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MO PAU

1. Tinh cép thiét ciia ludn an

Tiéu thu nang luong la nhu cau tat yéu cua tién b x& hoi, trong nhiing
nim trude day, dé phuc vu nhu cau ning lugng, con ngudi da khai thac va
sir dung rat nhiéu céc loai nhién liéu hoa thach, cac ngudn nhién liéu nay
dang dan can kiét, va hé qua ciia nd gay ra ciing vo cuing tan khéc, d6 1a hity
hoai méi truong sdng cua nhan loai. Ciing tir 1y do d6, nhu cau dbi véi cac
nguon nang lugng than thién mai trudng, c6 kha ning tai tao dang trd nén vo
cling cap thiét. Va that may mén, con ngudi da tim ra cach st dung nguon
nang luong mit troi, day 1a mot trong nhitng ngudn ning lwong tai tao hira
hen nhat, hoan toan khong gay 6 nhiém moi truong va khong bi can kiét. Dé
thu dugc ngudn ning lugng nay, don gian nhat |4 tao ra cc tim hap thu ning
luong truc tiép tir &nh sang mit troi, bién quang nang thanh cic dang ning
luong khéac phuc vu cho nhu cau cta con ngudi (Nguoi ta thudng goi do 1a
tam pin mat troi). Bé sir dung cac tim hap thy niang lwong mit troi va chuyén
thanh dién nang mot cach hiéu qua nhat, can phai c6 nhiing nghién ctu chi
tiét tong thé vé cac khia canh nhu vat liéu, sy 1am viéc, ché tao,...va mot
trong s6 d6 1a nghién ctru dap Gmg co hoc cia tim nano hitu co nhiéu lop
(day 1a két cau tng dung dé 1am tam pin mat troi).

Tt nhitng phan tich trén, ludn an nghién ctru lya chon dé& tai: “Phantich
finh va dong tm nano hitu co nhiéu 16p 6 ké dén hiéu tmg kich thude nhd”.
2. Muc tiéu ctiia luin an

Nghién ctru dap tmg tinh va dong caa két ciu tm nano hitu co chiu tai
trong tinh va dong trén co s& phuong phap phan tir hitu han va ly thuyét dan
hdi phi cuc bd.
3. Pdi twong va pham vi nghién ctu ciia luin an

Déi tugng nghién ctru ctia luan 4n 14 tim nano hiru co nhiéu 16p chiu
tai trong tinh va dong. Pham vi nghién ctru cta lun 4n 13 bai toan udn tinh
tuyén tinh, bai toan dao dong tu do va dao dong cudng birc tuyén tinh.
4. Phwong phap nghién ciru

Phuong phép phan tir hitu han dua trén 1y thuyét dan hdi phi cuc bo.

5. Y nghia khoa hoc va thuec tién ciia luin 4n
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Bai toan phén tich dap tng tinh va dong ciia tim nano hitu co nhiéu
16p ¢6 ¥ nghia quan trong trong linh vuc co hoc két cau. Cac két qua nghién
ctru cia ludn 4n co dong gdp méi trong linh vuc phan tich két cau tim nano
hitu co, tham khao gié tri cho cac nha thiét k& va ché tao tim nano hitu co.
6. B6 cuc ciia ludn an

Luan 4n gdbm mo dau, bdn chuong ndi dung, két luan, cac cong trinh
khoa hoc cua t&c gia, tai liéu tham khao.

CHUONG 1. TONG QUAN VAN PE NGHIEN CUU

Chuong 1 (26 trang), Chuong nay trinh bay tong quan vé vat liéu nano,
cong nghé ché tao, tng dung ctia vat liéu nano. Cac 1y thuyét tinh toan ddi
v6i két cau nano néi chung ciing nhu cac két qua nghién ctru dat dugc ddi
v6i cac két cau nano.

CHUONG 2.COSO LY TiINH TOAN TAM NANO HUU CO
CO XETPEN ANH HUONG CUA HIEU UNG KiCH THUOC
2.1. M6 hinh bai toan va cic gia thiét

T4m nano hitu co ¢6 mé hinh dugc mé ta nhur trén hinh 2.1, tim gém

nam lop vat liéu khac nhau.

T4m nano hiru co gdm nhiéu 16p vit liéu

~~~~~~~~~~~~ Glass
hef [ — - - - -~ -~ J1Q:.-
- -~ --« PEDOT:PSS
B L R - - - - P.;IIT'P('RM
by =

a) Mé hinh 3 chiéu b) Mat cit ngang 2 chiéu
Hinh 2.1. M6 hinh tAm nano hitu co nhiéu 16p

Luén an su dung mot ) gia thiét nhu sau: TAm théa man bién dang
cit cai tién, xem &_z=0; Bién dang bé. Khong xét dén anh huéng cia nhiét
do; Vat liéu dan hdi tuyén tinh; Khong xét sy bong tach giira cac 16p vat liéu
trong qué trinh chiu luc; Hé s6 dan hoi phi cuc bd va hé sb can nhu nhau
trong mdi 16p vat liéu.
2.2. Quan hé tng xir co hoc ciia tAm



3

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

nano hitu co c6 dang nhu sau [58,87,88]: u(x,y,z) = _Z%_
ows 9 ows
fz%;U(X.Y;Z) = —Zalyb_ = S w6y, 2) = wp(x,y) + ws(x,y)
(2.1)
trong d6 ham f, c6 thé c6 ba dang nhu sau: ham da thiic [87]: f, = + > ,le,

Ham sin [88]: f, =2z —%sin (72) Ham sin hyperbolic [89]: fZ =z-—
hsinh (%) + zcosh G)

Trudng bién dang:

(9Zwp ) ((92ws 0
£ dx2 dx2
(Sxx\ %wy 92wy 0
vy 3y 3y 0
£= ixy =—z< 22w, R 2w, P+ gz 0w (2.5)
XZ oA Y ax
0xdy dxdy
LSYZ} 0 0 Iws
ay
\ o / \ o0 /

Luan 4n st dung 1y thuyét dan hdi phi cuc bd, do vy biéu thirc lién hé
giita ing suat va bién dang trong 16p vat liéu thir i c6 dang [27], [89, 90]:

5{1 Cilz 0 Ex ! ;

(1-12v2)i=|ci, ¢, 0 {Ey} =Djel + 12 (28)
0 0 cigl\Vy
i
_2p2yei - |G33 0 0 [ (Yaz i 6)/5

(1 - 1272t = [ . c_g;g] {yyz} =Diyi+x=  (29)

trong do y la h¢ s6 ké dén tinh dan nhét cua vat liéu va t 1a bién thoi gian,
trong d6: 1=(eo £) 12 hé sé nonlocal (nm) €0 12‘1 héng s6, / 14 hé sb phu thude

cac dic trung cua vat liéu nano, V? = — + —— la toan tir Laplace.

