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MO PAU

1. Tinh cip thiét ciia luin 4n

Tiéu thy nang lwong 1 nhu cau tat yéu cia tién bo xa hoi, trong nhimg
nam trudc day, dé phuc vu nhu cau ning luong, con ngudi da khai thac va
st dung rat nhiéu céac loai nhién liéu hoa thach, cac nguén nhién li€u nay
dang dan can kiét, va hé qua ciia n giy ra ciing vo clng tan khoc, do 1a huy
hoai méi trudng sdng ciia nhan loai. Ciing tir Iy do d6, nhu cau ddi véi cac
ngudn ning lwong than thién méi truong, c6 kha ning tai tao dang tré nén vo
cung cap thiét. Va that may min, con ngudi di tim ra cach sir dung ngudn
nang luong mat troi, day 1a mot trong nhirg ngudn nang luong tai tao hira
hen nhét, hoan toan khong gy 6 nhidm méi truong va khong bi can kiét. Dé
thu dugc ngudn ning lwong nay, don gian nhat 13 tao ra cac tam hap thu ning
luong tryc tiép tir 4nh sang mat troi, bién quang nang thanh cac dang ning
lwong khac phuc vu cho nhu cau cta con ngudi (Ngudi ta thuong goi d6 1a
tam pin mit troi). Dé st dung cac tAm hap thu nang lwong mat troi va chuyén
thanh dién ning mot cach hiéu qua nhat, can phai c6 nhimg nghién ctru chi
tiét téng 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 ciia tim nano hitu co nhiéu 16p
(day 1a két cdu tmg dyung dé 1am tAm pin mat troi).

Tir nhitng phan tich trén, ludn 4n nghién ctru lya chon dé tai: “Phéantich
finh va dong tim nano hiiu conhiéu 1op c6 ké dén hiéu tmg kich thude nho”.
2. Muc tiéu ciia luiin an

Nghién ctru dap g tinh va dong ctia két ciu tm nano hitu co chiu tai
trong tinh va dong trén co sé phuong phap phan tir hitu han va Iy thuyét dan
héi phi cuc bo.
3. Pdi twong va pham vi nghién ctru ciia luin an

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

Phuong phép phan tir hiru han dua trén Iy thuyét dan hoi phi cuc bo.

5. Y nghia khoa hoc va thue tién ciia Iudn 4n
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Bai toan phan tich dép tmg tinh va dong ctia tAm nano hitu co nhiéu
16p ¢6 ¥ nghia quan trong trong linh vuc co hoc két cau. Cac két qua nghién
ctru ctia ludn 4n co dong gdp mdi trong linh vire phan tich két ciu tim nano
hitu co, tham khao gia tri cho cac nha thiét ké va ché tao tim nano hiru co.
6. B6 cuc ciia luan an

Luan 4n gdm md dau, bon chuong noi dung, két ludn, cac cong trinh
khoa hoc cua tac gia, tai liéu tham khao.

CHUONG 1. TONG QUAN VAN PE NGHIEN CUU

Chuong 1 (26 trang), Chuong nay trinh bay tong quan vé vét liéu nano,
cong nghé ché tao, img dung ciia vat liéu nano. Cac 1y thuyét tinh toan ddi
v6i két cAu nano noi chung ciing nhu cac két qua nghién ctu dat duoc ddi
v6i cac két cau nano.

CHUONG 2. COSO LY TINH TOAN TAMNANO HUU CO
COXET PEN ANH HUONG CUA HIEU UNG KiCH THUOC
2.1. M6 hinh bai toan va cac gia thiét

Tam nano hitu co ¢6 mo hinh dwoc mé ta nhu trén hinh 2.1, tim gém

nam 16p vat liéu khac nhau.

T4m nano hiru co gdm nhiéu 16p vit liéu

B - PEDOT:PSS
77777 PEHT PR
!

T

a) Mo hinh 3 chiéu b) Mat cat ngang 2 chiéu
Hinh 2.1. M6 hinh tdm nano hitu co nhiéu 16p

Luan an st dung mét ) gia thiét nhu sau: TAm thoa man bién dang
cit cai tién, xem & z=0; Bién dang bé. Khong xét dén anh hudng cua nhiét
d6; Vat liéu dan hoi tuyén tinh; Khong xét sy bong tach giita cac 16p vat liéu
trong qua trinh chiu lyc; Hé sO dan hdi phi cuc bd va hé s0 can nhu nhau
trong mdi 16p vat licu.
2.2. Quan hé irng xir co hoc ciia tim



Dua trén Iy thuyét bién dang cit cai tién, truong chuyén vi cia tim
b

nano hitu co c6 dang nhu sau [58,87,88]: u(x, y,z)——zaa—x—

]
52wy, 2) = —2 50 = [, 7 w(x,y,2) = Wy (6,Y) + we(x, )

