cac biéu
thire tinh toan dudi day duoc thiét 1ap trén mit phang Oxy tring v4i mat trung
binh cta tAm.

Dua trén 1y thuyét bién dang cét cai tién, truong chuyén vi ctia tim nano

hitu co c6 dang nhu sau [58, 87, 88]

__,om_ows
Ju(x' Y Z) =~z ox fz ox

owy, owg (21)

v(x,y,2) = —ZE—fZ 3y

\W(x,y,2) = wy (6, y) + wy(x,7)

trong do:

+u, v, w: ba chuyén vi dai tai diém c6 toa do (x, y, z) ciia tAm;

+ Thanh phan chuyén vi theo phuong truc Oz 1a w(x, y, z) dugc chia ra
lam hai thanh phan, thanh phan chuyén vi uén Wy, va thanh phan chuyén vi cat
Ws. Ham f; thé hién quy luat phan b tng suit theo chiéu day cua tAm, ham nay

duoc chon sao cho ng suat ti€p phai tri¢t ti€u tai mat trén va mat dudi cua tam.
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Va ham f, dugc chon sao cho khong can dén hé sb hiéu chinh cét trong qué trinh

tinh toan, ham f, co thé c6 cac dang nhu sau:

Ham da thuece [87]:

fz = —Z + gZ—z (2.2)
Ham sin [88]:
f=2- gsin (%) 2.3)
Ham sin hyperbolic [89]:
z 1
f, =z —hsinh (Z) + z cosh (E) (2.4)

2.2.2. Trwong bién dang

Cac thanh phan bién dang dai va bién dang trugt duogc tinh toan théng
qua dao ham bac nhét va dao ham bac hai cta cc thanh phén chuyén \%h

(&)

E [ 9°wp (92ws )
Exx a_v 0x2 0x? ( 0 )
(8 1 dy azﬂ m 0
yy ou  ov ay? oy? 0
S={ixy?2<5+a>:—z< a2Wb>_fz< 62W5>+g2<%>(2'5)
ol 20y axdy o
Eyz ax oz 0 0 \aWSJ
dw | By S ~ 0/ ’
oy T 52/

Biéu thtrc bién dang (2.5) c6 thé duoc viét gon lai & dang nhu sau:

{8 = z&, + [

2.6
Vs = 9zVso ( )

trong do:
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&= {gzx' gzy'gzxy}Ti & = {gfx"gfy"gfxy}Ti

Vso = {stz; Vsyz}T;

aZWb aZWb aZWb
Ex = T gya  Eay T T n i By = —Zm;
_ 0%ws 0w, _ 0%wy
&x = T2 Sy T 9y2 ’ €fxy = 9xdy’
a S a S de
ysxz=%; Vsyz=%; gz=1_z (27)

2.2.3. Quan h¢ #ng sudt — bién dang

Pé xem xét anh huong cia hiéu ung kich thuéc nho, luan an s dung 1y
thuyét dan hoi phi cuc bd, do vay biéu thirc lién hé giita tng suit v4i bién dang
trong 16p vat liéu thir i c6 dang [27], [89, 90]:

i
Gx
(1 - 1273)ct = (1 - 127?){ 0y
Tyy

cii ¢l 0] &y &) l.
=lci, ci1 0 {Ey} +x%{€y} =Die + x> (2.8)
0 0 C§3 Vxy Vxy

i

a- 12p2)7i - - 1272){;’;2}

ol R [ AR RPN )
trong d6 x 1 hé s6 ké dén tinh dan nhot ciia vat liéu va t 1 bién thoi gian.
Phuong trinh (2.8)- (2.9) dugc viét gon lai nhu sau:

{0t} = Pv3{ah T} = D'{ehvi) + xa{ia—t”} (2.10)
trong do:

[ = (eyX) 1a hé s6 nonlocal (M), e, 13 hing sb, 4 1a hé s6 phu thudc cac

dac trung cua vat liéu nano.



36

72 =2 1 2 13 toan tir Lapl
= 5.2 15,7 [a toan tir Laplace.
. [ DY o
Dl — [ b 3);2] (211)
02.3 Dy
ct, ¢, 0 .
i 11 1i2 i C§3 0
Dy =|ci;, c¢;; O0[; D;= 0 (2.12)
0 0 cly 33
trong do:
. E!
l — l —_
€11 €22 1 — (Vi)z
i viEt
= 2.
€12 () (2.13)
. . . El
Cos = C55 = Cas = 50 ry (2.14)

trong d6 E* va v 1a mo dun dan hoi va hé s6 Poisson ciia 16p thu i.
2.2.4. Nguyén ly cbng do

Pé duara phuong trinh chuyén dong cua tdm nano hitu co, luan an ap
dung nguyén 1y cong 4o cho tam ¢ dang sau [91]:
6U —S6W —6T =0 (2.15)
trong d6 SU, 6W va ST lan luot 1a cac thanh phan cong 4o do bién dang cia
tam, cOng 4o clia ngoai luc va cong do cla lyc quan tinh cua tam.
Khi tim dugc chia thanh cic phan tir nho, phuong trinh cong 4o (2.15)

duogc viét lai dudi dang phan tir hiru han nhu sau:

6XelUe =2 W, —2.T,)=0 (2.16)
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trong d6 8U,, SW,, 8T, 1an luot 13 cong 4o do bién dang cta phan tir tAm, cong
a0 do ngoai luc tac dung 1én phan tir tim va cong 4o sinh ra do luc quéan tinh

ctia phan tir tAm.
Cong 4o do bién dang dan hoi
Biéu thirc cong do do bién dang dan hdi cua tim nano dugc tinh nhu sau:

5U, _f 5. fh1+1<(0x) (et + (Uy) 5(53/) + (Txy) 5(ny) )dzd[)
+(Txz)" 0 (sz)l + (Tyz) 5(]/312)

928w 9%8w 928w
-M, LS, —=-M ) >
9x2 9x2 y 6y2 y dy2
= o (2.17)
0} —2M 928wy, _ 9?2 6WS+F 65W5+F Swg
XY 9xdy XY oxo XZ  9x Yz oy

trong do cac thanh phan noi lyc cuia tam dugc tinh nhu sau:

i

Oy
{Myn; Sin} = Zifhhim oy + {1; f}dz; kn=x,y, xy  (2.18)
Tay
hiyq (Txz :
{sz; Fyz} = Zifhi {Tyz} dz (2.19)

Cong 40 do lyc quan tinh cua tim
Van téc caa diém c6 toa do (x, y, z) tai thoi diém t:

u(x,y,z) = — ~fe e
v(x,y,2) = —zaﬂ ~fo aWS (2.20)
w(x,y,z) = Wb(x: y)+ Ws(x' y)

79 6wb aws

trong d6 dau chdm 1a ky hiéu dao ham cip mot theo thoi gian.

Bién phan cua van toc:
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su(x,y,z) = —z8 =2 — f,6 2%
§v(x,y,7) = —28 2L awb - ];5"’;25 (2.21)

ow(x,y,z) = dw, (x, y) + 6w (x,y)
Cong 4o sinh ra do lyc quén tinh dugc tinh nhu sau:
8T = [, [ pt(udtt + 06V + Wwéw) dzd (2.22)

Thay cac cong thirc (2.20) va (2.21) vao cong thirc (2.22), ta rat ra:

(Ho (i, + V)8 (wy, + wy) + Hy (a LA Wb) Swy)

+H, (aZWS + a2‘”5) Swy + H, (a L7 ) sw Ld() (2.23)

oT = f dx2 dy? dx2 dy?2 |
%vg 92w
+Hy (52 +5,2) ows )

trong d6 dau hai cham 13 dao ham bac hai cua bién twong tng theo thoi gian,

va cac hé so duoc tinh toan nhu sau:

H, 1

H, _ hiv1 z?

H2 - Zi fhi p Zfz dz (224)
H 7

trong d6 p' 1a khéi luong riéng tuong tng vai vt lidu 16p thi i.
Cong ao sinh ra tir ngoai luc

Biéu thirc ¢6ng 4o cua ngoai luc tac dung theo phuong truc Oz, vudng goc
voi bé mit cua tim duoc tinh nhu sau:

W = [, p,6wdQ = [ p,éwdQ (2.25)

trong d6 p, 12 ngoai luc tac dung theo phuwong vudng goc vaoi mat phang tam.
Thay cac phuong trinh (2.17), (2.23), (2.25) vao (2.16) sau do tich phan ting
phan va nhém theo cac sb hang lan luot chira Swy,, Sw ta thu duge cac phuong

trinh sau:

%M, 0°M,, 0°M,
dwy: Fp + 2 93y + 377 Y+ Hy(Wp, + v, + Hy

9%, 0%
0%y | 0%y
9x2 | 9y?
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2

+ H, (a by 2 WS)+pZ =0 (2.26)

0°S, 0%y  0°Sy OF, OF

vz . .
: H
dwyg 9 + 9x3y + 377 + Ix 3y + Hy(Wy, + W)
a az .o az ..S a S
+H, ( 6:"2” + a;";’) + H, (a; + ay”ﬁ ) +p,=0 (2.27)

Tich phan phuong trinh (2.8)- (2.9) theo chiéu day tam, luan an tim duoc

cac thanh phan noi lyc cia tdim nhu sau:

Biéu thirc md men:

M, M, his | €
M, } —2p2{M, } = Zf
M M T hi

xy xy

a
= AZSZ + Bfo + Xa (AZ)(SZ + Bf)(sf) (228)

Phuong trinh (2.28) duoc viét gon lai nhu sau:

Mx
d
(1=17*)iMy ' = A,e, + Brgr + x5 (A€, + Brygyr) (2.29)

M,,,

M6 men bac cao

Sx his1 C11 C12 0](&
Sxy hi C§3 Vxy

= Bfgz + ngf + XE(BfXSZ + Dfng) (230)
Phuong trinh (2.30) duoc viét gon lai nhu sau:
Sx

0
(1=12V?){Sy  =Bse, + Dser + x5 (Bry&, + D) (2.31)

Sxy

trong do
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N Ci:1 ciz 0

{4, Br,Dp} =% [ " |l ciy 0 |{2%2f,, fP}dz (2.32)
0 0 cl

{422 Bry Dry} = X fhiHl{Zz,Zfz,fzz}dZ (2.33)

Céc thanh phan luc cat:

sz} sz hi
_ l2 VZ{ } — i i+1
{Fyz Fyz Zl fhi

C§3 0 Yxz ‘ _ d
0 C§3l {Vyz} dz = AsYsO + Xa (ASXYSO) (234)

Phuong trinh (2.34) duoc viét gon lai nhu sau:

E )
(- 27) {7} = Avso + 15 (Asy¥i) 2.3
trong do

_ hiyq C.’i’B 0 | (Yary' . _ hiyq (Vxz :
As =3/, [ ; cégl lor} 92dz; Ay = S [ {7} g2z (2.36)

Thay ndi luc tir cac phuong trinh (2.28), (2.30) va (2.34) vao cac phuong
trinh can bang (2.26) va (2.27), luan an thu duoc phuong trinh can bang caa hé

(bing céach cho cac gié tri twong (g véi cac bién phan dwy, Sw, bang 0) co

dang sau:
owy:
0*M, _0*°M,, 0°M, -
2 T2y Ty T A TR
+(1 = 12V H,(w,, +ws) + (1 — 1?V3)H, (% + a;—;;b>
+(1 - 1272 H, (S + 662;5) =0 (2.37)
Owg:

925, _0%S,, 0%S, OF, 0F,
2 1— 1272
0x?2 + 0x0y + 0y? * 0x * dy * P
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S 0%,  0%wy
+(1 - ZZVZ)HO(Wb + Ws) +(1- lZVZ)Hz <W + a—y2>
22 %Wy %Wy _
+(1 - 12V?)H; (ax2 + ayz) =0 (2.38)

Dang khai trién ctia cac phuong trinh (2.37), (2.38) nhu sau:

0*w, 0*w, 0wy 0wy
_A211 ax4_ _A212 axzayz _Bfll ax4 _Bf12 axzayz

0w, 0w, 0wy
_Bfll ay4_ _4AZ33 axzayz _4Bf33 axzayz
4 0 (0*w, N 0w, o 0w,
X2x e\ ax* * ax2ay? | < 9x2ay?
B 0 [9*wy N 0w, o 0w,
e\ axt " ax2ay? | “oxtay?
. 0%w, 0%y
= —(1 — l2|72)pz - (1 - ZZVZ)HO(Wb + WS) - (1 - l2|72)H1 < axz + ayz )
_12p2 0% | 025
- (- VOH, (52 +52) (2.39)
0w, 0w, 0*w, 0w,

—Bf1a oxt D11 ox* Bf1a 9x29y? — D12 9x29y?

*ws 0*w, 0w,
Df11 o4 4 f33 dx2dy? f33 dx20y?
0w, 0w,
_Asll ax4 522 a 4
B 0 64Wb N 64Wb 49 64Wb
e\ ax* T axzay? T~ 9x2ay?
b 0 [90%wy N 0wy o 0w,
X\ ax* T ax2ay? | “oxtay?