bé dua ra phuong trinh chuyén dong cua tdm nano hiru co, luan an st
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dung nguyén 1y ning luong toan phén cuc tiéu & dang sau [91]:

6U — W —OT =

0

(2.15)

trong d6 SU, W va 8T lan luot 14 cac thanh phan bién phéan thé ning bién
dang ctia tAm, bién phan cong ciia ngoai luc va bién phan dong ning cia tim.

Sau khi bién d6i phuong trinh cén bang cua tdm nano c6 dang:

0 64Wb a4Wb
+Jn< _XBfX& ox* +6x26y2 *

D d 64WS+ *wy
X2rxae\axt T axzay?

" (’)4WS+64WS
i Xsx \ dy*

o*wy, 0w 2*wy,
z11 a 4 fll a 4 z12 axzayz
0*wy *wy, 0*wy
j* ~Br1 9x29y? B3 5x29y2 | T33 9x20y2
0 A i 64Wb+ a4Wb n 6 Wp
X2 3e\ax* T axzay? T “9x2ay?
B 3] 64W5+ 0*wy N 0*wy
T4 %3¢\ ax® T ax2ay2 T “ax2ay?
0wy, 0*wy 0wy,
Bf11 x4 11754 f12 dx20y?
0*wy B 0wy, 0*wy
112 9x20y2 133 9x29y2 133 9x20y

Swy, ¢ dxdy

Swg

rdxdy




, [ Swg ]
[ ) / 0" 0w, \]| 325wy
li hl dx 12h: 2
Pz 6Wb_ h | 625W | +pz _z 4 ll ax |
AR v I = |
L
Y | \ dy? /J
12h; (0%p, 0%p
_ J _ i z z
fﬂ (Swy, +6WS)Z A <0x2 + 0y2>
l
[ HO(Wb + WS)6Wb ]
+ 0x ox
+Hoy \+a(wb + 1) ASw, /
\ dy dy J
g (P 0%\ (9% 9%
T\ oxz = oy? 2\ ox2  9y? W
0%, 9%, 0%, 92w,
—v2ly ) (===
_f< { ll<ax2 * ‘93’2>+ Zl<ax2 " 53’2)}8%  dxd
; 9%, 9%, 9%, 82, Y
+ HZ + +H3 Wg
0x? dy? 0x? ~ 0y?
02w, 9%wy, 02w, 9%,
7 o (G )+ o (G + o
=0
(2.43)

2.3. M6 hinh phén tir hitu han
T4m nano dugc chia thanh cac phan tir tir gidc bon nut (hinh 2.2), véc

o vindt e = 5% |we o wer (292)(2ws) (2we) (3w
e inin g, = T oy (2) (%) (22) () |
Cong thuc bién phéan thé ning bién dang dan hoi:
8U, = q'K.6q,+q.C.oq, (2.57)

trong d6 ma tran do ctng phan tu:

rdxdy



0) 3
(1.0) s
01 @
Hinh 2.2. Biéu dién phan tir tir giac 4 nut.
K, =K% + K3 (2.58)
A, B

vi:  Kb=f, ([Vg V7| [ Y 4 ] [Vf]) dxdy (2.59)
K = [, (ViAV) dxdy (2.60)

Va ma tran can phan tu tam do tinh dan nhét cta vat liu:

DfX

A B V
ce= 8, (V0 Vet B[V 0w s

Cong thirc bién phan dong ning
6T, = ngegqe

trong d6 ma tran khéi lugng phan tir Me duge xac dinh

an dFy an aFS
H,— —H
1 54 + 2
aF an + aF aF
ax % ax 379x
aFT  9F aFT oF
9%p 9%b 4Ly s

Me =1 oy 1 ay ay 2 oy
aF an aFT oF
S H2 S _S

3%y
mmm+m%g
+FTH,F, + FTH,F,

(2.62)

(2.69)

(2.70)

T biéu thirc bién phan cong ngoai lyc, luan an rat ra véc to tai trong



nut cta phan ti:

( [ [2Fp+F)T N
| P 0x? |
z 02(Fp+Fg)T
P, = fﬂe (F, + FS)TlezI +;T !} dxdy (2.74)
T azpz 92 0"Pz
|_+(Fb + Fs) (axz dy?2 J

Sau khi tap hop ma tran khéi lugng phan tir, ma tran d cimg phan tir va
véc to Iyc nat phan tir ta dugce phuong trinh chuyén dong cua tAm nano hiru

co nhu sau:

M.ij+Cij+K.q=P (2.78)

trongdo M =Y ,M,, C=Y,C,,K=Y.K,, P=Y,P, lan luot 1 ma
tran khoi luong téng thé, ma tran can téng thé, ma tran do cung téng thé va
véc to tai trong nit tong thé, con § = Yo e, § = Yo e, § = Yo qola véc to
gia toc nat tong thé, véc to van tde nut tong thé va véc to chuyén vi nit tong
thé ctia tAm nano hitu co.
2.4. Piéu kién bién

Xét tam voi cac didu kién lién két khac nhau nhu lién két tya don (ky
hidu 1a S), lién két ngam (ky hiéu 1a C). Diéu kién bién véi timg truong hop
cu thé d6i v6i trudong hop tm chit nhat nhu sau:

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

=0,wg; =0, (a“;”)i =0, ("a“;S)i =0 (2.79)
-Témtuadonta1y=0vay— b thi
= 0,wg; =0, (awb)i =0, ("’a“f)i =0 (2.80)

- Tdm ngam tgi x =0 vax = a thi
= 0,wy; =0, (awb)i =0, ("’a“f)i , ("’a—“;b)l =0, (‘%)L =0 (2.81)

-Tamngamtgiy=0vay=bthi
Whi = 0,ws; =0, (%)i =0, (%)i'(aa_v:/b)i =0 (66_‘43/’5)1 =0 (282)

Néu tim c6 bdn canh tya don thi ky hiéu 1a SSSS, néu tdm c6 bdn canh ngam
thi ky hi¢u 1a CCCC.