(2 1)
trong d6 ham f: ¢6 thé c6 ba dang nhu sau: ham da thic [87]: f, = + gﬁ’
Ham sin [88]: f, =z — Esm( ) Ham sin hyperbolic [89]: fZ =z—
h sinh (E) + z cosh (5)

Truong bién dang:
[ 9°wp [ 92wy 0
Exx 0x2 9x2
Eyy 92wy, 92wy 0
c dy? ay? 0
e=&y =21 5, o2 (T 920w (2.5)
| €xz | oxdy 920y ax
k&‘ z} %
Y 0 0 %)
\ o / \ o / Y

Luan an st dung 1y thuyét dan hdi phi cuc bd, do vy biéu thirc lién hé

giita tmg suét va bién dang trong 16p vat liéu thir i c6 dang [27], [89, 90]:

. cl.1 cl.2 0 sx t )
A-12v¥c'=|ci, ¢y © D‘£l+)(—£ 2.8)
0 0 ci ny

. ct 0V oy
(1 - 1272l = [ 33 653] {y;} Diyi+y ayt (2.9)

trong d6 y 1a hé s6 ké dén tinh dan nhot cua vat liéu va ¢ 13 bién thoi gian,
trong d6: I=(eo 7) 1a hé s6 nonlocal (nrn) o 12‘1 héng s, 7 1a hé sb phu thudc

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

Dé dua ra phuong trinh chuyén dong cuia tam nano hiru co, luén an str
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dung nguyén 1y ning luong toan phan cyc tiéu & dang sau [91]:

6U—-S86W —-40T=0

2.15)

trong d6 SU, SW va 8T lan luot 1a cac thanh phan bién phan thé ning bién
dang cta tdm, bién phan cong ciia ngoai lyc va bién phan dong nang cua tam.

Sau khi bién d6i phuong trinh cén bang ctia tim nano c¢6 dang:

(T 0*wy, 04wy 2*wy, \
Ale a 4 Bfll a 4 _AZIZaxzayz
B 04w 0*wy, 4B 0*wy
< 112 9x29y2 233 9x29y? I33 9x29y2 Swe b dxd
: L0 (wy w9, b Y
X2 ge\Taxt T axzay? " “axzay?
B 0 (0*w,  0%wy o 0wy
X\ Taxt T axzay? " “axzay?
0*wy, 04w, 2*wy, \
—Brin x4 —Drin—— oxt Sz 9x20y?
0*ws 0*wy, 0wy
_DfIZ—axzay_z - 4Bf33—6xzay_2 ~ D335 25,7
B 0 64Wb 84Wb a4Wb
+ L‘ “XCx 5\ oxt T axzay? ' “ox2ay? Sws ¢ dxdy
D 0 64WS+ 04wy 0*wy
X e\ ot T axzay? T “axzay?
o%w,  0*wy
| XA\ Gr T oye




( , Swg )
0<6w
[ l?h-/ . i \l [ 926w, \]
| 5Wb_zl_l| ;C | +p; lizh'

L h 325w, [— - I

lizhi azpz azpz
_(6wb+6ws)z A <ax2 + 3y?

|
S

rdxdy

~_—  ——
+
o X
LSO N
N T
17,
SN~—

HO(Wb + W) dwy,
a(wy, + W) 66wb
+ ox \

[ 1
| |
|+H°l a(wb + WS) 65wb |
| Y ")

R azwb OZWS OZWS
+ Hl axz 2 +H2 axz 6Wb
Ozwb azwb OZWS OZWS
f ) —VZ {Hll<ax2 ayz +H21 2 6Wb >d .
0 92w, azwb 62Ws xay
+4H, EP%) 6 > |+ H3 Swg
c')zwb 22wy, azw 62W
_ 2 H H S S
V{ﬂ(axz e (2 >} <

(2.43)
2.3. M6 hinh phin tir hitu han
Tam nano dugc chia thanh cac phan tir tir gidc bon nat (hinh 2.2), véc

qnvinatg, = Y4 we (Be) (Ows)  (Qwn)  (9ws
to chuyén vi nut g, = Zj:l WbJ'WSJ'( dx )]- ’ ( dx )j ! ( dy )] ! ( dy )]]
Cong thirc bién phén thé ning bién dang dan hoi:
68U, =q"'K,8q,+ q.C.oq, (2.57)

trong d6 ma tran d6 cling phﬁn tur:



Hinh 2.2. Biéu dién phén tir tt gi4c 4 nit.