4 0w, N 0wy
XEsx \ px oy*

92w, azvvb>

=—(1-1°V*)p, — (1 = I*’V*)H, (W, + W) — (1 = I*’V*)H, < 322 + dy?
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_  12p2 9%vwg 92w

(1 - 1272, (52 +52) (2.40)
Nhan lan luot cic phuong trinh (2.39) va (2.40) véi céc bién phan

Sw,, 8w, sau d6 cong vé theo vé ta duge phuong trinh sau:

r /0%M 9°M
42—
dx2 dxdy
5Wb

(2.41)

a2s OFy
k"’ y+_x)6WS dxdy =0

[(pz + HO(Wb + Ws) )5W ]
+(1— 272 +H, V¥, + H,V?w,/) P

Pt Ho (W + Vi) )ow |

+H, V%, + H VW, °

Dang khai trién ctia phuong trinh (2.41) nhu sau:



Swy,

( a4wb a4-‘/‘}5 a4Wb
211752 11754 212 9x20y?
a‘l’WS 64Wb
f12 0x20y? 733 %202
04wy
_4Bf33 axzayz
0 3wy 0wy 0w,
Xlzx ot \ dx* 0x20y? 9x29y?
B, 2 a4w$+ ows + 9wy
|5\t T ax2ay? T “axay?
[ 04Wb a4-WS a4Wb
—Bf11—6x4 — Dr1q oxt | 2525y
64WS 64Wb
_Df12 axZayz - 4‘ f33 axZayz
0wy
T 5x2gy2
0 04Wb a4Wb a4-Wb
—XBfX& ot +ax26y2 +26x26y2
0 a4WS a4Ws a4Ws
—XDfXE St + 3x29y? + Zaxzayz
4 64W5+64WS
| X SX ax4 ay4

> dxdy

Swy
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( 2 626Wb 625Wb )
p, |owp, — 1 92 + 3y
026w,  0%6w;,
+p, [(SWS—IZ( 52z T 377 )]
0’p,  9°p,
—(6wp, + Swy)l? (axz + 6y2>
a(Wb + WS) 05Wb
. . 2 0x 0x ]
+Hy | (W, +w)éwy, + 1 \ 9y + W) 65Wb/j
dy dy
d(Wy, + wg) déw
_j< ( bax 5) axs \] rdxdy =0
.e .e 2
2 | +Hy | (W), + W)owg + 1 \+6(WD+WS) 66WS/J
dy dy
( 2w, 9%\ )
H1< >+ W”)
+(1 —127?) < 0x > Ow
wH 32w, azws b
L 2 6x2
(H azwb aZWb
+(1 —127?) < 2 axz > Ow
H 02w, GZWS s
\ L\ 0x? 5)’2 ) y
(2.42)

Phuong trinh can bang (2.42) 1a phuong trinh cin bang ciia tim nano trong
truong hop tham sé dan hoi phi cuc bo 1a khong d6i trén toan bd chiéu day cua
tam nano hiru co. P c6 mdt vai cong trinh nghién ctru ciing chi ra rang tham
s6 dan hoi phi cuc bd phu thude vao loai vat li¢u, néu vat liéu cta két cau co co
tinh thay d6i thi tham s dan hoi ciling bién do6i [89, 92]. Vi tim nano hitu co
gé)m nhiéu 16p vat li¢u, luan an gia thiét tham sb dan hoi phi cuc bd mdi 16p
khac nhau va ty 1& v6i chiéu day 16p d6 (113 tham s dan hoi phi cuc bd cia 16p

thit i), phuong trinh can bang d6i véi tAm nano hitu co c6 dang nhu sau:



Pz

0w
_A b

0*w;

_Bf12 —ax26y2 - 4‘A

9]

2115 Bf11W —
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0wy

(34Wb

z33 axzayz -

64Wb

zx&

64
z12 axzayz

Wp

0wy

Bfss 0x20y?2

6Wb

_XEVXEE

9]

64Wb "
0x*

6x26y24_
0wy

64M@_+
Ox*
a4Wb

4
S

0

g TPhmga T

—Dr12 dx20y? —4

0x2%0y?
0wy

4Wb

Bf33 —ax26y2 - 4‘D

_XBﬁxgz
d

a4Wb n
dx4

b 0wy
Y2 5e\ ox?

+

0wy
_XAS)( x4

— (6w,

+Hoy \+ 3 (i, + 1) DSw, /

L

0wy
626Wb
i
dy? / i
dy?
Hy(Wwy, + wg)dw,

64Wb
+
0x2%20y?
+ 5320y +2
0w,
dy*
0x?2 \
625Wb + Pz 5Ws -
llzhl azpz azpz
+ 6WS)Z 7\ 322 +
l
a(Wb + WS) 66Wb
ox 0x

ay ay

12,

h

\
)

A

> dxdy

026w,

dx?2

+025M@>

7

> dxdy




}SWD
_ dxdy =0
L* g (O 0% (0% 0%\ [ dxdy
2\ ax2  0y? 3\ ox2  9y? s
0%w, 0w, 02w,  0%w,
CVZ{H”(axZ 6y2>+ 31(0 2 T gy } s
(2.43)
trong do
H,, 1
Hy( _ hivy Bhi z?
H,, =X, e zf, (92 (2.44)
Hy, 17

Phuong trinh (2.43) khac véi phuong trinh (2.42) vi xem xét dén su khac

nhau cuia bién phi cuc bd trong moi 16p vat ligu.

2.3. M6 hinh phan tir hitu han
2.3.1. Md hinh phan ti#

Dé giai quyét bai toan dit ra bang phuwong phap phan tir hiru han, luan an
chia tim thanh cac phﬁn tur ph?mg tor giac bon nat, khi chuyén sang hé toa do tu
nhién, phan tr tr gidc ctia tAm sé& trd thanh phan tir chuan 1a hinh vudng c6 cac
toa do nat biéu dién hé toa do ty nhién. Mot nat ¢6 sau bac tu do gém hai bac
tu do chuyén vi va bén bac tu do gém cac dao ham cua chuyén vi nhu sau

o (32), (22, (22), (2
bjr sy \ gx j'\ox /" \ oy j' oy j.
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y A rA
@ 0B @ oy 3
y A
_______ (-1,0) (1,0) S
sesepes B il SO S =~J__ O
b iiSe g -
O———0 g |
,,,,,,, @ @ x @° 01 @
O a X 0] .

Hinh 2.2. Biéu dién phan tr t giac 4 n(t.
2.3.2. Cac ma trdn, véc to phan tir
Véc to chuyén vi phan ta

Véc to chuyén vi n(t cua phan tir gdm cac thanh phan chuyeén vi va cac dao
ham tai cac nut nhu sau:

oy (22) 1 (52) L (22) L (22) 2.45)

J J

qe. = Z?:l

Do c6 cac an s6 c6 dao ham bac nhit va dao ham bac hai cia chuyén vi udn
va cat, nén can phai sir dung ham Hermite dé ndi suy hai thanh phan nay nhu sau:

4 aWb aWb
Wo = Z,.zl FWoi + Fjia (W)j ML (W)

}:Fer
j

—24 Fw; +F (aWs) +F (aWs) =F (&40
kWs— i iWsj T+1 axj 42 9y ; = Isqe
trong do:
(o Thlf 0 G © fis O oa
Fo=3%7400 F 0 Fi 0 Fu,l '

va Fj la cac ham noi suy Hermite, chung dugc tinh toan trong hé toa do tu nhién

nhu sau:
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1 1
F==(1-rNA-5)2-r—-s—r%—5s?%),F, =§(1—r2)(1—s)

8
1 1

F; =§(1—T’)(1—S)(1—SZ),‘F4 =§(1+r)(1+s)(2+r—5—r2 )
Fs=—=1+r1-)A-72;F == (1+1)(1-s)A—71?)

1
F, =§(1+r)(1+s)(2+r+s—r2—52);F8

1
= _§(1 +r)(A+5s)(1-12)
1

Fo=——
2 8

(1+7r)A+s)(1—s?);F,
1
=§(1—r)(1+s)(2—r+s—r2 —5%)
Fiy ==(1=m)A+)(A—-r2);Fp = —=A-r) A +5)(1—s2) (248)

Ldc nay, vecto gdm chuyén vi tai diém bat ky thuc phan tir tim duoc tinh
toan thong qua vecto chuyén vi ndt ciia phan tir d6 nhu sau:

dwp\ (Owg\ [Ow,\ [Ows\)"
= ) ) ) ) ) = F . 2.49
u {was(6x><6x>(6y)(6y)} H e (249)
trong do
F 0 Fu 0 Fup o 0
0 F 0 Fu 0 Fy
d0F; 0F; 0F;
Y Jj+1 Jj+2
0x 0 0x 0 0 0
4 0F; 0F; 0F;
F :::E: 0 =L o AT I+2 2,50
H j=1 0x 0x 0x ( )
0F o 0Fu o 0Fnm
dy dy dy
0F K O
dy dy dy
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Ma tran d6 cirng va ma tran can phén to

Cong 4o do bién dang dan hdi cua tm nano:

8U, = [, o.6edv (2.51)

U, = [ ¥ [ 6*.5e dzd (2.52)
hiv1

5U, = [, %[y (7D + 1 )5sdzdn (2.53)

[(ze, + fzsf)TDi 8(ze, + f,&)|

—a(uz:;fzsf ) §(ze, + fzef)

v
+YS7(;D§6YSO + X%6YSO

oU, =f Z fhl . dzd (2.54)

sU j 2 jhiﬂ [eZTD z28¢, + &, Dy zf, 8¢, + & Dy zf, 8¢,
e =

- ] dzd()
+er Dif28er + vshyDE8Yso

082 2 del asz
i z°0€, + —zfz6£f + a—szSSZ
+ )(f Z f e ; ‘ dzdQ (2.55)
+—f f2oe; + L2 YSO 5¥ 0

SU. - f lsZTAZSZ +&,/Bres + &/ Bre, + &/ Dsgs
L, =
Xp)

dxdy
e +YS7(;A 6)’50 ]

T

oet 68
— AzxEs fx f+ fof 4= Dfx ¥

+x/, a dxdy (2.56)
+ Y;o ASX6YSO
T V;A,V, +V.BV, + V}BfVZ + V}Dfo
6U, = q. fﬂe VAV dxdy.dq,
S4EsY S
. VAV, + VBV, + V}BfXVZ + V}DfXVf
+qex fge [-I_VZAS)(VS dxdy.éq,
= qu 6q. + qu 6q. (2.57)

trong d6 ma tran do cimg phan tir:

K, =K%+ K3 (2.58)
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voli

k2=, (vt v} [Af By ] [Vf]) dxdy (2.59)

KS = fﬂe(VzAsVs) dxdy (2.60)

trong d6 K% 1a ma tran do ctirng chong uon, K3 la ma tran do ctirng chong cat cia

phan tir tam, con cac ma tran h¢ so6 dugc tinh toan theo cong thirc:

[—Z0) [-2E)

R 2r,
Vo=|-52 [ ¥=|"%2 | Vs=|aor, (2.61)

0°F 0%F ay

l—quy”J , l—sz
Va ma tran can phan tr tim do tinh dan nhé6t cta vat liéu duge xac dinh
nhu sau:
A,, B V
f

C.=x [ Ja, ([VZ Vi [fo Dfﬂ V;D dxdy + [, (ViAs,Vs) dxdy]

(2.62)
Ma tran d6 cing cua phan tir tim va ma tran can cta phan tir tim dugc

Viét trong hé toa do tu nhién c6 dang sau:
=1 (ve v [A Bf] [Vf]) det(J)drds  (2.63)

K3 = [, [, (VIAVS) detl]| drds (2.64)

Co=xJ", [, ([Vg V7] [[B}; b X] [Vf] + (VIAg, Vs )) det(J) drds

(2.65)
vo1 J 1a ma tran Jacobi cua phép chuyén hé truc toa do tir hé toa do Dé Cac sang
hé toa do ty nhién. Va tur day co thé théy vi¢c tinh toan ma tran do cung cua
phan tir tim khong can dén bt ky hé s6 hiéu chinh cat ndo, ciing khong can

phai thuc hién tich phan rat gon di v6i thanh phan ma tran chng cét ctia phan



o1

tir tAm, ddy ciing chinh 13 vu diém cua 1y thuyét bién dang cit cai tién so véi Iy

thuyét bién dang cit bac nht.
Ma tran khéi lugng phan tir

Cong 4o sinh ra tir luc quan tinh cta phan tr tim:

8T, = f, Tify " pD (1 = 2V?) (bt + 080 + wéw) dzd) (2.66)
0wp 0w 0wy 0w
- (25— £52) 8 (252 -1 50) |
ST, = fﬂezifhiHl p®(1 - 12[72)|_|_ (_Z% _ fzz_";s) 5 (_Z% _ fzaa_MJI/S)JI dzd
+(Wp, + V)8 (W, + W)
(2.67)

(1220 (22) + (295 (12529
() (122 + (32) 0 (2)

8T, = [, Xi ™ pP(1 = 127?) +(22) 5 (2222 4 (22 5 (1,2 2 | dzd

dy ay

+H(5)0 (625 + (5)6 (£ 53)

L+Wy, Swy, + Wy, dWs + Wedwy, + Wedwyg |

(2.68)

0FT 90F, OF' OF

b Hl b + b H2 S

0x ox ox 0x
oFY 0F, OFT OF
+ S Hz b + S 5 S
ox 0x 0x dx

. ., |0F; , OF, OF, OF;
5T, = T f 2(1 _ 12ty |—2H, =2+ = 2H dxdysq,
0e 5

dy 9y dy ?dy
OFT 9F, OFT OF
+ S , b+ S 5 S
dy dy dy 0y
F'H,F, + FTH,F,
+FTH,F, + FTH,F,
=q'M,éq, (2.69)

trong d6 ma tran khoi luong phﬁn tir Me duoc xac dinh nhu sau:
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dxdy

|+FTHyF,, + FTH,F,.