2.5. Két luan chuwong 2

Trén co s 1y thuyét bién dang cét cai tién, 1y thuyét dan hoi phi cuc
bd va phuong phap phén tr hitu han tac gia da xdy dung dugc ma trén do
cung cua tam, ma tran khdi lugng va véc to lyc nut. Tu do, st dung nguyén
1y nang lwong toan phan cyc tiéu thiét 1ap duoc hé phuong trinh chuyén dong
dé giai bai toan tim nano hitu co chiu tac dung ciia tai trong tinh va dong.

Chuong nay ciing x4c dinh cac didu kién bién cu thé cho cac mé hinh
lién két khéc nhau.

Céc biéu thirc xay dung trong chwong 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 chuong 2, quan hé img xr co hoc cia tim nano
hitu co dugc tac gia cong bd trong cac bai bao thir 1-5 (Danh muc cong trinh
cua tac gia).

CHUONG 3. PHAN TiCH TINH TINH TAM NANO HU'U CO
CO XET PEN HIEU UNG KiCH THUOC VA KHAO SAT
ANH HUONG CUA MOT SO YEU TO
3.1. Thuit toan PTHH giai bai toan udn tinh ciia tim nano hiru co

Phuong trinh cin bang dbi v6i tim nano hitu co chiu tai trong tinh:
Kq=P (3.2)
Tir cong thire (3.1) tinh duoc véce to chuyén vi nit tong thé cia tim:
q=K'P (3.2)

So d6 thuat toan giai bai toan tim nano hiru co chiu tic dung cia tai
trong tinh nhu Hinh 3.1. Trén co s¢ thuat toan trinh bay & trén tac gia da xay
dung chuong trinh tinh Solar Nonlocal Static 2025 (SNS_2025) trong mdi
trudng Matlab dé phan tich tinh tAm nano hitu co. Chwong trinh gdm ba mo
dun cha yéu sau:

- M6 dun nhap s liéu, chia ludi phén ta.

- M6 dun gii bai toan tinh cho tim nano hitu co.

- M6 dun xuét két qua.



hap sb liéu déu vao: kich thude
ludi chia, vat liéu, bién...

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

Y

Tinh chuyén vi va tmg suat

Y

Xuat cac két qua:
chuyen vi, trng suat

Hinh 3.1. So d6 thuat toan giai bai todn tm nano hitu co chiu tac dung cua

tai trong tinh.
3.2. Kiém tra d tin cdy ciia chwong trinh tinh
Phan nay s€ dua ra cac vi du dé kiém tra d¢ chinh xac ctia ly thuyét va
chuong trinh tinh toan bang ca phuong phap giai tich va phuong phap phan
ti hitu han. Dang nghi¢ém Navier cua phuong trinh (2.43) nhu sau:
wy(x,y) = z Z Wymn Sin (m;rx) sin ("bﬂ)

m=1n=1 (3.3)
ws(x,¥) = Xm=12n=1 Wsmn Sin (%) sin (n%)

trong d6 m va n 1a cac so tu nhién, va Womn, Wsmn 1a bién do cta cac chuyén
vi tuong ung. Tai trong tac dung lén tam voi bi€n dd Pmax co biu thic xac
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dinh nhu sau:

16Pmax -

Pz(x,¥) = Xm=1Xm=1—7——Sin (%) sin (%) (3.4)

m2mn

Thay cac biéu thirc (3.3) va (3.4) vao (2.43), thu duoc hé phuong trinh
chi gom hai an s6 12 Wamn V& Wamn nhu sau:

Kiq Klz]{Wbmn} {Pb}
— 35
Koy Kool WomnS ~ 1P, (35)

Giai phuong trinh (3.5), s& thu dugc cac bién d6 Womn Va Wemn:

{Wbmn} _ [Kn Klz]‘l {Pb} (37)
Vvsmn K21 K22 Ps

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

Vi du kiém chirng 1: Vi du nay so sanh chuyén vi udn tinh cta tim
nano c6 xét dén anh hudng cua hiéu tmg kich thudc théng qua tham sé phi
cuc bo . TAm c6 a = b = 10 nm, h bién doi tir a/10 dén a/100, E = 30 MPa,
v =0.3, p = 1, tai trong phan bb déu Qo= 1, tim twa don trén cac canh.

Chuyén vi khong thir nguyén 16n nhat duoc tinh toan theo cong thirc
w=10°h’w,,, /(12(1-v*)Q,a*). Bang 3.1 trinh bay sy hoi tu cia két qua

tinh toan bang phuong phap phan tir hitu han (FEM) d6i véi chuyén vi udn
tinh ctia tim nano bang cach tang dan ludi chia phan tir cia tim véi cac tham
s6 dan hoi phi cuc bd khac nhau, két qua trong bang nay ching t6 khi sb
lwong phan tir cta ludi chia ting 1én, két qua tinh toan chuyén vi cia tim
nano hoi tu, va voi ludi chia 16x16 phan tir dam bao d6 chinh xéac can thiét
khi so sanh véi két qua tinh bang phwong phap giai tich dwa trén 1y thuyét
bién dang cit bac ba trong tai liéu [45], do vy cac tinh toan dudi ddy s& sir
dung luéi chia nay dé tinh toan.

Béng 3.2 trinh bay két qua so sanh chuyén vi 16n nhit v6i cac tham s6
phi cuc bd khac nhau va tham s chiéu day khac nhau, két qua tinh toan nay

chung to cac két qua tinh toan bang phuong phéap giai tich va phwong phap
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phan tir hitu han rat gan nhau va gan voi két qua di cong bd trong tai liéu
[45], su khéac biét & day la do 1y thuyét tinh toan cua tai liéu [45] dua trén ly
thuyét bién dang cat bac ba, con truong chuyén vi trong luan an dua trén 1y
thuyét bién dang cat kiéu moi.