K,=K?+KS
A, B
vii. k&=, (V] Vf][ 4 ] [Vf])dxdy

K: = f_Q (Vi AVy) dxdy

Va ma trin can phﬁn tir tam do tinh dan nhét cua vat liéu:

B vV
C, = VI v [ fXHZ]+ VTA V) |dxd
Xf ([ f] Bf)( Df){ Vf ( silsy s) Yy
Cong thirc bién phan dong ning
8T, = 4¢M.6q.

trong d6 ma tran khdi luong phf?m ta M. duge xac dinh

'an oFT oF
H —LtH,—
6x 1 ax + ax 2 ox
6Fb oFT OFg
] Hy =~ 3
dx 0x ox
oF} apb n aFgH 9F
M, = ay 1oy ay 2
oFT = OF oFT = 9F
+ S I_I2 b S 3 S
oy oy oy

FbHOFb + FTH,F
+FTHyF), + FTH,F,

(2.58)

(2.59)

(2.60)

(2.62)

(2.69)

(2.70)

Ttr biéu thirc bién phan céng ngoai luc, luan 4n rat ra véc to tai trong



nut cua phan tu:

az(Fb+Fs)T -I
IP dx?
z 02(Fp+Fy)T
P.= [, {(Fy + F)Tp 12| \+——= dxdy (2.74)
T (%P | %Py
k +(Fb +FS) (6x2 + ay2) )

Sau khi tap hop ma trén khoi luong phan tir, ma tran do cimg phan tir va
véc to lyc nat phan tir ta dwoc phuong trinh chuyén dong ciia tim nano hiru

co nhu sau:

M.g+Ci+K.q=P (2.78)

trongd6 M =Y .M,, C=Y.C.,K=Y.K,, P=Y,.P, lan luot 1a ma
tran khéi lugng téng thé, ma trin can téng thé, ma tran do cung téng thé va
véc to tai trong nit tong thé, con § = Yo e, § = Ye e, § = e qela véc to
gia tdc nut tong thé, véc to van tde nut téng thé va véc to chuyén vi nit tong
thé cta tAm nano hitu co.
2.4. Diéu Kién bién

Xét tAm voi cac diéu kién lién két khac nhau nhu lién két tira don (ky
hiéu 1a S), lién két ngam (ky hiéu 1a C). Diéu kién bién v6i timg trudng hop
cu thé d6i véi trudong hop tim chit nhat nhu sau:

- Tdm tua don tai x = 0vd x = a thi

wy; = 0,wg; = 0, (%)l =0, ("’a‘f)i =0 (2.79)
- Tam tya don tai y =0 va y = b thi
wy; = 0,wg; = 0, (‘%)l =0, (aa“:)i =0 (2.80)

-Tamngam taix = 0va x = a thi

owy owg dwy
Wy = 0,wg; = 0,(22) =0, (2%) (22
bi st dx /j ox /i "\ oy /;

- Tamngam taiy = 0va y = b thi
= =0 (2%) = (%) (2we) — o (2ws) =
Wi = 0, Wsi _0’(ax )i O'(ax )i'(ay )i 0'(6y)l- 0 (282)
Néu tAm c6 bdn canh tua don thi ky hiéu la SSSS, néu tAm c6 bdn canh ngam
thi ky hiéu la CCCC.

=0, (‘%) =0 (281)

4




2.5. Két luan chwong 2

Trén co s& Iy thuyét bién dang cét cai tién, 1y thuyét dan hdi phi cuc
b6 va phuong phap phan tir hitu han tac gia di xay dung dwoc ma tran do
clg ciia tAm, ma tran khdi luong va véc to lyc nit. Tir do, sir dung nguyén
1y ning luong toan phan cuc tiéu thiét 1ap dwoc hé phwong trinh chuyén dong
dé giai bai toan tim nano hitu co chiu tac dung cuia tai trong tinh va dong.

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

Céc biéu thtrc xay dung trong chuong nay 1a co sé khoa hoc dé xay
dung thudt toan va chuong trinh tinh gii 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 tng xir co hoc ctia tim nano
hitu co dugce tac gia cong bd trong cac bai bao thir 1-5 (Danh muc coéng 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 d6i voi tim nano hitu co chiu tai trong tinh:
K.q=P 3.1
Tir cong thie (3.1) tinh duoc véc to chuyén vi nat tong thé ciia tim:
q=K'P (3.2)

So d6 thuat toan giai bai toan tim nano hitu co chiu tac dung cua 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 moi
truong Matlab dé phan tich tinh tAm nano hitu co. Chuong trinh gom ba mo
dun chu yéu sau:

- M6 dun nhép s liéu, chia luéi phén tir.

- Mb dun giai bai toan tinh cho tAm nano hitu co.

- M6 dun xudt két qua.