(2.70)

Khi tinh todn trong hé toa do tu nhién, ma tran khoi lugng cua phﬁn tir tim

nano duoc xac dinh nhu sau:

o[ [ Sa-sm

OF) aﬂung OF
ox ! Ox ox % ox

_#WZ o0F, OFY OF,
ox % 0x ox 3 ox

oF' 9F, OF, OF,
H, + H,

dy dy dy “ 0y
OFT 0F, OFT OF

+ S H2 b + S . S
dy dy dy 0y

FI'H,F, + FTH,F,
+FTH F, + FTH,F,

det(J) drds

(2.71)

Trong trudng hop tham sé dan hdi phi cuc bo trong mdi 16p 1a khac nhau

thi biéu thirc ma tran khéi luong phan tir tim duogc xac dinh nhu sau:
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0FT 0F, OFf OF
b H1 b + b Hz S
0x 0x 0x 0x
OFT  OF J0FT  OF
+ S , b + S . S
0x 0x 0x 0x

" - 1 r1 , aFgH an+aF},‘H OF
e_LLZm—V) 5y gty Hegy |det( drds
l OFT 9F, OFT OF,
5y "2y T oy Mgy
F'H,F, + FTH,F,
+FTH,F, + FTH,F,

(2.72)
trong d6 cac hé sé Hy;, Hyy, Hyy, Hs; duogc tinh toan nhu cong thire (2.55).

Xac dinh véc to tai trong nat cua phan tir

Véc to tai trong nuit cla phﬁn tir duoc xac dinh nhu sau:

P, = [, 1 —12V*)(Fy + F)p, dxdy (2.73)
[ 62(Fb+FS)T 7
( p dx2 1
z 2(Fp+Fs)T
Pe = fgei (Fb + Fs)sz —I? +ab—;2 }dXdy (274)
0? z i z
\ |+ (Fy +F)' (axpz + a;)_)

Cuoi cung, véc to tai trong nut cua phan tur dugc viét trong hé toa do tu

nhién c¢6 dang nhu sau:

[ az(Fb+FS)T T
( p 0x2 ]
1 z 0%2(Fp+Fg)T
P, = f_li (Fp + F)'p, — I +6bT }det(]) drds
T 0%p, 0%p;
k —+(Fb + FS) (6x2 + dy? )_)

(2.75)
Trong trudng hop tham sb dan hoi phi cuc bo trong mdi 16p khac nhau

thi biéu thirc tinh toan véc to tai trong niit phan tir ¢ dang sau:
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( [ [0%(Fp+Fs)T T
0x2
pZ + 62(Fb+FS)T
1 1 hi dy?
Po= [ [, {(Fy +F)Tp, — X 1f Y s, |(detU)drds  (2.76)
9x2
+(Fb + FS)T xazpz
ay2 /) U

CAc biéu thire tich phén trong cic ma tran, véc to phan tir (2.63)-(2.63),
(2.72), (2.76) duoc tinh bang phuong phap tich phan cau Gauss véi hai diém
tich phan.

Tir phuong trinh (2.16), v6i dang khai trién cu thé nhu (2.43) va cac ma
tran phan tir tim va véc to tai trong nit phan tir tam da thiét lap, ta thu dugc
phuong trinh cén bang cho phan tir tim nhu sau:

M.q.+C.q.+K.q. =P, (277)

trong d6 M,, K,, P, lan luot 1 c4C ma tran khoi luong phan tir, ma tran do
ctng phan tir va véc to tai trong nut phan ti, §,, g., g.1a véc to gia tdc nit phan

tu, véc to van toc nit phan tir va véc to chuyén vi nit phan tir tam nano hitu co.

Sau khi tdp hop ma tran khéi luong phan tir tim nano, ma tran do cing
phan tir tim va véc to luc nat phan tir ta duge phuong trinh chuyén dong cua
tam nano hiru co nhu sau:

M.q+ Cqg+K.q=P (2.78)
trongdoM =Y ,M,, C=Y,C,,K=Y.K,, P=73,P,lanluotla ma tran
khoi lugng téng thé, ma tran can téng thé, ma tran do cung téng thé va véc to
tai trong nut téng thé, cON § =Y. d., 7= Yodo, g= Y. q.1a véc to gia tdc nut
tong thé, véc to van tdc nut tong thé va véc to chuyén vi nut tong thé ctia tim

nano htru co.
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2.4. Xir ly bién

Xét tam voi cac diéu kién lién két khac nhau nhu lién két twa don (ky
hiéu 13 S), lién két ngam (ky hiéu 1a C). Piéu kién bién véi timg truong hop cu
thé dbi véi trudng hop tAm chir nhét nhu sau:

- Tam tua don tai x = 0 va x = a thi

wy; = 0,w; = 0,(22) =0,(3%) =0 (2.79)

oy /; 9y /;
- Tam tya don taiy =0 vay = b thi

wy; = 0,wy; = 0, (aﬂ)l =0, (al)l =0 (2.80)

ox /i ox /j

- T4m ngam tai X = 0 va x = a thi

wn = 0w =0,(52) =0.(52), (5), =0(5), =0 (281)

ay dy i

- TAm ngam tai y = 0 vay = b thi

= 0w =0.(32), 20,5 (29) =0.(2), =0 (282

ay ay

Néu tdm c6 bén canh tua don thi ky hiéu la SSSS, néu tim c6 bdn canh

ngam thi ky hiéu la CCCC.

2.5. Két luan chwong 2

Trén co s& 1y thuyét bién dang cit cai tién, 1y thuyét dan hdi phi cuc bo
va phuong phap phan tir hiru han tac gia d3 xay dung dugc ma tran d6 cimg cua
tam, ma tran khoi luong va véc to luc nat. Tir 6, nguyén 1y cong ao duoc ap
dung dé thiét 1ap hé phuong trinh chuyén dong dé giai bai toan tim nano hiru
co chiu tac dung cua tai trong tinh va tai trong thay doi theo thoi gian.

Chuong ndy cling xac dinh cac diéu kién bién cu thé cho cic md hinh

lién két khac nhau.
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Cac biéu thtrc xay dung trong chuong nay 1a co s khoa hoc dé xay dung
thuat toan va chuong trinh tinh giai bai toan tinh trong chuong 3, bai toan dao
dong riéng va dao dong cudng buc trong chuong 4.

Céc cong thirc trong chwong 2, quan hé tng xt co hoc ctia tAm nano hiru
co nhiéu 16p duoc tac gia cong bd & CAc bai bao thir 1-5 (Danh muyc cong trinh

cua tac gid).



S7

CHUONG 3 PHAN TiCH TINH TAM NANO HUU CO CO XET PEN
HIEU UNG KiCH THUOC VA KHAO SAT ANH HUONG
CUA MOT SO YEU TO

Trong chuong nay, NCS 1ap phuong trinh can bang tinh ctia tim nano hiru
co, 1ap trinh chuong trinh giai bai toan uén tinh va kiém tra do tin cdy cia
chuong trinh. Cudi cung 13 khao st tic dong cia mot sd tham sd dén dap tng
tinh cua tim nano hitu co nhu hé sd dan hoi phi cuc bo, ddc trung hinh hoc cua

két cAu nano.

3.1. Thuat toan PTHH giai bai toan udn tinh cia tim nano hiru co

Ttr phuong trinh can bang tong quat dbi voi tAm nano hitu co nhu (2.78),
b6 qua céc thanh phan lién quan dén thoi gian, phuong trinh can bang ddi véi
tdm nano hitu co chiu tai trong tinh c6 dang nhu sau:

Kq=P (3.1)
trong do: K, q, P lan luot 1a ma tran do cung téng thé, véc to chuyén V1 nut
tong thé va véc to tai trong tong thé cua tim. Chung duoc tap hop tir cac ma
tran do ctng phan tir, véc to chuyén vi phan tir va véc to tai trong phan tir nhu
da dugc trinh bay trong chuong 2.

Tir cong thire (3.1) tinh dugc véc to chuyén vi udn téng thé ctia tam theo
phuong trinh sau:

q=K'P (3.2)

So d6 thuat toan giai bai todn tim nano hitu co chiu tac dung cia tai trong
tinh nhu Hinh 3.1,

Trén co so 1y thuyét, thuat toan da thiét 1ap & trén, tac gia da viét chuong
trinh tinh Solar_Nonlocal_Static 2025 (SNS_2025) trong moi truong Matlab
dé phan tich tinh tim nano hitu co. Chuong trinh gdm cac mé dun chi yéu sau:

- M6 dun nhap s6 liéu, chia ludi phﬁn tur.
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- M6 dun giai bai toan tinh cho tim nano hitu co.

- M6 dun xuat két qua.

B0 chuong trinh Solar_Nonlocal_Static_2025 c6 kha nang giai dugc bai
toan tAm nano hiru co duéi tac dung cua tai trong tinh. Bo chwong trinh nay cho
phép xac dinh dap tmg chuyén vi, img suét ctia tim, dong thdi bd chuong trinh
tinh ciing c6 kha nang khao sat tic dong ctia tham s6 kich thudc hinh hoc, tham

s0 dan hoi phi cuc bd,... dén dap Ung tinh cua tam nano hiru co.

-
hap sb liéu dau vao: kich thudc
ludi chia, vat li€u, bién...

Tinh F, K

'

Xu ly diéu kién bién
(tu do, ngam, tua don)

'

Tinh chuyén vi va g suat

Xuat cac két qua:
chuyén vi, img suat

y
( Két thﬁc)

Hinh 3.1. So d0 thudt toan giai bai toan tdm nano hitu co chiu udn khi chiu tai

trong tinh.
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3.2. Kiém tra dé tin cdy cia chwong trinh tinh

Phan nay sé& dua ra cic vi du dé kiém tra d6 chinh xac cta Iy thuyét va
chuong trinh tinh toan dd 14p & phan trén véi ca phuong phap giai tich va
phuong phap phan ttr hitu han. Dé giai phuong trinh (2.43) bang phuong phap
giai tich, luan an sir dung dang nghiém Navier cho hai thanh phan chuyén vi
nhu sau:

o0

w (x, ) = Z i Womn stn (?) st (n%)

m=1n=1 (33)
ws(x,y) = Xim=12n=1 Wemn Sin (%) sin (%)

trong d6 m va n 1a cac s6 tu nhién, va Womn, Wemn 12 bién do cta cac chuyén vi
tuong tmg. Tai trong tic dung 1én tAm v&i bién dd Ppay cO biéu thire xac dinh

nhu sau:

P2(x,y) = Xin=1Xm=1 1P max sin (mzx) sin (%) (3.4)

m2mn
Thay céc biéu thtc (3.3) va (3.4) vao (2.43), thu duoc hé phuong trinh chi
g6m hai an s6 12 Wymn VA Wspn nhu sau:

Kll Klz]{wbmn} {Pb}
= 3.5
Koy Kool Womn) = 2, (3:5)

trong do6 cac h¢ so:

Ki1 = x*Az11 + 2421207 0% + Ap120" + 4. Az x*@?
K, = <P4Bf11 + 2Bf12)(2<P2 + Bf12)(4 + 4. Bf33)(2‘P2 (3.6)
Ky, = X4Bf11 + 2]-L?fu)(zfpz + Bf12<,04 + 4. Bf33X2<P2 .

Ky, = ‘P4Df11 + 2Df12X2<P2 + Df12)(4 + 4. Df33)(2‘P2
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P _p :(16m2Pm 16nP j(l Z| hj

an

V6l y = m/a; ¢ = m/b. Giai phuong trinh (3.5), s€ thu dugc cac bién do Wpmn

va Wsmn:

{Wbmn} _ [K11 Klz]‘l {Pb} (37)
I/Vsmn K21 K22 Ps

Thay (3.7) vao biéu thirc (3.3), ta s& thu duoc chuyén vi udn tinh ciia tim

nano hiru co tai moi vi tri can tim.

Vi du kiém chirng 1: Vi du so sanh chuyén vi udn tinh ctia tim nano c6
mot 16p xét dén anh huong cua hiéu tng kich thudc théng qua tham sb phi cuc
bo 1. Théng s hinh hoc cua tam gom chiéu dai va chiéu rong a = b = 10 nm,
chiéu day tam h bién ddi tir /10 dén a/100. Céc tham sé vat liéu gom mé dun
dan hdi E = 30 MPa, hé s Poisson v = 0.3, tai trong phan bd déu véi cudng do
Qo= 1 N/nm2, tim tua don trén céc canh.

Chuyén vi khong thir nguyén 16n nhat duoc tinh toan theo cong thic
w=10°h’w__ /(12(1—1/2)Q0a4). Ciing can luu ¥ ¢ day rang tdm chi c6 mot 1op
vat liéu nén tham s dan hoi phi cuc bo khong ddi theo chiéu day tAm. Bang
3.1 trinh bay su chinh xé4c cua két qua tinh toan bang phuong phap phan tir hiru
han (FEM) dbi v6i chuyén vi udn tinh ciia tAm nano bang cach ting dan lui
chia ph?m tlr clia tAm v&i cac tham sd dan hoi phi cuc bd khac nhau, két qua
trong bang nay ching to khi sb lugng phan tir ciia ludi chia tang 1én, két qua
tinh toan chuyén vi cta tim nano c6 do chinh xac tot hon, va véi ludi chia
16x16 phéan tir da4m bao d6 chinh xac can thiét khi so sanh véi két qua tinh bang
phuong phap giai tich dua trén 1y thuyét bién dang cat bac ba trong tai liéu [45],

do vay cac tinh toan dudi day s& st dung ludi chia nay dé tinh toan.
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Bang 3.2 liét ké két qua so sanh chuyén vi 1on nhit voi cac tham s phi

cuc bo khac nhau va tham sb chiéu day khac nhau, két qua tinh toan nay chimg

t6 cac két qua tinh toan bang cach tiép can giai tich va phuong phap mo phong

hitu han rat gdn nhau va gan véi két qua da cong bd trong tai liéu[45], su khac

biét & day 1a do 1y thuyét tinh toan cua tai liéu [45] dua trén 1y thuyét bién dang

cat bac ba, con truong chuyén vi trong luan 4n dua trén 1y thuyét bién dang cat

ca tién.