Bang 3.1. Sy hoi tu ciia chuyén vi 16n nhét W ctia tim nano chiju tac dung cta
tai trong tinh, a/h = 10,[45] sir dung 1y thuyét bién dang cat bac ba

K&t qua cua luan an st dung Két qua
I phuong phap phan tir hitu han véi ludi chia khac nhau giai tich
(") T6x6 | 10x10 | 14x14 | 16x16 | 18x18 | 20x20 |  [45]

f, 1a ham da thuc

0 4.394 4.314 4292 | 4287 | 4.283 | 4.281 4.185

05 | 4583 | 4506 | 4484 | 4478 | 4475 | 4472 | 4560

1 | 5151 | 5081 | 5059 | 5053 | 5049 | 5046 | 4.936

f, Ia ham sin

0 | 4393 | 4313 | 4292 | 4286 | 4 g5 | 4280 4.185

05 | 4583 | 4505 | 4483 | 4478 | 4,474 | 4472 | 4560

1 [ 5152 | 5081 | 9058 | 5052 | 549 | 2046 | 4.936

f, 1a ham sin hyperbol

0 | 4394 | 4314 | 4292 | 4287 | 4093 | 4281 | 4185

0.5 | 4583 | 4506 | 4484 | 4478 | 4475 | #4472 | 4560

1 |5151 | 5081 | 5059 | 5053 | 5049 | 2046 |  4.936

Bang 3.2. So sanh chuyén vi khong thir nguyén W clia tAm nano véi cac két

qué giai tich, [45] str dung 1y thuyét bién dang cat bac ba

Luéan an Két qua
I (nm) giai tich
LAL | LA2 | LA3 | LA4 | LA5 | LA6 [45]
a/h=10
0 \ 4.261 \ 4.261 \ 4.261 ] 4.287 \ 4.286 \ 4.287 ] 4.185
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0.5 4447 | 4.446 | 4447 | 4478 | 4478 | 4.478 4.560
1 5.004 | 5.003 | 5.004 | 5.053 | 5.052 | 5.053 4.936
a/h=50
0 4.063 | 4.063 | 4.063 | 4.085 | 4.085 | 4.085 4.015
0.5 4244 | 4244 | 4244 | 4.269 | 4.269 | 4.269 4.377
1 4,786 | 4.786 | 4.786 | 4.823 | 4.823 | 4.823 4.740
a/h=100
0 4.057 | 4.057 | 4.057 | 4.078 | 4.078 | 4.078 4.010
0.5 4,237 | 4.237 | 4.237 | 4.263 | 4.263 | 4.263 4.372
1 4779 | 4779 | 4779 | 4.816 | 4.816 | 4.816 4.734

Ghi chu: LAT1: Loi giai dang giai tich, f,1a ham da thuc; LA2: Loi giai

dang giai tich, f, 1a ham sin; LA3: Loi giai dang giai tich, f, & ham sin
hyperbol; LA4: Loi giai FEM, f; 1a ham da thie; LAS: Loi giai FEM, f; la

ham sin; LA6: Loi giai FEM, f; 1a ham sin hyperbol

3.3. Khio sat anh hwéng ctia mot so tham s6 dén dap rng uon tinh ctia
tam nano hitu co

Tam nano c6 cac tham sb a, b, h, ty 18 a/b thay ddi tir 1 dén 4, ty 1¢

chiéu day a/h thay d6i tir 10 dén 50. TAm gdm 5 16p vt liéu, tong chiéu day

1a h = 0.55044 nm, mbi 16p c6 chiéu day 1a h;, chidu day cac 16p tuong tng
12550:0.120:0.050:0.170:0.100. Cac dac trung co tinh cta tirng 16p dugc cho

nhu trong bang 3.5, tai trong phan bd déu cé cudng d6 14 Prax.

Béng 3.5. Cac déc trung co tinh timg 16p vat li¢u cuia nano hiru co [48]

) M5 dun He s Khbi
T,hu tw Tén goi dan hoi 50 luong riéng
16p (GPa) Poat xong (kg/m?)

1 Glass 69 0.23 2400

2 ITO 116 0.35 7120

PEDOT:
3 PSS 2.3 0.4 1000
4 P3HT: 6 0.23 1200
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PCBM
5 Aluminum 70 0.35 2601
Hai tham s6 dugc tinh toan va khao sat dbi voi bai toan udn tinh la

* 10h03EgIass W(X a bj )

chuyén vi va ung suat cia diém giita tam: W = P o == Y=z
max

2 2

o, = JX(X:%,yzg,Z=g), trong d6 hy = 1 nm. Dé thiy r5 anh

hudng ctia hidu tmg kich thudc nhé dén dap tmg cua tim nano hiru co, nghién
clru ndy tinh toan sy khac biét giita truong hop bo qua tham sé dan hoi phi
cuc b i va truong hop co tinh dén tham sé dan hdi phi cuc bo Ii, cong thirc
tinh toan sy khac biét nay nhu sau:

owx(L=0), . o (k#0) . @(l#0)
Diff,, z—w*(li “0)’ Diff _—O-:(Ii “0)’ Diff | _—a)i*(li “0)

- Anh hwong ciia chiéu day tém va tham sé dan hoi phi cuc bé

(3.9)

Luan an cho tham s6 phi cuc bd ctia mdi 16p I bién ddi tir 0 dén 2h;, ty
1¢ chiéu dai va chiéu day cua tdm bién ddi tir 10 dén 50, két qua tinh toan
duoc thé hién nhu trong cac bang 3.6 va 3.7. Cac nhan xét dugc rit ra:

+ Néu tham s6 dan hoi phi cuc bo i ¢6 gi tri cang 16n thi ca chuyén
vi va tng sudt ctia tim nano hitu co c¢6 gia tri cang l6n, didu nay ching t6
tham s6 dan hoi phi cuc bd da 1am giam do clg cta tdm nano hitu co.

+ Cac két qua tinh toan bang ca phuong phap giai tich va phuong phap
phan tir hitu han véi ba 1y thuyét tim khac nhau déu cho cac két qua gan
gidng nhau, didu nay ching t6 rang c6 thé dung phuong phép tinh giai tich
hodc phuong phap sé dé giai quyét bai toan udn cia tim nano hiru co.

Hinh 3.2 14 d thi biéu dién su khac biét ciia chuyén vi va (mg suét
theo ty 18 li/h ing véi ba gia tri cua ty 18 chiéu dai va chiéu day a/h, khi ty 16
a/h =10, thi sy sai 1éch ctia chuyén vi va Ung sudt (giira hai truong hop tinh
dén tham s6 phi cuc bd va bo qua tham sé phi cuc b li) cang rd rét khi ty 16
li/h nhéan gia tri cang 16n. Tuy nhién d6i véi truong hop a/h =50 thi sy sai
léch giira hai truong hop nay lai khong rd rét (sai 1éch 16n nhat cua chuyén
vi khong vuot qua 3% tng véi lifhi = 2), diu nay ciing c6 nghia ring néu
khong yéu cau d6 chinh x4c qué cao thi c6 thé bé qua anh huong cua tham
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s0 dan hoi phi cuc bg, va s€ don gian tinh toan hon rat nhicu.