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

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

Y

Tinh chuyén vi va ng suat

Y

Xuat cac ket qua:
chuyén vi, irng suat

Hinh 3.1. So d6 thuét toan giai bai toan tAm nano hitu co chiju tac dung cia

tai trong tinh.
3.2. Kiém tra d9 tin cdy ctia chwong trinh tinh
Phan nay s& dua ra cac vi du dé kiém tra do chinh xéc cta ly thuyét va
chwong trinh tinh toan bang ca phuong phap giai tich va phuong phap phan
ti hitu han. Dang nghiém Navier ciia phuong trinh (2.43) nhu sau:

wy(x,y) = Z i Whmn Sin (?) sin (%)

m=1n=1 (3.3)
Wo(6, ) = By iy Womnn sin (2 ) sin ()

trong d6 m va n la cac so tu nhién, va Wsmun, Wsmn 1a bién d6 cua cac chuyén
vi tuong ung. Tai trong tdc dung lén tdm véi bién dQ Pumar c6 biéu thirc xac
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dinh nhu sau:

D, (6, Y) = Tiny Ty gt sim (") sin (2 ) (34)

m2mn

Thay céc biéu thirc (3.3) va (3.4) vao (2.43), thu duoc hé phuong trinh
chi gdbm hai an $6 18 Wimn va Wens nhu sau:

K11 Klz] {Wbmn} _ {Pb}
K1 Koo) WomnS = LR (3.)
Giai phuong trinh (3.5), s€ thu duoc cac bi€n & Womn va Wimn:
{Wbmn} _ [Kun Klz]‘l {Pb} 37)
Wemn Kz1 Kzl (Fs

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

Vi du kiém chieng 1: Vi du nay so sanh chuyén vi udn tinh cia tim
nano c6 xét dén anh hudng ctia hiéu tmg kich thuéc thong qua tham s phi
cuc b 1. Tam ¢6 a = b= 10 nm, / bién ddi tlr a/10 dén a/100, E = 30 MPa,
v=0.3, p = 1, tai trong phan bd déu O=1, tAm tua don trén cac canh.

Chuyén vi khong thir nguyén 16n nhat duoc tinh toan theo cong thuc
w=10"k"w,, /(12(1-v*)Q,a*) . Bang 3.1 trinh bay s hoi tu cta két qua

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

Bang 3.2 trinh bay két qua so sanh chuyén vi 16n nhét véi cac tham sd
phi cuc bo khic nhau va tham s6 chiéu day khac nhau, két qua tinh toan nay

ching to cac két qua tinh toan bang phwong phap giai tich va phuong phap
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phan tir hiru han rat gin nhau va gan véi két qua di cong bd trong tai liéu
[45], su khac biét & ddy 1a do ly thuyét tinh toan cta tai liéu [45] dua trén Iy
thuyét bién dang cit bac ba, con trudng chuyén vi trong luan an dya trén ly
thuyét bién dang cat kiéu méi.

Bang 3.1. Sy hdi tu cia chuyén vi 16n nhét i ctia tim nano chiu tac dung cua
tai trong tinh, a/h = 10,[45] stt dung 1y thuyét bién dang cat bac ba

Ké't‘qué cta luan an st dung Két qua
! phuong phép phan tir hitu han vdi ludi chia khac nhau giai tich
(nm) 66 | 10<10 | 14x14 | 16x16 | 18x18 | 20x20 | [45]

f-1a ham da thac

0 | 4394 | 4314 | 4000 | 4287 [ 4283 [ 4281 | 4.185

0.5 | 4.583 4.506 4484 | 4478 | 4475 | 4472 4.560

I | 5151 | 5081 | 5059 | 5053 | 5049 | 5046 | 4936

/- 1a ham sin

0 | 4393 | 4313 | 4292 | 4286 | 4953 | #280 | 4185

05 | 4583 | 4505 | 4483 | 4478 | 4474 | 4472 | 4560

1| 5152 | 5081 | 5058 | 5052 | 5049 | 2040 | 4936

= 1a ham sin hyperbol

0 | 4394 | 4314 | %292 | 4287 | 4083 | 4281 | 4185

05 | 4583 | 4506 | 44984 | 4478 | 4475 | 4472 | 4560

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

Bang 3.2. So sanh chuyén vi khong thir nguyén W ctia tim nano vdi cac két

qua giai tich, [45] sir dung 1y thuyét bién dang cit bac ba

Luan an Két qua
! (nm) gidi tich
LAl | LA2 | LA3 | LA4 | LAS | LA6 [45]
a/h=10
0 | 4261 [ 4261 | 4061 | 4287 | 4286 | 4287 | 4.185
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0.5 4447 | 4446 | 4447 | 4478 | 4478 | 4478 4.560
1 5004 | 5.003 | 5.004 | 5053 | 5052 | 5.053 4.936
a/h=50
0 4063 | 4.063 | 4.063 | 4.085 [ 4.085 | 4.085 4015
0.5 4244 | 4244 | 4244 | 4269 | 4269 | 4269 4377
1 4786 | 4786 | 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 4237 | 4237 | 4237 | 4263 | 4.263 | 4.263 4372
1 4779 | 4779 | 4779 | 4816 | 4816 | 4.816 4.734