Bang 3.1. Su chinh X4c cta chuyén vi 16n nhét W ctia tim nano chiu tic dung

clia tai trong tinh, luan 4n str dung ludi chia phan tir ting dan, a/h = 10,[45] st

dung 1y thuyét bién dang cit bac ba

Két qua cua luan 4n Két qua
I | (Phuong phép phan tir hitu han véi ludi chia khac nhau) | giai tich
("M) [“6x6 | 10x10 | 14x14 | 16x16 | 18x18 | 20x20 | [45]
f, 1a ham da thuc
0 |4.394 | 4314 | 4202 | 4.287 4.283 4.281 4.185
05 | 4583 | 4506 | 4484 | 4478 | 4475 | 4472 | 4560
1 | 5151|5081 | 5059 | 5053 | 5049 | 5046 | 4.936
f, 1a ham sin
0 | 4393|4313 | 4292 | 4286 | 4083 | 4280 | 4185
0.5 | 4583 | 4505 | 4483 | 4478 | 4474 | 4472 | 4560
1 |5152|5.081 | 5058 | 5052 | 549 | °046 | 4.936
f, 1a ham sin hyperbol
0 | 4394|4314 | 4292 | 4287 | 4083 | 428l | 4185
0.5 | 4583 | 4506 | 4484 | 4478 | 4475 | 4472 | 4560
1 |5.151 (5081|5059 | 5053 | 9049 | 5046 | 40936
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Bang 3.2. So sanh chuyén vi khong thtr nguyén 16n nhat W ciia tAm nano voi

cac két qua tin toan giai tich, [45] dya trén 1y thuyét bién dang cit bac ba

Luén an Két qua giai
I tich
("m) | LAL | LA2 | LA3 | LA4 | LA5 | LAG6 [45]
a/h=10
0 [ 4261|4287 4261 | 4.286 | 4.261 | 4.287 4.185
0.5 | 4447 | 4478 | 4446 | 4478 | 4,447 | 4.478 4.560
1 | 5004 | 5.053 | 5003 |5.052 | 5.004 | 5053 4.936
a/h=50
0 |4.063]4.085| 4063 | 4.085 | 4.063 | 4.085 4.015
0.5 | 4.244 | 4.269 | 4.244 | 4.269 | 4.244 | 4.269 4.377
1 | 4786|4823 | 4.786 | 4.823 | 4.786 | 4.823 4.740
a/h=100
0 [4.057 ] 4.078 | 4.057 | 4.078 | 4.057 | 4.078 4.010
0.5 | 4.237 | 4.263 | 4.237 | 4.263 | 4.237 | 4.263 4.372
1 [4779]4816 | 4779 | 4.816 | 4.779 | 4.816 4.734

Ghi chu: LA1: Loi giai dang giai tich, f,1a ham da thtrc
LA2: Loi giai FEM, f;1a ham da thac
LAS3: Loi giai dang giai tich, f,1a ham sin
LA4: Loi giai FEM, f,1a ham sin
LAS: Loi giai dang giai tich, f,1a ham sin hyperbol
LAG6: Loi giai FEM, f,1a ham sin hyperbol

Vi du kiém chirng 2: Vi du nay kiém ching chuyén vi tai giita tim cia
tam gdm ba 19p vat liéu, 16p gitra 1am bang vat liéu ZrO, ¢ cac dic trung co
tinh [93]: Eq = 168.06 GPa, v,= 0.298, hai 16p bé mit 1am bang vat liéu SUS304
c6 cac dic trung co tinh: Epy = 207.79 GPa, vy,,,= 0.318. Tam c6 ba 1dp voi ty
1& chiéu day cac 16p 1a hi:hy:hs, ky hiéu (1-1-1) ¢6 nghia 1a chiéu day ba 16p
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bang nhau, ky hiéu (2-1-2) c6 nghia 1a chiéu day 16p giira bang mot ntra chiéu
day hai 16p bé mat, va ky hiéu (1-8-1) c6 nghia la chiéu day 16p giita gap 8 lan
chiéu day 16p bé mat. Chiéu day tong thé cta tim 1a h = a/10. Tam c0 lién két
twa don trén tit ca cac canh va chiu tac dung cua tai trong tinh va phan bd déu

cuong do 1a Qo (N/m?).

Tham s0 so sanh l1a chuyén vi tai gitta tam khong thtr nguyén cia tam dugc

b . ,
w (x = %,y = E)’ trong d6 Eo = 1 GPa. Bang

, R . _ 10Eh
tinh theo cong thirc w = —%
Q

0@
3.3 thé hién két qua so sanh chuyén vi 1én nhét cua tam nhiéu 10p voi céc ty 18
chiéu day khac nhau vé&i két qua tinh bang phuong phap phan tir hitu han dua
trén 1y thuyét tim Mindlin trong tai lidu [93]. Céac két qua so sanh trong bang
nay chimg t6 su tin cdy cta Iy thuyét va chuong trinh tinh toan ddi véi tim
nhiéu 16p & kich thudc macro (chua ké dén hiéu tng kich thudc).

Bang 3.3. So sanh chuyén vi 16n nhat W cta tdm nhiéu 16p véi cac ty 1& chiéu

day cac 16p khac nhau (I; = 0)

Ty 1é Luan 4n L

chiéu Lo1 giai

day bang FEM
; LA1 | LA2 | LA3 | LA4 | LA5 | LAG [93]

cacC

16p

1-1-1 | 0.224 | 0.225 | 0.224 | 0225 | 0.224 | 0.225 0.224

2-1-2 | 0.222 | 0.223 [ 0.222 | 9223 | 0.222 | 0.223 0.222

1-8-1 | 9247 | 0.249 | 0.247 | 0249 | 0.247 | 0.249 0.248

Vi du kiém chieng 3: Vi du nay kiém chimg chuyén vi 10n nhat va tng
suat cta tAim chiu lién két tua don, tAm vuong voi chiéu dai hai canh a = b, ty
1& chiéu dai va chiéu day tam 1a a/h = 10. Tai trong tc dung I&n tim 1a phan b

déu véi cuong d6 Qo (N/m?), céc thdng sé vat liu caa tam 1a E = 380 GPa, v =
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0.3. Cac thong sd khong thir nguyén cuia chuyén vi giita tim va Gmg suét duoc

tinh toan theo cong thirc nhu sau:

~ _ 10K°E, _a __b

W= Qoa* W(x_z’y_z) (37)
o g (x=f oyt ool |
O-xx_Qoao-xxx_zty_er_z

Bang 3.4 thé hién két qua tinh toan va so sanh chuyén vi va tng sut cla
tam voi cac két qua da cong bd trong tai liéu [94] va [95], trong d6 tai licu [94]
str dung phuong phap phan tir hitu han va 1y thuyét bién dang cit bac ba, tai
liéu [95] tinh toan dua trén phuong phap giai tich va 1y thuyét bién dang cat bac
ba. Cac két qua so sanh chimg to su tin cdy cta 1y thuyét va chuong trinh tinh
trong luan an d6i véi tim & kich thuéc macro (chuwa ké dén hiéu ung kich thudc,

li = 0).

Bang 3.4. So sanh chuyén vi W va (mg suit &,, cia tam voi cac két qua tinh
bang nhiéu cach giai khac nhau (l; = 0)

Luan an

Két qua )
giai bang Két qua
phuong tinh bang
LA1 | LA2 | LA3 | LA4 | LA5 | LA6 | phap giai FEM

tich [94]
[96]
_ 10A°E, a b
W= g W=y =)
0.465 | 0.467 | 0.465 | 0.467 | 0465 | 0.467 |  0.466 0.463
5 h a b h
Oxx = Eaxx(x = E'y = Erz = E)

2.829 | 2.887 | 2.828 | 2.839 | 2 828 | 2.887 2.892 2.893
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3.3. Khao sat anh hwéng cia mét sé6 tham sé dén dap wng udn tinh cia tam

nano hiru co

Trén co so chuong trinh da 1ap, trong muc nay, tac gia tién hanh phan
tich uén tAm nano hitu co v&i cac hinh dang, thong s6 hinh hoc, thudc tinh vat
liéu nhu mo ta dudi day.

Tam nano hitu co chiu tac dung cia tai trong tinh nhu Hinh 2.1. Céc tham
s6 hinh hoc ctia tim bao gdm chiéu dai tim 12 a, chiéu rong tim 1a b, chiéu day
la h, ty 18 a/b thay doi tir 1 dén 4, ty 1é chiéu day a/h thay d6i tir 10 dén 50. TAm
gom 5 16p vat lidu, tong chiéu day 1a h = 0.55044 nm, mdi 16p c6 chiéu day 1a
hi, ty 16 chiéu day cac 16p tuong tmg 14 550:0.120:0.050:0.170:0.100. Cac dic
trung co tinh cua ting 16p dugc cho nhu trong bang 3.5, tai trong phan bb déu

tac dung Ién tam c6 cuong do 12 Pmax.

Bang 3.5. Mot s6 dic trung co tinh timg 16p vat liéu ctia nano hiru co [48]

A M6 dun E A X Khoi 1
Thu tu 16p Vit liéu E)Gd;a) Hé so6 v rién; (kl; 721%)
1 Glass 69 0.23 2400
2 ITO 116 0.35 7120
3 PEDOT: PSS 2.3 0.4 1000
P3HT:
4 PCBM 6 0.23 1200
5 Aluminum 70 0.35 2601

Hai tham s6 dugec tinh toan va khao sat doi véi bai toan uon tinh 1a chuyén
vi va ing sudt cua diém giira tam, cadc tham s6 nay dugc chuan hoa theo cong

thirc sau:

* 10thgIass ( a bJ
W=———"—W X=7,y=—
Pmaxa 2 2 (38)



trong d6 ho =1 nm.

Pé thay ro tac dong cta hiéu Gmg kich thudc nho dén dap ung cua tim
nano hiru co, nghién clru nay tinh toan su khéc biét gitra truong hop bo qua
tham s6 dan hdi phi cuc bo |; va truong hop c6 tinh dén tham s dan hdi phi cuc

bd I;, cdng thirc tinh toan sy khac biét nay nhu sau:

oo wX(L=0) o (L=0). . o(l#0)
Diff,, = w (], :O)’ Diff | —m, Diff | _m (3.9)

- Anh hwéng ciia chiéu day tim va tham sé dan hoi phi cuc b

Pé xem xét anh hudng cia hiéu Gmg kich thudc d6i voi dap tmg chuyén
Vi va ing suét ctia tdm nano hitu co, luan an cho tham sé phi cuc bo ctia mbi
16p I bién @6i tir 0 dén 2h;, ty 1¢ chiéu dai va chiéu day cta tim bién d6i tir 10
dén 50, két qua tinh toan chuyén vl va ung suat duoc thé hién nhu trong cac
bang 3.6 va 3.7. Mot s6 nhan xét tir cac két qua tinh toan:

+ Néu tham s6 dan hoi phi cuc bo |; co gia tri cang 16n thi ca chuyén Vi
ubn tinh va tng suat clia tim nano hitu co c6 gia tri cang 16n, diéu nay ching
t6 tham s6 dan hoi phi cuc bo da 1am giam do cing ctia tAm nano hitu co.

+ Cac két qua tinh toan bang ca phuong phéap giai tich va phuong phap
phan tir hiru han véi ba 1y thuyét tam khac nhau déu cho cac két qua gan gidng
nhau, diéu nay ching t6 rang co6 thé ap dung phuong phap tinh giai tich hoic

phuong phap s6 dé giai quyét bai toan udn tinh ctia tim nano hitu co.



67

Hinh 3.2 14 d6 thi biéu dién sy khac biét cua chuyén vi udn tinh va ung
suit theo ty 18 Ii/h Gmg véi ba gié tri cua ty 18 chidu dai va chiéu day a/h, khi ty
1¢ a/h =10, thi su sai léch ctia chuyén vi va tng suit (giira hai truong hop tinh
dén tham sb phi cuc bd va bé qua tham sb phi cuc bd I;) cang rd rét khi ty 1¢ li/h
nhan gié tri cang 16n. Tuy nhién ddi voi truong hop a/h =50 thi su sai 1éch gitta
hai truong hop nay lai khong rd rét (sai léch 10n nhat ctia chuyén vi khong vuot
qua 3% tng voi li/h; = 2), diéu nay cling c6 nghia rang néu khong yéu cau do
chinh xé&c qué khat khe thi c6 thé bo qua anh huéng cua tham sé dan hdi phi
cuc bg, va s€ don gian tinh toan hon rat nhiéu.