Bang 3.6. Chuyén vi udn w* phu thudc ty 1¢ a/h va tham sb phi cuc b I;

li/h; 0 0.2 0.5 1.0 15 2.0
a=10h
LAl | 29347 | 29552 | 3.0625 | 3.4458 | 4.0847 | 4.9791
LA2 | 29345 | 2.9550 | 3.0623 | 3.4456 | 4.0845 | 4.9788
LA3 | 29347 | 2.9552 | 3.0625 | 3.4458 | 4.0847 | 4.9791
LA4 | 29068 | 2.9276 | 3.0365 | 3.4257 | 4.0742 | 4.9822
LA5 | 29066 | 2.9273 | 3.0363 | 3.4253 | 4.0737 | 4.9815
LA6 | 2.9068 | 2.9276 | 3.0365 | 3.4257 | 4.0742 | 4.9822
a=20h
LAl | 28375 | 2.8425 | 2.8689 | 2.9629 | 3.1196 | 3.3389
LA2 | 28375 | 2.8425 | 2.8688 | 2.9628 | 3.1195 | 3.3389
LA3 | 2.8375 | 2.8425 | 2.8689 | 2.9629 | 3.1196 | 3.3389
LA4 | 28091 | 2.8141 | 2.8406 | 2.9354 | 3.0933 | 3.3144
LA5 | 2.8090 | 2.8141 | 2.8406 | 2.9354 | 3.0933 | 3.3144
LA6 | 2.8091 | 2.8141 | 2.8406 | 2.9354 | 3.0933 | 3.3144
Bang 3.7. Ung suit o} phu thudc ty 1& a/h va tham s6 dan hdi phi cuc bo |;
hi [0 0.2 0.5 1.0 15
a=10h
LAl 4.8630 4.8818 4.9804 5.3327 5.9200
LA2 4.8643 4.8831 4.9816 5.3333 5.9196
LA3 4.8628 4.8816 4.9803 5.3327 5.9200
LA4 4.9602 4.9868 5.1267 5.6263 6.4590
LA5 4.9621 4.9887 5.1287 5.6285 6.4615
LA6 4.9600 4.9867 5.1265 5.6261 6.4587
a=20h
LAl 9.6945 9.7041 9.7544 9.9340 10.2334
LA2 9.6952 9.7048 9.7550 9.9346 10.2339
LA3 9.6945 9.7040 9.7543 9.9340 10.2334
LA4 9.8771 9.8902 9.9593 10.2059 10.6170
LA5 9.8781 9.8913 9.9606 10.2084 10.6213




Diff,

15

| LAG6 9.8770 9.8901 9.9592 10.2057 10.6165
18 Giai tich 14 —+—PTHH: a/h=10
1.7 —— PTHH " 1.35| —e—PTHIE: a/h=20
—8—PTHH: a/b=50
1.6f
1.5¢
14
1.3}

121

1.1+

1 +
0.5 I/h; 1 1.5 2

Hinh 3.2 Biéu do biéu dién sai sd cia chuyén vi va tmg suat phu thudc li/h;
ung vai cac truong hop cua ty 1€ a/h, f;1a ham da thace, a/b=1
- Anh hwéng ciia ty 1é chiéu dai b/a va tham so dan hoi phi cuc by
Bang 3.8 va 3.9 thé hién chuyén vi va g suét ctia tim nano hitu co
v6i truong hop ty 16 chidu dai cac canh tim b/a va ty 18 Ii/h; nhan cac gia tri
khac nhau. Cac két qua tinh toan thé hién rang:

Vi cac gia tri cua ty 18 b/a khac nhau thi khi gi tri coa tham sb dan
hoi phi cuc bo | cang 16n, thi su sai 1éch giira chuyén vi va iing suét ctia tAm
nano hitu co so v6i trudng hop tinh theo 1y thuyét c6 dién. Didu nay tiép tuc
khing dinh rang khong thé bé qua anh hudng ctia tham s6 dan hoi phi cuc bo
khi tinh toan d6i v6i tim nano hiru co. Két qua tinh toan bang phuong phap
phan tir hiru han va phuong phép giai tich véi ca ba Iy thuyét bién dang cat
déu cho két qua rat gan nhau.

Trén hinh 3.3 trinh bay két qua tinh toan sai khac ng sut va chuyén
vi theo ty 18 li/h;, sy sai 1éch nay ting dan khi ting gié tri ciia tham sé dan hoi
phi cuc bd Ii, va su sai 1éch nay giam dan khi ty 1¢ b/a tang dan. Nhu vay su
sai léch tmg suat va chuyén vi trong truong hop cé tinh dén 1y thuyét dan hoi
phi cuc bd va tinh theo 1y thuyét c6 dién phu thudc vao ca ty 18 chiéu dai cac
canh ctia tAm va ty 1& chiéu dai so véi chiéu day cta tim nano hitu co.

Bang 3.8. Chuyén vi udn w* ctia tim nano phu thudc ty 18 b/a, a/h=10
li/h; 0 0.2 0.5 1.0 15
b=a
LAl 2.9347 2.9552 3.0625 3.4458 4.0847
LA2 2.9345 2.9550 3.0623 3.4456 4.0845
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LA3 2.9347 2.9552 3.0625 3.4458 4.0847
LA4 2.9068 2.9276 3.0365 3.4257 4.0742
LAS 2.9066 2.9273 3.0363 3.4253 4.0737
LAG6 2.9068 2.9276 3.0365 3.4257 4.0742
Bang 3.9. Ung suat o, phu thudc ty 1¢ b/a va tham s6 dan hoi phi cuc b |
li/h ‘ LAl | LA2 LA3 LA4 LA5 LAG
b=a
1.5 | 5.9200 5.9196 5.9200 6.4590 6.4615 6.4587
1.0 | 5.3327 5.3333 5.3327 5.6263 5.6285 5.6261
0.5 | 4.9804 4.9816 4.9803 5.1267 5.1287 5.1265
0.2 | 4.8818 4.8831 4.8816 4.9868 | 4.9887 4.9867
0 4.8630 4.8643 4.8628 4.9602 4.9621 4.9600

15 ‘ 1.4
Giai tich =—+—PTHH: b/a=1
—+— PTHH 1.35( —e—PTHH: b/a=2
141 —8—PTHH: b/a=4

6 o5 13 0 05 1 is
Hinh 3.3. Biéu d6 biéu dién sai s6 cua ing suat va chuyén vi theo ty 1& li/h;
ung vai cac truong hop cua ty 1€ b/a, f;1a ham da thirc, a/h=10

3.5. Két luan chwong 3

Chuong 3 da giai quyét nhimg noi dung chi yéu sau:

Téc gia da xdy dung dwogc thuit toan phan tir hitu han va chuong trinh
Solar_Nonlocal_Static_2025 (SNS_2025) tinh to&n tim nano hiru co ¢6 tinh
dén hiéu ung kich thudc. Tac gia ciing dua ra 10i giai dang Navier dé kiém
chimg voi 10i giai bang phuong phap phan tir hitu han. Két qua tinh toan ctia
phuong phap phén tir hitu han dugc so sanh véi cac két qua tinh bang phuong
phap gidi tich va véi cac két qua di cong bd cho thay do chinh xac va tin cay.