Ghi cha: LA1: Loi giai dang giai tich, fz1a ham da thuc; LA2: Loi giai

dang giai tich, fz1a ham sin; LA3: Loi giai dang giai tich, £ 1a ham sin
hyperbol; LA4: Loi giai FEM, f:1a ham da thuc; LAS: Loi giai FEM, f1a
ham sin; LA6: Loi gidi FEM, f:1a ham sin hyperbol

3.3. Khio sat anh hwong clia mot s6 tham s6 dén dap wng udn tinh ciia
tam nano hiru co

TAm nano c6 cac tham s a, b, h, ty 1€ a/b thay ddi tir 1 dén 4, ty 1€

chiéu day a/h thay dbi tir 10 dén 50. TAm gdm 5 16p vat lidu, tong chidu day

12 £ = 0.55044 nm, mdi 16p co chidu day 1a &;, chiéu day cac 16p twong tng
14 550:0.120:0.050:0.170:0.100. Céc déc trung co tinh cua tung 16p dugc cho

nhu trong bang 3.5, tai trong phan bd déu c6 cudng dd 1 Pras.

Bang 3.5. Cac dic trung co tinh tung 16p vt liéu cua nano hitu co [48]

, M6 dun 6 o Khéi
T’hu’ by Tén goi dan hoi Podt x6 luong riéng
16p (GPa) oat xong (k g/m3)

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 véi bai toan udn tinh 1a
o LORE, a b
chuyén vi va ing suat cia diém gitta tam: w = 7 w(x = E,y = Ej ;
o, = Phoaax(x=g,y=§,z:§), trong d6 ho = 1 nm. Dé thiy 16 anh

hudng ciia hiéu tmg kich thuéc nho dén dap tmg ciia tim nano hitu co, nghién
clru nay tinh toan sy khac biét giira truong hop bo qua tham sé dan hoi phi
cuc bd /; va truong hop co tinh dén tham sé dan hoi phi cuc bd £, cong thirc
tinh toan sy khac biét nay nhu sau:

oowr(=0) o, (,#0) o, (1, #0)
Dif. = w*(1,=0)’ Dif = o, (L =0) o, (I, =0)

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

; Diff,, = (3.9)

Ludn 4n cho tham sb phi cuc bd ciia mdi 16p /; bién doi tir 0 dén 24, ty
1¢ chiéu dai va chiéu day cua tam bién doi tir 10 dén 50, két qua tinh toan
dugc thé hién nhu trong cac bang 3.6 va 3.7. Cac nhan xét dugc rit ra:

+ Néu tham s6 dan hdi phi cuc bd ; c6 gia tri cang 16n thi ca chuyén
vi va ing suét ctia tim nano hiru co co gia tri cang 16n, didu nay ching té
tham s6 dan hdi phi cuc bd da lam giam d6 cimg cta tim nano hitu co.

+ Cac két qua tinh toan bang ca phuong phap giai tich va phuong phap
phan tir hitu han véi ba Iy thuyét tim khac nhau déu cho cac két qua gan
gidng nhau, diéu nay chimg té rang c6 thé dung phuong phap tinh giai tich
hodc phuong phap sb dé giai quyét bai toan uén ciia tim nano hiru co.

Hinh 3.2 1a db thi biéu dién su khac biét ciia chuyén vi va ng suét
theo ty 1¢ Ii/h tmg véi ba gié tri cia ty 1¢ chidu dai va chiéu day a/h, khi ty 18
a/h =10, thi sy sai léch cta chuyén vi va tng suét (gitra hai trudng hop tinh
dén tham s phi cuc bd va bé qua tham s phi cuc bd ;) cang rd rét khi ty 16
I/h nhéan gia tri cang 16n. Tuy nhién ddi voi trudng hop a/h =50 thi sy sai
léch gitta hai truong hop nay lai khong 13 rét (sai léch 16n nhit ciia chuyén
vi khong vuot qua 3% tng v6i li/hi = 2), didu ndy ciing c¢6 nghia riang néu
khong yéu cau d6 chinh xac qué cao thi c6 thé b qua anh hudng cta tham
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s0 dan hoi phi cuc b, va s€ don gian tinh toan hon rat nhicu.