Bang 3.6. Chuyén vi uén W* caa tdm nano hitu co phu thudc ty 1¢ a/h va tham
sb phicucbd lj, b/a=1

lifh; 0 0.2 0.5 1.0 15 2.0
a=10h
LAl 2.9347 2.9552 3.0625 3.4458 40847 | 4.9791
LA2 2.9068 2.9276 3.0365 3.4257 40742 | 4.9822
LA3 2.9345 2.9550 3.0623 3.4456 4.0845 | 4.9788
LA4 2.9066 2.9273 3.0363 3.4253 40737 | 4.9815
LA5 2.9347 2.9552 3.0625 3.4458 40847 | 4.9791
LAG6 2.9068 2.9276 3.0365 3.4257 40742 | 4.9822
a=20h
LAl 2.8375 2.8425 2.8689 2.9629 3.1196 | 3.3389
LA2 2.8091 2.8141 2.8406 2.9354 3.0933 | 3.3144
LA3 2.8375 2.8425 2.8688 2.9628 3.1195 | 3.3389
LA4 2.8090 2.8141 2.8406 2.9354 3.0933 | 3.3144
LA5 2.8375 2.8425 2.8689 2.9629 3.1196 | 3.3389
LAG6 2.8091 2.8141 2.8406 2.9354 3.0933 | 3.3144
a =150h
LAl 2.8103 2.8111 2.8153 2.8302 2.8552 | 2.8901
LA2 2.7817 2.7825 2.7867 2.8017 2.8268 | 2.8619
LA3 2.8103 2.8111 2.8153 2.8302 2.8552 | 2.8901
LA4 2.7816 2.7824 2.7867 2.8017 2.8268 | 2.8619
LA5S 2.8103 2.8111 2.8153 2.8302 2.8552 | 2.8901
LAG6 2.7817 2.7825 2.7867 2.8017 2.8268 | 2.8619
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Bang 3.7. Ung suét o, ctia tAm nano hitu co phu thudc ty 1& a/h va tham sé dan
hdi phi cuc bo I;, bla=1

lifh; 0 0.2 0.5 1.0 1.5
a=10h

LA1 4.8630 4.8818 4.9804 5.3327 5.9200

LA2 4.9602 4.9868 5.1267 5.6263 6.4590

LA3 4.8643 4.8831 4.9816 5.3333 5.9196

LA4 49621 4.9887 5.1287 5.6285 6.4615

LA5 4.8628 4.8816 4.9803 5.3327 5.9200

LAG 4.9600 4.9867 5.1265 5.6261 6.4587
a=20h

LA1 9.6945 9.7041 9.7544 9.9340 10.2334

LA2 9.8771 9.8902 9.9593 10.2059 10.6170
LA3 9.6952 9.7048 9.7550 9.9346 10.2339
LA4 9.8781 9.8913 9.9606 10.2084 10.6213
LA5 9.6945 9.7040 9.7543 9.9340 10.2334
LAG 9.8770 9.8901 9.9592 10.2057 10.6165
a=50h
LAl 24.2144 24.2182 24.2385 24.3107 24.4311
LA2 24.6627 24.6679 24.6952 24.7924 24.9545
LA3 24.2147 24.2185 24.2387 24.3110 24.4314
LA4 24.6632 24.6684 24.6957 24.7932 24.9559
LA5 24.2144 24.2182 24.2384 24.3107 24.4311
LAG 24.6627 24.6679 24.6951 24.7924 24.9544

1.8

—— Giaitich
1.7} —+— PTHH

161

1.5¢

w

=

a 1.4¢
1.3}

121 ah=50

1.1t
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a. Két qua tinh sai s6 chuyén vi bang 101 giai giai tich va PTHH

—+—PTHH: a/h=10
1.35 —e—PTHH: a/h=20
—B8—PTHH: a/h=50

0 0.5 I,/ h, 1 1.5
b. Két qua tinh sai s6 ing suat dua trén PTHH

Hinh 3.2 Biéu d6 biéu dién sai s6 cta chuyén vi (a) va ung suit (b) phu thudc
li/hi tng vé&i cac truong hop cua ty 1€ a/h, f;1a ham da thice, a/b=1

- Anh hwéng ciia ty 1¢ chiéu dai bla va tham sé dan héi phi cuc bd

Bang 3.8 va 3.9 thé hién chuyén vi va ing suit ctia tdm nano hitu co véi
truong hop ty 18 chiéu dai hai canh tim b/a va ty 1& Ii/h; nhan cac gia tri khac

nhau. Cac két qua tinh toan thé hién rang:

+ Khi ty 18 chiéu dai cac canh tdm b/a ting 1én thi d6 cimg ciia tim nano
hitu co giam xudng, két qua 1a chuyén vi uén cia tam tang nano lén, do vay
g suét cua tim ciing ting 1én. Va ciing dé dang thiy ring voi cac gia tri cua
ty 1& b/a khac nhau thi khi gi tri ctia tham s dan hdi phi cuc bo |; cang 16n, thi
su sai léch giita chuyén vi va g suit ctia tim nano hiru co so v6i truong hop

tinh theo 1y thuyét cd dién (bo qua tham sb phi cuc bo Ii). Diéu nay tiép tuc
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khing dinh rang khong thé bo qua anh huéng cua tham sb dan hoi phi cuc bo

khi tinh toan ddi véi tAm nano hitu co.

+ Két qua tinh toan bang phuong phap phan tir hiru han va phuong phap

giai tich voi ca ba 1y thuyét bién dang cit déu cho két qua rit gan nhau.

Trén hinh 3.3 trinh bay két qua tinh toan sai khac tng suét va chuyén vi
theo ty 1¢ li/h; img véi ba trudng hop cua ty 18 b/a, co thé thdy rang sy sai léch
nay tang dan khi tang gid tri cua tham sb6 dan hoi phi cuc bo |;, va su sai l1éch
nay giam dan khi ty 1é b/a tang dan. Nhu vay c6 thé thdy rang su sai léch (mg
suat va chuyén vi trong truong hop cé tinh dén 1y thuyét dan hoi phi cuc bo va
tinh theo 1y thuyét c6 dién (bé qua tham sé dan hoi phi cuc bd) phu thude vao
ca ty 1& chiéu dai cac canh cua tAm va ty 18 chiéu dai so voi chiéu day cia tim
nano hitu co.

Bang 3.8. Chuyén vi udn W* ctia tim nano phu thudc ty 1& b/a, a’h=10

li/h; 0 0.2 0.5 1.0 1.5
b=a
LAl 2.9347 2.9552 3.0625 3.4458 4.0847
LA2 2.9068 2.9276 3.0365 3.4257 4.0742
LA3 2.9345 2.9550 3.0623 3.4456 4.0845

LA4 2.9066 2.9273 3.0363 3.4253 4.0737

LA5 2.9347 2.9552 3.0625 3.4458 4.0847

LAG6 2.9068 2.9276 3.0365 3.4257 4.0742
b=2a

LAl 7.1675 7.1984 7.3609 7.9413 8.9085

LA2 7.1289 7.1607 7.3273 7.9223 8.9140

LA3 7.1672 7.1981 7.3606 7.9410 8.9082
LA4 7.1286 7.1603 7.3269 7.9218 8.9133

LA5 7.1675 7.1984 7.3609 7.9413 8.9085
LAG6 7.1289 7.1607 71.3273 7.9223 8.9140
b=4a

LAl 8.8001 8.8324 9.0024 9.6094 10.6211
LA2 8.9736 9.0082 9.1899 9.8387 10.9201
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LA3 8.7997 8.8321 9.0021 9.6091 10.6208
LA4 8.9732 9.0078 9.1895 9.8383 10.9197
LAS 8.8000 8.8324 9.0024 9.6094 10.6211
LAG 8.9736 9.0082 9.1899 9.8387 10.9201

Bang 3.9. Ung suét o, ctia tAm nano hitu co phu thudc ty 1& b/a va tham sé dan
hdi phi cuc bd I;, a/h=10

lilh; LA1 LA2 LA3 LA4 LA5 LAG
b=a
1.5 5.9200 6.4590 5.9196 6.4615 5.9200 6.4587
1.0 5.3327 5.6263 5.3333 5.6285 5.3327 5.6261
0.5 4.9804 5.1267 49816 5.1287 4.9803 5.1265
0.2 4.8818 4.9868 4.8831 4.9887 4.8816 4.9867

0 4.8630 4.9602 4.8643 4.9621 4.8628 4.9600
b =2a
1.5 12.6124 | 13.227 | 12.6124 | 13.2323 | 13.2323 | 13.2272
1.0 11.6160 | 11.9867 | 11.6176 | 11.9902 | 11.6158 | 11.9863
0.5 11.0181 | 11.2421 | 11.0202 | 11.2450 | 11.0179 | 11.2418
0.2 10.8507 | 11.0336 | 10.8529 | 11.0364 | 10.8505 | 11.0333

0 10.8188 | 10.9939 | 10.8211 | 10.9966 | 10.8186 | 10.9936
b =4a
1.5 14.8298 | 15.9255 | 14.8307 | 15.9305 | 14.8297 | 15.9250
1.0 13.7659 | 14.5756 | 13.7677 | 145796 | 13.7658 | 14.5752
0.5 13.1276 | 13.7656 | 13.1298 | 13.7691 | 13.1274 | 13.7653
0.2 12.9489 | 13.5389 | 12.9513 | 13.5421 | 12.9487 | 13.5385

0 12.9148 | 13.4957 | 129172 | 13.4989 | 12.9146 | 13.4954
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— (Giai tich
—4— PTHH
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a. Két qua tinh sai s6 chuyén vi dua trén 10i giai giai tich va PTHH

=—+—PTHH: b/a=1
1.35| —&—PTHH: b/a=2
=—8—PTHH: b/a=4

1= 1 L
0 0.5 1/h 1 1.5
T T

b. Két qua tinh sai s6 tng suit dia trén PTHH

Hinh 3.3. Biéu d6 biéu dién sai sb cia chuyén vi (a) va tmg suét (b) theo ty 1¢

li/hi tmg véi cac truong hop cua ty 1€ b/a, f,1a ham da thac, a/h=10

3.4. Két luan chwong 3

Trong chuong 3, NCS d4 trinh bay thuat toan phan tir hitu han giai quyét
bai todn udn tinh ctia tim nano hitu co. Qua cac sd liéu tinh toan, tac gia rat ra

mot so két luan chu dao:
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Pi xdy dung duogc thuit toan phan tir hitu han va chwong trinh
Solar_Nonlocal_Static_2025 (SNS_2025) tinh toan tdm nano hitu co ¢6 tinh
dén hiéu mg kich thudc. Luan an ciing dua ra 10i giai dang Navier dé kiém
chtng véi két qua tinh bang phuong phap phan tt hiru han. Két qua tinh toan
ctia phuong phap phan tir hiru han dugc so sanh véi cac két qua tinh bang
phuong phép giai tich va véi cac két qua da cong bé nham chimg minh do chinh
xac va tin cay.

Qua cac két qua khao sat, luan an nhan thay tuy thudc vao thong s hinh
hoc ctia tm, anh huéng cta hiéu Gmg kich thudc (thong qua tham s6 dan hoi
phi cuc bd) s& khac nhau. Do d6, khi thiét ké tAm nano hitu co sir dung cho
nhitng yéu cu cu thé, ngudi k¥ su can chl ¥ nhitng van dé trén dé két ciu co
thé 1am viéc dat dugc hiéu qua cao.

Noi dung ctia chuong nay da duoc cong bd trong bai bao tha 1 (Danh

muc cong trinh cua tac gid).
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CHUONG 4 PHAN TiCH PAP UNG PONG CUA TAM NANO HUU CO
CO XET PEN ANH HUONG CUA HIEU UNG KiCH THUOC
VA KHAO SAT ANH HUONG CUA MOT SO YEU TO

Trong chuong nay, luan an tién hanh 1ap phuong trinh, thuat toan va
chuong trinh may tinh giai bai toan dao dong tu do khong can va dao dong
cudng burc ¢d can cua tim nano hiru co. Pong thoi, luan an ciing 1am rd anh
hudng cia mot s6 tham sd dén dap tmg dong luc hoc cuia tAm nano hitu co nhur

hé s6 dan hoi phi cuc bd, tham s hinh hoc tam, di€u kién bién.

4.1. Bai toan dao dong riéng
4.1.1. Thudt toan PTHH va chwong trinh tinh dao dong riéng

Tir phuong trinh chuyén dong cua tim (2.78), bo qua tai trong ngoai va
b6 qua can cua két cau (bo qua tinh dan nhét) ta thu duoc phuong trinh dao
dong tu do khong can ciia tim nhu sau:

Mi+ Kg=0 (4.1)

Pé tim tan s6 dao dong tu do va cac dang dao dong riéng twong tmg cua
tam nano hitu co, gia thiét nghiém cua (4.1) ¢ dang: g = q, sin( w t), trong
d6 q, 14 bién d6 va w 14 tan s dao dong cua tam. Tir d6 phuong trinh dao dong
tur do (4.1) dan t6i bai toan tri riéng c6 dang nhu sau:

(K—Mw?)q,=0 (4.2)

Phuong trinh (4.2) 1a hé phuong trinh tuyén tinh thun nhat va c6 nghiém
khong tam thuong q, # 0 khi va chi khi dinh thirc cia ma tran (K — Mw?)
bang khong;

det(K — Mw?) = 0 (4.3)

Phuong trinh (4.3) 14 phuong trinh da thirc bac N ddi véi w?. Giai phuong

trinh nay ta tim dugc N gia tri tan s riéng w; cta két cau. Tuong tng véi mdi
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tan s riéng w; thay vao phuong trinh (4.2) ta tim duoc véc to riéng q; tuong
ung. Véc to riéng q; la cac bién do dao dong cua cac nut va dugce goi la dang

dao dong riéng cua tam tuong img vaéi tan s w;.