Qua cac két qua khao sat, luan 4n nhan thiy tuy thudc vao thong sb
hinh hoc cta tAm, anh hudng cua hiéu tmg kich thudc (thong qua tham sb
dan hoi phi cuc bo) s€ khac nhau. Do do, khi thiét ké tAm nao hitu co sit dung
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cho nhiing yéu ciu dic biét ngudi ki su can luu ¥ nhitng van dé trén dé két
cAu hoat dong dat dugc hi€u qua cao.
Noi dung ctia chuong nay da duge cong bd trong bai bao thir 1 (Danh
muc cong trinh cla tac gid).
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
4.1. Bai toan dao dfng riéng
Phuong trinh dao dong tu do khong can ctia tAm nhu sau:
MG+ Kg=0 (4.1)
Pé tim tan s6 dao dong tu do va cac dang dao dong riéng twong tng
ctia tim nano hitu co, gia thiét nghiém cua (4.1) ¢6 dang: q = g, sin(w t),
trong d6 q, 12 bién d6 va w 1 tan s6 dao dong cua tim. Tir d6 phuong trinh
dao dong tu do (4.1) dan t&i bai toan tri riéng c6 dang nhu sau:
(K—Mw?)q,=0 4.2)
Phuong trinh (4.2) 1a hé phuong trinh tuyén tinh thudn nhét va c6
nghiém khong tam thudng q, # 0 khi va chi khi dinh thirc cia ma trin
(K — Mw?) bang khong:
det(K — Mw?) =0 (4.3)
Giai phuong trinh (4.3) ta tim dugc N gia tri tin s6 riéng w; cua két
céu. Twong tng véi mdi tan sb riéng w; thay vao phuong trinh (4.2) ta tim
duoc véc to riéng q; tuong Gng.
So d6 thuat toan giai bai toan dao dong riéng tAm nano hitu co duoc
thé hién nhu Hinh 4.1.
Trén co s thuat toan trinh bay ¢ trén tac gia da xay dung bo chuong
trinh tinh Solar_Nonlocal_Freevibration_2025 (SNF_2025).
Dbi voi bai toan dao dong riéng, tir phuong trinh (2.43), khong xét dén
vé phai va bo qua cém luén an stir dung dang nghiém Navier nhu sau:

wy(x,y) = Z Z Wpmn sin (m;[ x) sin (mz:y) et (4.4)

m=1n=

ws(x, ) = Xim=1Zn=1Wemn Sl?’l( )Sln (%)elwt
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Y
Nhép so6 liéu d‘éu vao:kich thudc,
ludi chia, diéu kién bién,...

Tinh K, M

y
Xir Iy diéu kién bién:
Tu do, ngam, tra don

!

Tinh tin s6 dao dong riéng theo (4.3)

Y
Xuét céc két qua: Tin so,
cac dang dao dong

Hinh 4.1. Sodb giéi thudt giai quyét béi toan dao dong riéng tm nano hitu co
trong d6 m va n 1a cac sb tu nhién, va Womn, Wsmn 12 bién d6 cua cac chuyén
vi tuong tng, i% =

=-1, w la tan s6 dao dong cta tim. Thay cac biéu thirc (4.4)
vao (2.43), ta thu dugc hé phuong trinh nhu sau:
Kiy —My; Kz — Mlz] {Wbmn} _ {0} (4.5)
Kz1 — My Kz — My, %mn 10
Giai phuong trinh (4.5), ta s€ thu dugc cac tan so dao dong riéng va cac dang
riéng tuong ung. Luin an st dung dang nghiém gém ba sb hang dau tién.
Bang 4.3 trinh bay két qua tinh toan tan s6 dao dong riéng dau tién cua
tdm nano hitu co, b'fmg viéc nhin vao céac sb liéu nay, chiing ta the"iy rﬁng khi
tang ty 1¢ li/h; thi tan s dao dong riéng ctia tam giam xuéng, va khi tim cang
mong (thé hién & ty 1€ a/h cang 16n) thi sy giam cta tan s6 dao dong riéng
du tién cua tim cang khong ro rét. Hinh 4.2 thé hién sy khac biét cua tan sd
dao dong riéng dau tién trong trudng hop tinh dén anh hudng cua tham sb
dan hoi phi cuc bd va bd qua anh hudng cia tham sb ndy, ngudi ta thiy ring
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khi tim cang mong (tirc ty 1& a/h cang 16n) thi su khac biét tin s6 dao dong
riéng dau tién giita hai truong hop nay 1a cang nhé, vi du nhu truong hop
a/h=50, su khac biét giita hai truong hop 1a chua dén 4%, néu khong can do
chinh xéc cao, c6 thé khong can tinh dén anh hudng ctia tham s6 dan hoi phi
cuc bo li. Nhung véi ty 1¢ a/h=10, ¢ thé thay rang khi ty 18 li/h; cang 16n thi
viéc bo qua anh hudng cua tham sb dan hoi phi cuc b li s€ khong con chinh
xac khi tinh toan dao dong riéng ciia tAm nano hitu co.