Bang 3.6. Chuyén vi uén w* phy thudc ty 18 a/h va tham s phi cuc bo /;

lifhi 0 0.2 05 | 10 1.5 2.0

a=10h

LAl 2.9347 | 29552 | 3.0625 | 3.4458 | 4.0847 | 4.9791

LA2 | 29345 | 29550 | 3.0623 | 3.4456 | 4.0845 | 4.9788

LA3 | 29347 | 29552 | 3.0625 | 3.4458 | 4.0847 | 4.9791

LA4 | 29068 | 29276 | 3.0365 | 3.4257 | 4.0742 | 4.9822

LA5 | 29066 | 29273 | 3.0363 | 3.4253 | 4.0737 | 4.9815

LA6 | 29068 | 29276 | 3.0365 | 3.4257 | 4.0742 | 4.9822

a=20h

LAl 2.8375 | 2.8425 | 2.8689 | 2.9629 | 3.1196 | 3.3389

LA2 | 2.8375 | 2.8425 | 2.8688 | 2.9628 | 3.1195 | 3.3389

LA3 | 2.8375 | 2.8425 | 2.8689 | 2.9629 | 3.1196 | 3.3389

LA4 | 2.8091 2.8141 2.8406 | 2.9354 | 3.0933 | 3.3144

LAS | 2.8090 | 2.8141 2.8406 | 2.9354 | 3.0933 | 33144

LA6 | 2.8091 2.8141 2.8406 | 2.9354 | 3.0933 | 3.3144

Béng 3.7. Ung suit g, phu thudc ty 1¢ a/k va tham s6 dan hdi phi cuc bo /i

Whi | 0 0.2 0.5 1.0 1.5

a=10Ah

LAl 4.8630 4.8818 4.9804 5.3327 5.9200

LA2 4.8643 4.8831 49816 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

LAS 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

LAS 9.8781 9.8913 9.9606 10.2084 10.6213
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‘ LA6 9.8770 9.8901 9.9592 10.2057 10.6165
18— Giai tich 14 —+—PTHH: a/h=10
1.7/ —— PTHH ? 1.35| —e—PTHI: a/h=20
—8—PTHH: a/b=50
16
1.5¢
14
13+
12t

1.1p

1

05 I/h; 1 15 2
Hinh 3.2 Biéu d6 biéu dién sai s ctia chuyén vi va ing suat phu thudc 1i/h:
ung voi cac truong hop cua ty 1€ a/h, f:1a ham da thuc, a/b=1

- Anh hwéng ciia ty 1é chiéu dai b/a va tham sé dan héi phi cuc b

Bang 3.8 va 3.9 thé hién chuyén vi va img suét ctia tim nano hitu co
v6i trudng hop ty 1& chidu dai cac canh tam b/a va ty 18 I/h: nhan céc gid tri
khac nhau. Céc két qua tinh toan thé hién rang:

V6i cac gia tri cua ty 18 b/a khac nhau thi khi gid tri cta tham sb dan
héi phi cuc bo I cang 16n, thi s sai 1éch giita chuyén vi va Gmg sudt ctia tim
nano hitu co so véi truong hop tinh theo 1y thuyét c¢6 dién. Diéu nay tiép tuc
khang dinh ring khong thé bo qua anh hudng ctia tham sé dan hoi phi cuc bo
khi tinh toan d6i véi tim nano hitu co. Két qua tinh toan bang phuong phap
phan tir hitu han va phuong phép giai tich véi ca ba ly thuyét bién dang cat
déu cho két qua rat gan nhau.

Trén hinh 3.3 trinh bay két qua tinh toan sai khac tmg suat va chuyén
vi theo ty 1€ i/ hi, su sai 1éch nay tang dan khi tang gia tri cua tham s6 dan hoi
phi cuc bg /i, va su sai Iéch nay giam dan khi ty 1€ b/a tang dan. Nhu vay su
sai 1éch Umg suat va chuyén vi trong truong hop c6 tinh dén 1y thuyét dan hoi
phi cuc bo va tinh theo 1y thuyét ¢6 dién phu thudc vao ca ty 18 chiéu dai cac
canh cta tim va ty 18 chiéu dai so vé6i chiéu day cta tim nano hitu co.

Bang 3.8. Chuyén vi un w* ciia tim nano phu thudc ty 18 b/a, a/h=10
Whi | 0 | 02 0.5 1.0 1.5
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 16 b/a va tham s dan hoi phi cuc b /i
lilhi LAl LA2 LA3 LA4 LAS LAG6
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 | 49804 | 49816 | 4.9803 5.1267 5.1287 | 5.1265
02 | 4.8818 4.8831 48816 | 49868 | 4.9887 | 4.9867
0 4.8630 | 4.8643 4.8628 | 4.9602 | 4.9621 4.9600

1.5 1.4
Giai tich =+—PTHH: b/a=1
—+— PTHH 1.35) —e—PTHH: b/a=2
1.4r —8—PTHIL b/a=4

8 05 " 1 15 0 05 i 1 15
Hinh 3.3. Biéu do biéu dién sai sd ctia tmg suit va chuyén vi theo ty 18 Ii/h:
ung voi cac truong hop cua ty 1€ b/a, f-1a ham da thiic, a/h=10
3.5. Két luan chwong 3

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

Tac gia di xdy dung duoc thuat toan phan tir hitu han va chuong trinh
Solar Nonlocal Static 2025 (SNS_2025) tinh toan tdm nano hitu co ¢é tinh
dén hiéu tmg kich thudc. Tac gia ciing dua ra 10i giai dang Navier dé kiém
chimg v6i 10i giai bang phuong phap phan tir hiru han. Két qua tinh toan ctia
phuong phap phan tir hiru han dugc so sanh véi cac két qua tinh bang phurong
phap giai tich va véi cac két qua da cong bd cho thay do chinh xac va tin cdy.