So d6 giai thuat giai quyét bai toan dao dong riéng tim nano hitu co duoc
thé hién nhu Hinh 4.1,

Trén co so 1y thuyét va thudt toan da chi ra & phan trén, tac gia di xay
dung bo chuong trinh tinh Solar_Nonlocal_Freevibration_2025 (SNF_2025)
trong moi trudng Matlab dé phan tich dao dong riéng tim nano hiru co dudi
cac diéu kién bién khac nhau. Chuong trinh tinh todn c6 cac mé dun chu yéu:

- Nhép s liéu, chia ludi phan tu.
- Giai bai toan dao dong riéng dbi véi tim nano hitu co.
- Xuét dir liéu két qua.

Bo chuong trinh Solar_Nonlocal _Freevibration 2025 c6 kha nang giai
duoc cac bai toan dao dong tu do cho tAm nano hitu co va xem xét anh hudng
ctia cac tham sd nhu thay ddi diéu kién bién, kich thudc hinh hoc dén dao dong

riéng cla tam.



76

e >
Nhap s6 liéu dau vao:kich thudc,
lu6i chia, diéu kién bién,...

Tinh K, M

¢

Xt 1y diéu kién bién:
Tu do, ngam, twa don

Y

Tinh tan s dao dong riéng theo (4.3)

Xuat cac két qua: Tan sd,
cac dang dao dong

y
< Két thuc >

Hinh 4.1. So d6 giai thuat giai quyét bai toan dao dong riéng tAm nano hitu co

4.1.2. Kiém tra sw héi tu va d¢ chinh xac ciia chwong trinh tinh

Pé kiém tra d6 chinh xac va do hoi tu cua chuong trinh tinh, luén 4n tién
hanh so sanh tham sb tan sé dao dong riéng khong thtr nguyén ctia tim nano
vé6i cac két qua tinh toan bang phuong phéap giai tich.

Sau day luan 4n trinh bay thém cach giai bai toan dao dong riéng bang
phuong phéap giai tich dé nham so sanh d6i chiéu véi 10i giai bang phuong phap
phan tir hitu han. D6i véi bai toan dao dong riéng, tir phuong trinh (2.43), khong

xét dén vé phai va bo qua can, luan an stir dung dang nghi¢m Navier nhu sau:

mnx nmwyy
wy(x,y,t) = Z Z Whmn Sln " )Sin (Ty) etwt (4.4)
m=1n=1
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Wo(6,Y,6) = iy Kooy Womn sin (7o) sim () el
trong d6 m va n 1a cac sb tu nhién, va Wpmn, Wsmn 13 bién do cua cac chuyén vi
tuong tng, i2 = -1, w 14 tin s6 dao dong cua tim. Thay cac biéu thic (4.4) vao

(2.43), ta thu dugc hé phuong trinh nhu sau:

Ky — My Kip— M12] {Wbmn} _ {0 4
K21 - M21 KZZ - MZZ VVsmn {0} ( 5)
trong d6 cac hé so:
Kip = x*Az11 + 24,100° 0% + Ap120% + 4. Az x*@?
K, = <P4Bf11 + ZBf12X2§02 + Bf12)(4 + 4-Bf33X2<P2
K = X4Bf11 + 23f12)(2§02 + Bf12§04 + 4. Bf33X2(P2
Ky, = ‘P4Df11 + 2Df12)(2<P2 + Df12)(4 + 4-Df33X2‘P2
~ ~ 4.6
M, = w? (Ho —Ho(x* + 9*) + Hi(x* + ¢*) — Hy(x* + ¢* + 2)(2(.02)) (4.6)
My, = w? (Ho — HoG? + 9%) + HaGr? + 02) — Hy(x* + 0* + 2x%0?))
My, = w? (Ho —Hy(2 + 95 + H,(x* + ) — H,(x* + ¢* + 2X2<P2))

My, = w? (Ho — Ho(x? + 9%) + Hs (% + 02) — s (r* + 0* + 2x%07) )

V6i y = m/a; ¢ = m/b. Giai phuong trinh (4.5), ta s& thu dugc céac tan sb dao
dong riéng kém theo cac dang riéng twong ing. Trong nghién ctru nay, luan an
str dung dang nghiém gom ba s6 hang dau tién 12 dam bao sy chinh xéac cta két

qua tinh toan.

Vi du kiém chirng 4: Vi du nay so sanh tan s6 dao dong ri€éng cia tam
nano co xét dén anh hudng cua hi¢u img kich thudc thong qua tham s6 dan hoi
phi cuc bd I. Cac thong so hinh hoc ctia tam gom chiéu dai va chi€éu rong a =b

= 10 nm, chiéu day tdm h bién d6i tir a/10 dén a/100. Cac tham sd vat liéu gom
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mo dun dan hoéi E = 30 MPa, hé sé Poisson v = 0.3, khéi luong riéng p = 1

kg/m®, tAm tua don trén cac canh.

Tan s6 dao dong riéng cua tAm & = h3a)1/\/p/—G, trongdo G = E/2(1 +
v). Su hoi tu ciia két qua tinh toan bang phuong phéap phan ti hitu han (FEM)
d6i voi tan sd dao dong riéng dau tién clia tim nano bang cach ting dan ludi
chia phﬁn tlr ctia tAm véi cac tham sd dan hoi phi cuc bo khac nhau dugc cho
nhu trong bang 4.1, cac két qua tinh toan nay cho thay rang khi s6 lugng phan
tir cua ludi chia tang 1€n, két qua tinh toan chuyén vi cia tim nano héi tu, va
v6i ludi chia 16x16 phan tir dam bao d6 chinh xéc can thiét khi so sanh voi két
qua tinh bang 101 giai dang giai tich dya trén 1y thuyét bién dang cat bac ba
trong tai liéu [45], do vay cac tinh toan dudi ddy s& st dung ludi chia nay dé
tinh toan.

Bang 4.2 trinh bay két qua so sanh tan s6 dao dong riéng dau tién véi cac
tham s6 phi cuc bd va tham sb chiéu day khac nhau, két qua tinh toan niy chtng
t6 cac két qua tinh toan bang ca phuong phap giai tich va phuwong phap phan tix
hitu han rat gin nhau va gan v&i két qua da chi ra trong tai lidu [45], su khac
biét & day 1a do 1y thuyét tinh toan truong chuyén vi cia tai liéu [45] so v&i
truong chuyén vi trong luan an 1a khac nhau.

Bang 4.1. Su hoi tu cua tan s6 dao dong riéng khong thir nguyén @ cua tim
nano khi luéi chia phan tir ting dén, a/h = 10, tai li¢u [45] sir dung 1y thuyét
bién dang cat bac ba

Két qua tinh toan tan s6 cua luan 4n bang Két qua
| phuong phap phan tu hitu han voi ludi chia khac nhau | gj3i tich
nm
(") 56 T10x10] 1414 [ 1616 | 18x18 | 20%20 [45]

f, 1a ham da thuc

0.091| 0.092 | 0.092 | 0.092 | 0.092 0.092 0.093
1 10.083|0.084 | p.084 | 0.084 | 0.084 0.084 0.085
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2 |oo077|0078 | 0078 | 0078 | 0.078 | 0078 0.079
f, 1a ham sin
0 [0.091|0.092 | 0.092 | 0.092 | 0.092 0.092 0.093
1 |0.083|0.084 | 0.084 | 0.084 | 0.084 0.084 0.085
2 |0.077]0.078 | 0.078 | 0.078 | 0.078 | 0.078 0.079
f, 1a ham sin hyperbol
0 |0.091]0.092 | 0092 | 0092 | gpggp | 0092 0.093
1 ]0.083|0.084 | 0084 | 0084 | gpogg | 0.084 0.085
2 0077|0078 | 0078 | 0078 | gg7g | 0078 0.079

Béang 4.2. So sanh tan s6 dao dong tu nhién dau tién @ cua tam nano vdi cac

két qua giai tich, tai liéu [45] 4p dung 1y thuyét bién dang cét bac cao

Két qua

I LAl | LA2 | LA3 | LA4 | LAS | LAG giai tich

(nm) [45]
a=10h

2 10.0798|0.0786 | 0.0798 | 0.0786 | 0-0798 | o 9786 0.0791

1 |0.0861 |0.0848 | 0.0861 | 0.0848 | 0.0861 | 0.0848 0.0854

0 | 0.0944 |0.0928 | 0.0944 | 0.0928 |0.0944 | 0.0928 |  0.0935
a=20h

2 10.0202|0.0201 | 0.0202 | 0-0201 | 0.0202 | 0.0201 0.0202

1 |0.0218|0.0217 | 0.0218 | 0.0217 | 0.0218 | 0.0217 0.0218

0 |0.02390.0238 |0.0239 | 0.0238 | .0239 | 0.0238 0.0239

Ghi chu: LA1: Loi gidi dang gidi tich, f,1a ham da thiic

LA2: Loi giai FEM, f;1a ham da thac

LA3: Loi giai dang giai tich, f,1a ham sin

LA4: Loi giai FEM, f, 1a ham sin




80

LAS5: Loi giai dang giai tich, f,1a ham sin hyperbol
LAG6: Loi giai FEM, f,1a ham sin hyperbol

4.1.3. Két qud tinh toan sé khdo sét dnh hwéng ciia mét sé tham sé dén ddap

irng dao déng riéng cia tdm nano hitu co

Phan nay trinh bay tinh todn d6i v6i tim nano hitu co véi cac thong sd nhu
& muc 3.3. Bang 4.3 trinh bay két qua tinh toan tan s6 dao dong riéng dau tién
ciia tim nano hitu co va Bang 4.4 thé hién su bién ddi cua 6 tan sb dao dong
riéng dau tién cta tAm nano hitu co phu thudc vao ty 18 li/h; img v6i cac gia tri
khac nhau cua ty s6 a/h, bang viéc nhin vao cac sb liéu ndy, chling ta thay rang
khi tang ty 18 Ii/h; thi tan sé dao dong riéng cua tAm giam xudng, va khi tim
cang mong (thé hién & ty 1& a/h cang 16n) thi su giam cua tan s6 dao dong riéng
dau tién ctia tim cang khong rd rét.

Hinh 4.2 thé hién su khéac biét ctia tan s6 dao dong tu nhién dau tién trong
truong hop tinh dén anh huong cua tham s dan hoi phi cuc bd va bo qua anh
huong cta tham sb ndy, ngudi ta thay rang khi tim cang mong (ttc ty 1& a/h
cang 16n) thi sy khac biét tan s6 dao dong riéng dau tién giita hai truong hop
nay la cang nhd, vi du nhu truong hop a/h=50, su khac biét giira hai truong hop
1a chua dén 4%, néu khong can d6 chinh x4c cao, co thé khong can tinh dén
anh huong cua tham sé dan hoi phi cuc bo Ii. Nhung véi ty 1& a/h=10, ta nhan
thay rang khi ty 18 li/h; cang 16n thi viéc bé qua anh hudng ctia tham sb dan hoi
phi cuc bo l; s& khong con chinh xéc khi tinh todn dao dong riéng ctia tam nano
hitu co. Piéu nay ciing dugc xéac thuc thong qua hinh 4.3, véi ty 18 a/h = 10 thi
su khac biét ctia cac tan sb giita hai truong hop khi ty 18 Ii/h; ¢6 gia tri 16n thi
cang rd rét. Hinh 4.4 trinh bay bdn dang dao dong riéng dau tién cua tAm nano

hiru co tng voi truong hop tinh theo f; 1a ham da thiec.
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Béang 4.3. Tan s0 dao dong tu nhién dau tién w7 ctia tam nano hitu co phu thude

vao a/h va tham sb dan hdi phi cuc bg, b/a = 1, @ = @ [p, e/ E e

li/h; LAl LA2 LA3 LA4 LA5 LA6
a=10h
2.0 0.0430 0.0423 0.0430 0.0423 0.0430 | 0.0423
1.5 0.0478 0.0471 0.0478 0.0471 0.0478 0.0471
1.0 0.0525 0.0517 0.0525 0.0517 0.0525 0.0517
0.5 0.0561 0.0552 0.0561 0.0552 0.0561 0.0552
0.2 0.0572 0.0563 0.0572 0.0563 0.0572 0.0563
0 0.0575 0.0565 0.0575 0.0565 0.0575 0.0565
a=20h
2.0 0.0133 0.0132 0.0133 0.0132 0.0133 0.0132
1.5 0.0138 0.0137 0.0138 0.0137 0.0138 0.0137
1.0 0.0142 0.0141 0.0142 0.0141 0.0142 0.0141
0.5 0.0144 0.0144 0.0144 0.0144 0.0144 0.0144
0.2 0.0145 0.0144 0.0145 0.0144 0.0145 0.0144
0 0.0145 0.0144 0.0145 0.0144 0.0145 0.0144
a=50h
2.0 |0.002303 | 0.002298 | 0.002303 | 0.002298 | 0.002303 | 0.002298
1.5 | 0.002319 | 0.002314 | 0.002318 | 0.002314 | 0.002319 | 0.002314
1.0 | 0.002330 | 0.002325 | 0.002330 | 0.002325 | 0.002330 | 0.002325
0.5 |0.002337 | 0.002332 | 0.002337 | 0.002332 | 0.002337 | 0.002332
0.2 | 0.002339 | 0.002334 | 0.002338 | 0.002334 | 0.002339 | 0.002334
0 ]0.002339 | 0.002334 | 0.002339 | 0.002334 | 0.002339 | 0.002334
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Bang 4.4. Sau tan sd dao dong tu nhién dau tién w; cua tam nano hitu co phu

thudc vao a’h va tham s dan hoi phi cuc b, f, 1a ham da thic, b/a = 1,

&, = 0N Pyass | Egs
li/h; w1 w5 w3 Wy Ws wWe
a=10h
2.0 0.0423 | 0.0785 | 0.1017 | 0.1142 | 0.1283 | 0.1445
1.5 0.0471 | 0.0931 | 0.1245 | 0.1416 | 0.1612 | 0.1836
1.0 0.0517 | 0.1107 | 0.1550 | 0.1802 | 0.2102 | 0.2451
0.5 0.0552 | 0.1276 | 0.1894 | 0.2274 | 0.2762 | 0.3365
0.2 0.0563 | 0.1339 | 0.2040 | 0.2490 | 0.3095 | 0.3878
0 0.0565 | 0.1352 | 0.2072 | 0.2538 | 0.3173 | 0.4006
a=20h
2.0 0.0132 | 0.0292 | 0.0420 | 0.0497 | 0.0592 | 0.0710
1.5 0.0137 | 0.0316 | 0.0468 | 0.0562 | 0.0682 | 0.0833
1.0 0.0141 | 0.0337 | 0.0514 | 0.0627 | 0.0779 | 0.0975
0.5 0.0144 | 0.0352 | 0.0549 | 0.0680 | 0.0861 | 0.1104
0.2 0.0144 | 0.0356 | 0.0560 | 0.0697 | 0.0889 | 0.1151
0 0.0144 | 0.0357 | 0.0562 | 0.0700 | 0.0894 | 0.1161
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Hinh 4.2. Sy khac biét cta tan s6 dao dong riéng thir nhat ctia tim nano hiru
co trong trudng hop co tinh dén anh hudng cua hiéu Gmg kich thudc va truong
hop bo qua hiéu ing kich thudc, f; 1a ham da thire