Bang 4.3. Tan s6 dao dong riéng dau tién w} cta tim nano hiru co phy thudc

vao a/h va tham s6 dan hdi phi cuc bo, b/a=1, @ =@h Pyass | E

glass

li/hi | LAL LA2 LA3 LA4 \ LAS5 \ LAG
a=10h

20| 0.0430 | 0.0430 | 0.0430 | 0.0423 | 0.0423 | 0.0423
1.5 | 0.0478 | 0.0478 | 0.0478 | 0.0471 | 0.0471 | 0.0471
1.0 | 0.0525 | 0.0525 | 0.0525 | 0.0517 | 0.0517 | 0.0517
05| 0.0561 | 0.0561 | 0.0561 | 0.0552 | 0.0552 | 0.0552
a=20h
20| 0.0133 | 0.0133 | 0.0133 | 0.0132 | 0.0132 | 0.0132
1.5 | 0.0138 | 0.0138 | 0.0138 | 0.0137 | 0.0137 | 0.0137
1.0 | 0.0142 | 0.0142 | 0.0142 | 0.0141 | 0.0141 | 0.0141
0.5| 0.0144 | 0.0144 | 0.0144 | 0.0144 | 0.0144 | 0.0144

1 N
e ——t
0.95
a/h=50
3
0.9 R
= ah=20
=
0.85
0.8 ah=10 7
= Giai tich
075 PTHH
0 0.5 1 igfhi 1.5 2

Hinh 4.2. Sy khac biét ciia tan s6 dao dong riéng dau tién trong truong hop
c6 tinh dén anh huéng cua hidu Gmg kich thude va truong hop bo qua hiéu
ung kich thudc, f; 1a ham da thirc
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4.2. Bai toan dao dfng cudng birc ’
Phuong trinh dao dong cudng birc cd can cia tam nano hitu co nhu
(2.78) duoc viét lai nhu sau:
MGg+C4+Kq=F (4.7
Dé giai phuong trinh (4.7), ludn 4n str dung phuong phap tich phan
truc  tiép Newmark va xdy dung bd chuwong trinh tinh
Solar Nonlocal Dynamic_2025 (SND_2025), so d6 giai thuat nhu hinh 4.6

Nhép s6 liéu dau vao: kich thudc
lu6i chia, At,N, @y, 0,...

'

Tinh cac dai luong

K, M, C, Go.d,, 0, K~

Y

t=t+At

Y

Tinh "

t+At

v

. 1+
Tinh Oy, = K "R u

!

Tinh Geyaes Gra

v

t+AL?

Y

Tinh @ F

& t+At

t+AL?

=n

Saij<n !

Ding j

Y

/ Xuét cac két qua /

Hinh 4.6. So db thuat toan giai ddi voi bai toan dao dong cudng buc

cho tam nano hiru co.



21

T4m chiu tai trong phan bd déu va bién ddi theo quy luat:
p; = Py. F(t), trong d6 Pola bién do tai trong, con ham F(t) bién doi theo
thoi gian va c6 hai dang sau: Tai trong dang hinh sin:

t
) — 0<st<t
F(t) = Sln(wtl) = ="t =5ms;
0 t>t

t
. . o/ 1-— 0<t<t
Tai trong dang hinh tam giéc: F(t) = { !

0 t>t

N A 41 [ 1s R e e em K Eqh® ab
Thong so tinh toan 1a chuyén vi tai giita tam: w* = 12‘;1 W (E’E); ao=10h.
0%0

Trong céc két qua tinh toan dudi ddy, chiéu day h cta tim khong thay
d6i h =0.55044 nm, tai mdi vi du s6 dudi ddy tham s chiéu dai canh tim a,
b c6 thé thay dbi.

Tham sb can cua tam nano hiru co dugc tinh theo cong thirc khdng thi
nguyén cua tham sé dan nhét a = ELAL’ trong truong hop tong quat, tham sb

can nay phu thudc vao dac trung tirng loai vat liéu, va can phai c6 thi nghiém
dé x4c dinh chinh x4c hé sé nay. Tuy nhién, dé thuan loi cho qu4 trinh tinh
toan, ludn an chi xem xét truong hop tham s6 can khong thay doi trong tat ca
cac 10p vat lidu, gia tri ciia nd dugc 1iy trong pham vi tir 0 dén 10,
- Anh hwéng ciia tham sé cin

Su bién ddi ctia chuyén vi giita tim theo thoi gian tuong (mg voi cac
gia tri khac nhau cua hé s6 can duoc thé hién nhu trén cac hinh 4.9-4.12, mot
s6 nhan xét duoc rit ra nhu sau:

- Trong trudng hop bo qua can, khi ngoai luc ngimg tac dung thi tim
s& tiép tuc dao dong tu do va khong bi tit dan. Nhung khi xét dén can cua
két cdu thi khi ngoai luc ngimg tac dung, dao dong cuia tim s& giam dan. Khi
tang hé s6 can, chuyén vi s& tién dan vé 0 nhanh hon, diéu nay la do nang
luong dao dong cuia tAm bi tiéu hao boi can s& nhanh hon. Va véi tham sb
can a = 10* thi dao dong cua tdm nano tit dan nhanh sau khi ngoai luc
ngimg tac dung, do vy c6 thé xem gia tri ciia tham s6 can ndm trong khoang
gia tri 0-10"* 12 viing gia tri cta tham s can dbi véi tAm nano hitu co co cac
dac trung hinh hoc va vét liéu nhu trong luan an da xét.

- Trong qué trinh dao dong cudng birc (lyc kich thich van con tac
dung): hé s6 can cang 16n thi chuyén vi 16n nhat cia tim cang nho, diéu nay
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cling 14 do ning lwong bi tiéu hao mot phan boi can cua két cau.

3] 00 — 10" —a=105 — w107, 1
2 Hl |
1
w0 HHH T
X * MmH‘,Hww,uuwwwm
2 y ‘\M\‘ “H
3 e | —a=0
N -1.5 :::3:
R 0.2 04 = 06 0.8 1 a , , , —a=10"
Hinh 4.9. Sy bién ddi cua chuyén %2 04 e 06 08
vi theo thdi gian SSSS, tai tam Hinh 4.10. Sy bién doi cua chuyén
giac, f, 1a ham da thirc, li/h; = 1, vi theo thoi gian CCCC, tai tam
a/h=50’ t*=t/2t, giéc, lithi = 1, a/h=50
i i ' i ;a=0
— =10
0.5 —a=107|]
. ——a=10"*
=

-0.5

.