Qua céc két qua khao sat, luan 4n nhan thay tuy thudc vao thong sb
hinh hoc ctia tAm, anh hudng cua hi¢u ung kich thudce (thong qua tham sO
dan hdi phi cuc bo) s& khac nhau. Do d6, khi thiét ké tAm nao hitu co sir dung
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cho nhitng yéu cau dic biét nguoi ki su can luu ¥ nhitng van dé trén dé két
cAu hoat dong dat duoc hi¢u qua cao.
Noi dung cta chuong nay da duoc cong bd trong bai bao thir 1 (Danh
muc cong trinh cla tac gia).
CHUONG 4. PHAN TiCH PAP UNG PONG CUA TAM NANO
HUU CO CO XET PEN ANH HUONG CUA HIEU UNG KICH
THUGC VA KHAO SAT ANH HUONG CUA MQT SO YEU TO
4.1. Bai toan dao dong riéng
Phuong trinh dao dong tu do khong can ciia tAm nhu sau:
Mg+ Kq=0 4.1)
Pé tim tan s6 dao dong ty do va cac dang dao dong riéng twong Umg
clia tdm nano hitu co, gia thiét nghiém cua (4.1) ¢6 dang: q = q, sin(wt),
trong d6 q, 12 bién d6 va w 13 tan s6 dao dong cua tim. Tir d6 phwong trinh
dao dong tu do (4.1) dan t6i bai toan trj riéng c6 dang nhu sau:
(K—Mw?)q,=0 4.2)
Phuong trinh (4.2) 13 hé phuong trinh tuyén tinh thudn nhat va c6
nghiém khong tim thuong q, # 0 khi va chi khi dinh thirc cta ma tran
(K — Mw?) bang khong:
det (K—Mw?) =0 4.3)
Giai phuong trinh (4.3) ta tim dugc N gia tri tan sb riéng w; cua két
c4u. Twong tng voi mdi tan sé riéng w; thay vao phwong trinh (4.2) ta tim
dugc véc to riéng q; tuong Gng.
So d6 thudt toan giai bai toan dao dong riéng tim nano hitu co duoc
thé hién nhu Hinh 4.1.
Trén co so thuat toan trinh bay & trén tac gia da xay dung bd chuong
trinh tinh Solar Nonlocal Freevibration 2025 (SNF_2025).
Déi vai bai toan dao dong riéng, tir phuong trinh (2.43), khong xét dén
vé phai va bo qua can, luan an st dung dang nghiém Navier nhu sau:

0 0

wp(x,y) = Z Z Wymn sin (?) sin (?) et (4.4)

m=1n=1

. (mnx\ . (nay\ ;
ws(%,¥) = Lim=1Xn=1 Wemn Sin (T) sin (T) el®t
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Y
Nhip 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: Tan so,
cac dang dao dong

Hinh 4.1. Sodd giai thust giai quyét bai todn dao dong riéng tim nano hitu co
trong d6 m va n 1a cac s6 tu nhién, va Womn, Wemn 12 bién d0 cta céc chuyén
vi twong g, i’ = -1, w 12 tan s dao dong ctia tim. Thay céc biéu thirc (4.4)
vao (2.43), ta thu dugc hé phuong trinh nhu sau:

Ki1 =My Kip— MIZ] {Wbmn} _ {0} (4.5)

K21 = Mz1 Kzz = Mo | (Wspmn) 10 ’
Giai phuong trinh (4.5), ta s€ thu dugc céc tan so dao dong riéng va cac dang
riéng twong tng. Luan an st dung dang nghiém gdm ba s hang dau tién.