14

0.9
0.8
0.7
a:e
a
0.6 Mode 1
Mode 2
0.5 Mode 3
Mode 4
0.4 —+— Mode 5 :
—+— Mode 6

0 0.5 1 |/h. 1.5 2

Hinh 4.3. Su khac biét ctia sau tan s6 dao dong tu nhién dau tién ctia tim nano
hitu co trong truong hop bo qua hiéu ung kich thude va truong hop ¢ tinh
dén anh huong cua hiéu tmg kich thude, f, 1a ham da thuc.
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Dang dao dong thir 3 Dang dao dong thir 4
Hinh 4.4. Bon dang dao dong riéng dau tién ctia tam nano hiru co ing vai ly

thuyét tim str dung ham f, dang da thirc, a/h=10, KQ giai tich

4.2. Bai toan dao dong cwdong b

4.2.1. M0 hinh bai toan

Xét tam nano hiru co chiu tic dung cua tai trong bién doi theo thoi gian

dugce mo ta nhu hinh 4.5.
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y
Hinh 4.5. M6 hinh bai toan tm nano hiru co nhiéu 16p chiu tac dung cua tai
trong vudng goc voi mit phang tim va bién doi theo thoi gian

4.2.2. Thugt toan PTHH va chwong trinh tinh

Phuong trinh dao dong cudng birc ¢d can clia tim nano hiru co nhu (2.78)
duge viét lai nhu sau:
MG+ C4g+ Kq=F 4.7)
Hé phuong trinh vi phan cdp hai thé hién dao dong co6 can cia két cau
(4.7) 12 hé phuong trinh vi phan cap hai tuyén tinh c6 hé s6 1a hiang sb. C6 hai
phuong phap chinh dé giai hé (4.7) 1a phuong phap tich phan truc tiép va
phuong phép chdng mode.
- Phuong phap tich phan tryc tiép bao gom cac phuong phap nhu:
Phuong phap Newmark, phuong phép sai phan trung tdm, phuong phap Houblt,
phuong phap Wilson 0, ...trong d6 phuong phap Newmark on dinh khong ¢

diéu kién.
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- Phuong phép “chdng mode”: Pay 1a mot phuwong phap thudng ap dung
dé giai phuong trinh dao dong cudng birc, dic biét c6 loi khi tan dung duoc két
qua bai toan dao dong riéng, tuc 1a st dung cac dang dao dong ri€ng (mode).

Lu4n 4n str dung phuong phép tich phén tryc tiép Newmark dé giai quyét
phuong trinh vi phan (4.7), tom tat thuat toan nhu sau:

- Néu phuong trinh dao dong tong quat ciia tAm nano c6 dang:

Mi+ Ci+ Kg=F (4.8)

Biét nghiém cua (4.8) tai thoi diém t trong img v6i bude tinh thir s. Xac
dinh nghiém cua bai toan tai thoi diém t+At twong tmg budc tinh thir s + 1

M, 1q541 + Cs419541 + Ksi1Gs541 = Fopq (4.9)

Burde 1: Xac dinh cac dién kién dau.

q(0) = q0; 4(0) = qo; §(0) = My*(Fy — Koqo — Coqo) (4.10)

Buéc thoi gian tinh toan: At = %

vai N 1a tong s6 budce tinh. Cac hé so:

2 ZaN 2 1 ZaN
Q=i = e, =~ =-— L, =" - 1
yAt? YAt yAt

Gia tr1 ay, y duogc xac dinh theo gia thiét gia tri gia tdc thay doi tuyén tinh
trong budc tinh:

. . T . . ;o N

q(®) =q, + A_t(qs"'l — ) VOi ts < T < tgyq Vatsy = ts + AL

Pé dam bao d6 hoi tu cta nghiém, chon ay = % Y = %.

Buoc 2: Tinh ma tran do cing va véc to tai trong hi¢u dung.

F* =Fgy + M(aoq; + ayq; + azq;) + C(a,q; + a,q; + asq;) (4.13)

Buoce 3: Xac dinh cac dai luong can tim.
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- Véc to q4,, theo phuong trinh:

Koi1.9s541 = Foyq (4.14)

- Cac véc to s41, Gs4+q theo cac phuong trinh:

Gs+1 = ao(Gs1 — qs) — azq5 — azq; (4.15)
qs+1 = qs + asqs + arqs41 (4.16)

Thuc hién 1ap lai cho dén khi hét thoi gian khao sat.

So do giai thuat giai quyét bai toan dao déng cudng birc tim nano hitu
co nhu Hinh 4.6.

Trén co so Iy thuyét va thuét toan phan tir hitu han trinh bay & trén, tc gia
da xdy dung bd chuong trinh tinh Solar_Nonlocal _Dynamic_2025
(SND_2025) trong méi truong Matlab dé tinh toan tim nano hiru co chiu tac
dung cua tai trong dong. Chuong trinh may tinh gdm cac mé dun chinh sau:

- Nhép s liéu, chia ludi phan ti.

- Giai bai toan dong luc hoc cho tdm nano hitu co.

- Xuét dir liéu két qua.

Bo chuong trinh Solar_Nonlocal_Dynamic_2025 c6 kha nang giai quyét
dugc bai toan dao dong cudng bic tuyén tinh cho tim nano hitu co dudi tac
dung cua tai trong dong. Bo chuong trinh nay cho phép xac dinh dap tng
chuyén vi cudng bic, van tdc, gia téc cia tim, dong thoi chuong trinh ciing
cho phép khao sat anh huong cua cac yéu td nhu thay ddi diéu kién bién, kich

thudc hinh hoc, dang tai trong dén dap ung dong cia tam.
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Y
Nhap s6 liéu dau vao: kich thudc
ludi chia, At, N, &y, 0,...

Tinh céac dai luong

Ka M: C, qo’qo’qm K*
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Tinh F~
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Hinh 4.6. So d6 giai thuat dbi voi bai toan dao dong cudng birc

cho tAm nano hitu co.
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4.2.3. Kiém tra swtin cdy ciia chwong trinh tinh

Vi du kiém chirng 5: Vi du ndy so sanh chuyén vi cudng birc cta tim,
tam hinh vuéng c6 chiéu dai canh a = 0.45m, h = a/10, E =3 GPa, v = 0.34, p
= 1200 kg/m?®. Tam chiu tac dung cua tai trong c6 quy luat dang hinh tam giac
phan bd déu vai bién do Py, = 500 kPa c6 quy luat thay doi theo thoi gian (T, =
0.01s) nhu hinh 4.7.

Chuyén vi tai giita tim duoc tinh toan tai mdi thoi diém va so sanh véi
két qua trong tai liéu [96] va trinh bay nhu trén hinh 4.8, két qua nay chimg to
su ding dan va tin cdy cua thudt toan va ctia chuong trinh tinh toan ma luan an
da lap.

T

0 T, "

Hinh 4.7. Quy luét bién ddi cua tai trong theo thoi gian

0.15 , , , ‘
===-Luin 4n
5 —— [96]
0.1Ff-k-- n ------- ﬁ ------- e B T -
oosi |||} f‘ ....... AA

=
g 0} : 1 !
= U """ I
005 V -------- /- TRTARR
o4 ; | | 1
0 5 10 ¢ (ms) 15 20 25

Hinh 4.8. So sanh dap tmg chuyén vi diém gitra tAm theo thoi gian.
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4.2.4. Két qud tinh toan sé

Phan nay sé& trinh bay céc két qua tinh todn s6 nham lam rd dnh hudng cua
mot s6 tham sé dén chuyén vi cudng buc clia tim nano hitu co theo thoi gian,
tam nano hitu co 6 c4c thong sé kich thudce hinh hoc va vat liéu nhu muyc 3.3,
tam chiju tai trong phan bd déu va bién d6i theo quy luat:

Pz = Po. F(t) (4.17)

trong d6 Py 1a bién d¢ tai trong, con ham F(t) bién d6i theo thoi gian va co hai

dang sau:
Tai trong dang hinh sin
! ( t) 0<t<t
Fy={""\%y) "=t=h (4.18)
0 t>t,
vOity =5 ms.

Tai trong dang hinh tam giac:

t
1—— <t<
F(t) = t, O=t=t (4.19)

0 t>t,
Thong s6 khao sat 1a chuyén vi tai vi tri gitta tAm thay dbi theo tham s6
thot gian véi cong thire:

wr = Aty (3, ”); a,=10h (4.20)

T 12pgad " \2’2
Trong cé4c két qua tinh toan dudi day, chiéu day h cta tim khong thay ddi
h = 0.55044 nm, tai mdi vi du s6 duéi day tham sé chiéu dai canh tam a, b ¢6

thé thay doi.
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Tham sb can cua tdm nano hitu co duogc tinh theo cdng thirc khdng thir

nguyén cua tham sé dan nhét a = EL trong truong hop tong quat, tham sd can

Al’
nay phu thudc vao dac trung tirng loai vat li¢u, va can phai co6 thi nghiém dé
xé4c dinh chinh xac hé sb nay. Tuy nhién, dé thuan loi cho qua trinh tinh toan,
luan 4n chi xem xét truong hop tham s can khong thay doi trong tat ca cac 16p

vat li¢u, gia tri cia tham s6 can duoc léy trong pham vi tu 0 dén 10,
- Anh hwéng ciia tham sé cin

Su bién doi cua chuyén vi gitra tam theo tho1 gian tuwong (rng vo1 cac gia
tri khac nhau ctia hé s6 can dugc thé hién nhu trén cac hinh 4.9-4.12, mot so

nhén xét dugc luan an rdt ra nhu sau:

- Trong truong hop khong xét dén can, trong thoi gian ngoai luc tac dung,
tam dao dong cudng burc theo ngoai luc, nhung khi tai trong ngoai ngimg tac
dung thi tAm sé tiép tuc dao dong tu do quanh vi tri 0 va khong bi tat dan. Nhung
khi xét dén can cua két cAu thi khi ngoai luc ngimg tac dung, dao dong cuia tim
s& giam dan. Khi ting hé sd can, chuyén vi sé tién dan vé 0 nhanh hon, diéu
nay 1a do ning luong dao déng ctia tAm bi tiéu hao boi can s& nhanh hon. Va
véi tham s6 can a = 10 thi dao dong ciia tim nano tat dan nhanh sau khi ngoai
luc ngimg tac dung, do vy c6 thé xem gia tri ctia tham sb can niam trong khoang
gia tri 0-101a ving gia tri cta tham s6 can d6i v6i tim nano hitu co ¢6 cac dic
trung kich thudc hinh hoc va vat liéu nhu trong luan an da xét.

- Trong qua trinh dao dong cudng buc (luc kich thich van con tac dung):
hé s6 can cang 16n thi chuyén vi 16n nhat ctia tim cang nho, diéu nay ciing 14

do nang lugng bi ti€u hao mot phan boi can cua két cau.
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Hinh 4.9. Su bién d6i cua chuyén vi theo thoi gian va theo thong sb can khéc
nhau, tim lién két tya don trén cic canh (SSSS), tai tam giac, f, 1a ham da
thire, li/h; = 1, a/h=50, t*=t/2t;

R
e
Wl | ~ ‘ ——a=0

Hinh 4.10. Sy bién dodi ctia chuyén vi theo thoi gian va theo thong s6 can khac
nhau, tim lién két ngam tat ca cac canh (CCCC), tai tam giac, li/h; = 1, a/h=50
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Hinh 4.11. Su bién ddi caa chuyén vi theo thoi gian va theo thdng sé can khac
nhau, SSSS, tai hinh sin, li/hi =1, w = 5w, a/h=50, t*=t/2t,

1
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Hinh 4.12. Sy bién ddi cua chuyén vi theo thoi gian va theo théng sé can khéc
nhau, CCCC, tai hinh sin, li/hi =1, w = 5m, a/h=50
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- Anh hwéng ciia chiéu dai cac canh tim

Thay ddi chiéu dai canh b ctia tAm sao cho ty 18 b/a nhan gia tri tir 1 dén
4, két qua tinh toan chuyén vi 16n nhat bién doi theo thoi gian dugce trinh bay
nhu trén cac hinh 4.13-4.16, br?mg viéc nhin vao cac hinh vé nay, luan an dua

ra mot sO nhan xé&t:

- Khi ty 1¢ chiéu dai cac canh tdm b/a ting 1én, chuyén vi 16n nhat cta tim
cling ting 1én. thém vao do6, hinh dang bién ddi theo thdi gian ciing khac nhau

khi ty 1¢ b/a khac nhau.