) 0.2 04 ¢ 0.6 0.8 1 T 0.2 04 ¢ 0.6 0.8 1

Hinh 4.11. Sy thay doi cua Hinh 4.12. Su bién d6i cua chuyén
chuyén vi theo thoi gian SSSS, tai vi theo thoi gian CCCC, tai hinh
hinh sin, lithi= 1, w = 5, sin, lithi =1, w = 5m, a/h=50

a/h=50, t*=t/2t;
- Anh hwéng ciia tan sé tdi trong tic dung lén tim
Khi tan s6 ngoai luc dung béng tan sb dao dong tu do cta tAm, chuyén vi
16n nhét cua tim tdng dan theo thoi gian, day chinh la hién tugng cong huéng
d6i voi tm nano hitu co. Hé s6 can cang 16n, thi chuyén vi cong huong cang
cham, diéu nay 1a do ning lugng ciia tAm nano hitu co bi mat mat cang 16n.
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500 , 300
o=0 | —a=0
—_— 106 —_— 106
a=10 } 200 a=10
—a=10" i — =107 I

100 aul

I |
AAAAAAAﬂ $ IR N |
g1

=200

w*
o

<
<
-
-
-_—
-
——

-500

-300

0 0.2 0.4 ¢ 0.6 0.8 1 0 0.2 04 ¢+ 0.6 0.8 1
Hinh 4.21. Su bién d6i cua chuyén  Hinh 4.22. Sy bién dbi cua chuyén
vi theo thoi gian va hé sb can a, vi theo thoi gian va hé sé can a,
SSSS, tai hinh sin, lilhi=1, w = CCCC, tai hinh sin, lilhi=1, w =
o, t;, bla =2, a/h=50 w,ty, bla =2, alh=50

4.5. Két luan chwong 4

Két qua chuong 4 da giai quyét nhitng ndi dung chu yéu sau

Di xdy dung dugc chuong trinh may tinh dé phan tich dao dong riéng
ciia tim nano hitu co Solar_Nonlocal_Freevibration 2025 (SNF_2025).
Chuong trinh kiém ching véi cac két qua da cong bd cho thdy do tin cay.

Luan 4n di chi ra anh hudng cua tham sé dan hdi phi cuc bo va chiéu
day tdm dén tan s6 dao dong riéng ciia tim nano hitu co khi sir dung ca 1oi
giai bang phuong phap phan tir hitu han va 1oi giai bang phwong phap giai
tich. Két qua tinh toan cho thiy dbi véi tim day (a/h=10) thi anh huéng cua
tham s6 dan hoi phi cuc bd thé hién 15 rét, tuy nhién voi tim moéng (a/h=50)
thi anh hudng cua tham sé nay rat mo nhat, do viy néu khong yéu cau qua
cao vé do chinh xac thi c6 thé bo qua tham sb dan hoi phi cuc bo khi tinh
toan cho tim nano mong.

Luén an da xay dung dugc chuong trinh tinh toan phan tich dao dong
cudng blic cho tim nano hitu co chiu tic dung tai trong dong
Solar_Nonlocal_Dynamic_2025 (SND_2025) ¢ d6 chinh x4c va tin cdy tot.

Luén an da khao sat anh huéng ciia mot s6 tham sd hinh hoc, vt liéu,
ngoai luc anh hudng dén dap ung dong luc hoc cta tim nano hitu co. Két
qué tinh toan cho thdy c6 mét s6 tham sb anh hudng 16n nhu ty 1& chidu dai
cac canh ctia tim, hé s6 can, tin s6 cua ngoai luc kich dong. Qua cac két qua
tinh toan, luin 4n nhan thiy ving gia tri ciia tham sd can 1a tir 0-10 khi tinh
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toan dbi voi tAm nano hitu co gém cac dac trung hinh hoc va vat liéu nhu
trong ludn an dé xuat. Do d6, khi thiét ké tim nano hitu co sir dung cho nhiing
yéu cau cu thé, ngudi ki su can luu y nhitng van dé trén dé két cdu hoat dong
dat dugc hiéu qua cao.

Két qua tinh toan trong chuong nay di dugc NCS thé hién trong cac
bai bao s6 1 va 2 (Danh muc c6ng trinh clia tac gia).

KET LUAN
Luan &n c6 nhimg déng gop mai noi bat sau

1. Pa thiét 1ap md hinh, xay dung phuong trinh can bang cho tim nano
hitu co trong truong hop téng quat ciing nhu trong bai toan udn khi chiu tai
trong tinh, dao dong tu do va dao dong cudng birc trong truong hop ¢ ké
dén hiéu tmg kich thuéc nho.

2. Str dung phuong phap PTHH, 1y thuyét dan hoi phi cuc bo xay dung
thuat toan giai bai toan udn tinh, dao dong tu do va dao dong cudng bic cua
tam nano hitu co c6 xét dén hiéu tmg kich thuéc. Két qua cho thay su khac
biét khi sir dung ly thuyét dan hdi phi cuc bo (xem xét anh hudng cua hiéu
g kich thudc nho) va ly thuyét dan hdi thong thuong (Bé qua anh huong
cua hiéu ung kich thudc nho).

3. Xay dung b6 chuong trinh SNS 2025, SNF 2025, SND . 2025 tinh
chuyén vi, ing suat trong truong hop tam nano chiu tai trong tinh, tan s dao
dong ty do, chuyén vi cudng bie ddi voi tim nano hitu co gdm niam 16p vét
liéu co xét dén anh huong cia hiéu tng kich thuéc nho. Chuong trinh da
duoc kiém chtng su chinh xac va tin cay.

4. Pa nghién ciru anh huong cia cac tham sé nhu hé s6 dan hoi phi
cuc b, kich thudc hinh hoc, hé s6 can, diéu kién bién, tan sé kich dong dén
dap (ng ubn, dao dong tu do, dao dong cudng birc cua tAim nano hitu co c6
xét dén hiéu tung kich thude. Céc két qua tinh todn cho thay anh hudng cua
hiéu tmg kich thudc tro 1én dang ké khi tam cé chiéu day 16n, khi tim cang
mong thi hiéu (ng Kich thuéc cang tré nén mo nhat.

5. Bo s6 liéu tinh toan cua ludn an c6 thé tham chiéu khi thiét ké két
ciu dang tdm nano hitu co chiu cac loai tai trong tinh, tai trong dong nhu cac
b tich trit nang luwong ¢ nho, cam bién, chip dién t, sensor.
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