- TAm chiju lién két ngam s€ c6 bién do chuyén vi bé hon tim chiju lién két
tua don, hinh dang bién doi theo thoi gian cua chuyén vi ddi véi tAm chiu lién
két ngam ciing khac d6i v6i tAm chiu lién két tya don, ngoai ra thoi gian chuyén
vi giam vé 0 cua tdm chiu lién két ngam cling nhanh hon so véi tam chiu lién
két tya don. Pidu nay chimg to rang diéu kién bién va ty 1é b/a khong nhiing
anh huong dén gia tri 16n nhat ma con anh huong dén hinh dang cua duong

bién doi theo thoi gian cua chuyén vi, cling nhu thoi gian chuyén vi gidm veé 0.

10

.M

-10 v

-15
0 0.2 0.4 0.6 0.8 1

t*
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Hinh 4.13. Sy bién doi caia chuyén vi theo thoi gian va ty 1é b/a, SSSS, tai
hinh sin, li/hi = 1,a = 10, w = 5m, a/h=50

2

b/a=1
1.5 A A b/a=2 |
/ \ b/a=4
1
20
0.5 \\/l Hj

_ISJ
0 0

-1.5

VoV

2 0.4 ¢ 0.6 0.8 1

2

Hinh 4.14. Sy bién doi cta chuyén vi theo thoi gian va ty 18 b/a, tam lién két
ngam tat ca cac canh (CCCC), tai hinh sin, li/h; = 1, = 10, w = 5m, a/h=50

10

T
\
\
|
\
|
|
\
\
|

— b/a=1
—— b/a=2
b/a=4
0.2 0.4 (= 0.6 0.8 1

Hinh 4.15. Sy bién doi cua chuyén vi theo thoi gian va ty 18 b/a, tim lién két
tua don trén tat ca cac canh (SSSS), tai tam giac, Ii/hi = 1, = 10, w = 5m,
a/h=50
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Hinh 4.16. Sy bién doi cia chuyén vi theo thoi gian va ty 18 b/a, tam lién két
ngam tat ca cac canh (CCCC), tai tam giéc, li/hi = 1,a = 10, w = 5m, a/h=50

- Anh hwéng ciia tham sé dan hoi phi cuc bj

Trén céc hinh vé& 4.17-4.18 trinh bay su bién ddi theo thoi gian ciia chuyén
vi gitta tAm tng voi cac gia tri khac nhau cta ty 18 Ii/hi. Khi ty 18 1i/h; c6 gia tri
cang 16n thi chuyén vi 16n nhat ciia tim cang 16n. Tuy nhién, hinh dang bién
d6i ctia chuyén vi giita tAm theo thoi gian khong thay doi dang ké khi ty 18 Ii/h;

bién doi.
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Hinh 4.17. Su bién doi ctuia chuyén vi theo thoi gian va ty 18 Ii/h;, tim lién két
tira don trén tat ca cac canh (SSSS), tai hinh sin, b/a = 1, = 10, w = 5,

a/h=50
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Hinh 4.18. Sy bién doi cua chuyén vi theo thoi gian va ty 1é li/h;, tim lién két
tya don trén tt ca cac canh (SSSS), tai tam giac, b/a=1, « = 10°, w = 5m,
a/h=50
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- Anh hwéng ciia tan sé tdi trong tic dung lén tim

Pé xem xét phan timg dong cua tam nhu thé nao ddi véi tan sb kich thich,
luan &n chon tan sb kich thich dung bang tan so riéng dau tién cua tim (w =
w1ty), két qua tinh toan chuyén vi gilra tAm duoc thé hién nhu trén cac hinh vé

4.19-4.23, cac nhan xét duoc rut ra nhu sau:

- Trong truong hop tan sb ngoai luc dung bang tan s6 dao dong ty nhién
ctia tdm, chuyén vi ciia tAm ting dan theo thoi gian, ddy chinh 13 hién tugng
cong hudong d6i voi tAm nano hitu co.

- Ty 1é b/a cang 16n thi bién do ciia chuyén vi 10n nhat s& cong huong cang
16n, diéu kién bién ciing anh hudng dén hinh dang ctia duong cong hudng cua
chuyén vi.

- Hé s6 can cang 16n, thi chuyén vi cong huong cang cham, diéu nay la do

nang lugng cua tam nano hitu co b1 mat mat cang 16n.

400

b/a=1
b/a=2 i
b/a=4 ‘

300

200

100
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Hinh 4.19. Sy bién doi ciia chuyén vi theo thoi gian va ty Ié b/a, tam lién két
tya don tat ca cac canh SSSS, tai hinh sin, li/hi = 1,a = 10%, w = w4 t;,
a/h=50
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Hinh 4.20. Sy bién doi caa chuyén vi theo thoi gian va ty 18 b/a, tam lién két
ngam tat ca cac canh CCCC, tai hinh sin, lifhi = 1,a = 108, w = w,t;, a/h=50
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Hinh 4.21. Sy bién doi ctia chuyén vi theo thoi gian va hé sb can a, tam lién
két twa don trén tat ca cac canh (SSSS), tai hinh sin, li/hi = 1, = w4t;, b/a

=2, a/h=50
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Hinh 4.22. Su bién doi caa chuyén vi theo thoi gian va hé sb can a, tam lién
két ngam tat ca cac canh (CCCC), tai hinh sin, li/hi = 1, = w4 t;, b/a =2,
a/h=50

(7]
=
T

0.1

Hinh 4.23. Sy bién d6i cua chuyén vi theo thoi gian va ty 1é li/h;, tim lién két
tua don trén tat ca cac canh (SSSS), tai hinh sin, @ = 10, w = w;, t;, b/a =1,
a/h=50
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4.3. Két luan chwong 4

Trong chuong 4 tac gia da tinh toan bai todn dao dong riéng khong can,
dao dong cudng birc ¢6 can cua tAm nano hitu co. Qua do, tac gia tom gon mot
s6 két qua chinh trong chwong nay nhu sau:

Pi xay dung dugc chuong trinh may tinh dé phan tich dao dong riéng
ctia tim nano hitu co Solar_Nonlocal_Freevibration 2025 (SNF_2025). Két
qua tinh toan cta chuong trinh duoc so sanh véi cac két qua di cong bd cho
thay do chinh xac va tin cay.

Lu4n 4n d4 chi ra anh hudng ctia tham sb dan hdi phi cuc bo va chiéu day
tam dén tan s6 dao dong riéng ctia tAm nano hiru co khi sir dung ca 10i giai bang
phuong phap phan tir hiru han va 101 giai bang phuong phap giai tich. Két qua
tinh toan cho thay dbi voi tim day (a/h=10) thi anh hudng ctia tham s6 dan hoi
phi cuc bo thé hién rd rét, tuy nhién véi tim mong (a/h=50) thi anh huong cua
tham s nay rat mo nhat, do vay néu khong yéu ciu qué cao vé do chinh xéc thi
c6 thé bo qua tham s6 dan hdi phi cuc bd khi tinh toan cho tam nano mong.

Luan an da xay dung duogc chuong trinh tinh toan phan tich dao dong
cudng buac cho tim nano hitu co chiju tac dung tai trong dong
Solar_Nonlocal_Dynamic_2025 (SND_2025) c6 d6 chinh xac va tin cdy tot.

Luan an da khao sat anh hudéng cua mot s6 tham s hinh hoc, vt liéu,
ngoai lyc anh huéng dén dap tmg dong luc hoc ctia tAm nano hiru co. Két qua
tinh toan cho thdy c6 mot s6 tham sé anh huong 16n nhu ty 1é chiéu dai cac
canh cuia tim, hé s can, tan sb cua ngoai luc kich dong. Qua céc két qua tinh
toan, luan 4n nhan thiy ving gia tri ctia tham sé can 1a tir 0-10"* khi tinh toan
d6i v6i tAm nano hitu co gdm céc dic trung kich thude hinh hoc va vt liéu nhu
trong luan 4n dé xuat. Do d6, khi thiét ké tAm nano hitu co sir dung cho nhiing
yéu cau cu thé, ngudi ky su can luu ¥ nhimg van dé trén dé két cau hoat dong

dat dugc hi€u qua cao.
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Két qua tinh toan trong chuong nay da dugc NCS trinh bay trong bai bao
s6 2, 1y thuyét tinh toan dugc trinh bay trong cac bai 2-5.
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KET LUAN VA KIEN NGHI

1. Nhitng dong gop méi cia luan an

Thong qua str dung 1y thuyét dan hoi phi cuc bd va phuwong phap PTHH,
ludn 4n da phan tich dap tng udn tinh va dap tng dong cua tim nano hitu co
nhiéu 16p c6 xét dén hiéu tng kich thudc. Luan an di thuc hién dugc mot sd
dong gdp mdéi nhu sau:

- b4 thiét 1ap md hinh, xay dung cic phuong trinh co ban cho tim nano
hitu co trong truong hop tong quat cling nhu trong bai toan uén khi chiu tai
trong tinh, dao dong tu do va dao dong cudng birc trong truong hop c6 ké dén
hiéu ung kich thude nho.

- Str dung phuong phap PTHH, 1y thuyét dan hoi phi cuc bd xay dung
thuat toan giai bai todn uén ctia tim chiu tai tinh, dao dong tu do va dao dong
cudng birc ctia tim nano hitu co ¢ xét dén hiéu ung kich thude. Két qua cho
thay su khac biét khi st dung 1y thuyét dan hdi phi cuc bo (xem xét anh hudng
ctia hiéu tmg kich thudc nho) va 1y thuyét dan hdi thong thuong (B6 qua anh
hudng cua hiéu tng kich thudc nho).

- Xay dung bd chuong trinh SNS 2025, SNF 2025, SND 2025 tinh
chuyén vi udn va ng suat trong truong hop tim nano chiu tai trong tinh, tan sé
dao dong tu do, chuyén vi cudng birc ddi véi tAm nano hitu co gdm nam 16p
vat lidu c6 xét dén anh hudng cua hiéu tmg kich thuéc nhé. Chuong trinh da
dugc kiém chimg sy chinh x4c va tin ciy.

- P4 nghién ctru anh hudng cua cac tham s6 nhu hé s6 dan hoi phi cuc
b, kich thudc hinh hoc, hé sb can, diéu kién bién, tan sb kich dong dén dap
tmg udn, dao déng tur nhién, dao dong cudng birc co can cua tAm nano hitu co
c6 xét dén hiéu tng kich thude. Cac két qua tinh toan cho thdy anh huéng cta
hiéu ung kich thudc tré 1én dang ké khi tim c6 chiéu day 1én, khi tdm cang

mong thi hi€u ung kich thudc cang tré nén mo nhat. Do vay, doi véi tam méng
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(a/h> 50) thi néu khéng can d6 chinh x4c cao, ta c6 thé bo qua anh hudng cla
hi¢u tmg kich thudc nhd dé d& tinh toan. Tir d6 lun an rat ra nhiing nhan xét
co gia tri khoa hoc va thyc tién.

- B s0 liéu tinh toan cua luan 4n c6 thé tham chiéu khi thiét ké két cau
dang tAm nano hitu co chiju cac loai tai trong tinh, tai trong dong nhu cac bo

tich trtt nang luong ¢& nho, cam bién, chip dién tu, sensor.

2. Huéng phat trién tiép theo ciia lun an

- Nghién ctru dao dong cua tAdm, vo nano hitu co chiu tac dung cua cac
loai tai trong co hoc khac nhau c6 xét dén anh hudng cua dién trudng, dién
truong, nhiét d6. Vi ddy 1a nhiing loai tai trong phuc tap thudng xuét hién trong
cac chip dién tir, vi mach cd nho.

- Nghién ctru dao dong ngiu nhién cua cac két cau dam, tdm, vo nano
hitru co trong mo1 truong nhié¢t do. Pay 1a cach mo tai tai trong phu hop véi thuc
té k¥ thuat, do d6 c6 nhiéu ¥ nghia thyc tién.

- Nghién ctru sy xuat hién va phat trién khuyét tat vét niit trong cac két
cu nano hitu co. Diéu nay lam cho cdc nha khoa hoc du doan kha nang hu
hong, dua ra khuyén cdo phu hop cho cac nha thiét ké va sir dung.

- Nghién ctru 6n dinh dong cuia tim nano hitu co trong méi truong dan
nhdt chiu tac dung cua céc loai tai trong co hoc.

- Tinh toan céc két cau nano hiru co cé cac dang khuyét tat nhu vét nut,
16 rdng, su tach 16p giita cac 16p vat liéu cua tAm nano hiru co trong qué trinh
chiu luc. Vi cac dang khuyét tat nay thudng xuyén xuat hién d6i véi cac két cau
nhiéu 16p trong qua trinh lam viéc. Cac khuyét tat nay lam thay do6i do ctmg va
d6 bén, do vay lam thay d6i kha niang chiu tai, viéc nghién ctru dap tng co hoc

cua chiing 1a van dé€ c¢6 nhiéu y nghia trong thyc tién.
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