Bang 4.3 trinh bay két qua tinh toan tin s6 dao dong riéng dau tién ciia

tam nano hitu co, bang viéc nhin vao cac sb liéu nay, ching ta thiy rang khi
tang ty 1& I/h: thi tan sb dao dong riéng cua tAm giam xudng, va khi tAm cang
mong (thé hién & ty 1& a/h cang 16n) thi sy giam cta tdn s6 dao dong riéng
dau tién cua thm cang khong 10 rét. Hinh 4.2 thé hién sy khac biét cua tan sd
dao dong riéng diu tién trong trudng hop tinh dén anh huong cia tham sb
dan hoi phi cuc bd va bo qua anh hudng cta tham sé nay, ngudi ta thiy ring
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khi tim cang mong (ttc ty 18 a/h cang 16n) thi sy khac biét tan s dao dong
riéng dau tién giita hai trudng hop nay 1a cang nho, vi du nhu truong hop
a/h=50, su khac biét gitra hai truong hop la chua dén 4%, néu khong can do
chinh xé4c cao, c6 thé khong can tinh dén anh hudng cta tham sb dan hoi phi
cuc bo /.. Nhung vdi ty 16 a/h=10, c6 thé thiy rang khi ty 1& I/h: cang 16n thi
viéc bo qua anh hudng ciia tham sb dan hdi phi cuc bd /i s& khong con chinh
xéc khi tinh toan dao dong riéng clia tim nano hitu co.
Bang 4.3. Tan s6 dao dong riéng dau tién w; ciia tAm nano hitu co phy thudc
vao a/h va tham s6 dan hoi phi cuc by, bla =1, & = @h\[p s | E s
lihi | LAl LA2 LA3 LA4 | LAS | LAG6
a=10h
2.0 | 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
0.5 | 0.0561 0.0561 0.0561 0.0552 0.0552 0.0552
a=20h
2.0 | 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 a
Tt
0.95
a’h=50
.
0.9 B
=° ah=20
3
0.85
0.8 a/h=10
— Giai tich
0.75 S . .
0 0.5 1 ',f/hi 1.5 2

Hinh 4.2. Sy khac biét ciia tan s6 dao dong riéng dau tién trong trurdong hop
c6 tinh dén anh huéng cia hiéu tmg kich thudc va truong hop bo qua hiéu
ung kich thudc, - 1a ham da thac
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4.2. Bai toan dao dong cudong birc )
Phuong trinh dao ddng cudng bitc ¢6 can cua tam nano hitu co nhu
(2.78) dugc viét lai nhu sau:
MG+ C4+Kq=F “4.7)
Dé giai phuong trinh (4.7), ludn 4n st dung phuong phép tich phan
tryc  tiep Newmark va x4y dung bd chuong trinh tinh
Solar Nonlocal Dynamic 2025 (SND_2025), so d giai thuat nhu hinh 4.6

Nhép s lidu déu vao: kich thudc
luéi chia, AL,n,0y,0,...

v

Tinh cac dai lugng

K, M, C,4,.4,.4,. K

v

t=t+At

v

Tinh F_

t+At
*

. _ !
Tinh 9ini = K F:‘+A1

v

Tinh qr+Ar s qt+Ai

v

Tinh & & ., F

1AL Tt+AL T AL

Y

=n

Saij<n

DPung j

A

/ Xuiét cac két qua /

Hinh 4.6. So d thuat toan giai dbi voi bai toan dao dong cudng birc

cho tdm nano hitu co.
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Tam chiu tai trong phan bd déu va bién doi theo quy luat:
p, = Po. F(t), trong d6 Pola bién do tai trong, con ham F(f) bién doi theo
thoi gian va c6 hai dang sau: Tai trong dang hinh sin:

. t
— <t<
F(t) = Sln(wtl) O_t_tl; t=5ms;
0 t>t,
t

1-— 0<5t<t
Tai trong dang hinh tam giac: F(t) = { ty !

0 t>t,

N A oz L 1s Aok Egh® a b
Thong so tinh toan 1a chuyén vi tai gilra tam: w* = #W (5, E); ao=10h.
0%o

Trong cac két qua tinh toan duéi day, chiéu day 4 cta tim khong thay
ddi h=0.55044 nm, tai mdi vi du sé dudi ddy tham sé chiéu dai canh tdm a,
b c6 thé thay doi.

Tham sb can ciia tAm nano hitu co duoc tinh theo cong thirc khong thir

nguyén ctia tham s6 dan nhét a = EL, trong trudng hop tong quat, tham sb
Al

can nay phu thudc vao dac trung tung loai vat liéu, va can phai c6 thi nghiém
dé xac dinh chinh x4c hé sb nay. Tuy nhién, dé thuan loi cho qua trinh tinh
toan, luan 4an chi xem xét truong hop tham sb can khong thay dbi trong tat ca
cac 10p vat lidu, gia tri cia n6 dwoc ldy trong pham vi tir 0 dén 107,
- Anh hwéng ciia tham s6 cin

Su bién doi cta chuyén vi gitra tim theo thoi gian tuong ng vai cac
gia tri khac nhau cua hé s6 can duoc thé hién nhu trén céac hinh 4.9-4.12, mot
sb nhan xét dugce rit ra nhu sau:

- Trong truong hop bo qua can, khi ngoai luc ngimg tac dung thi tim
s& tiép tuc dao dong tu do va khong bi tat dan. Nhung khi xét dén can cua
két cdu thi khi ngoai luc ngimg tic dung, dao dong ciia tim s& giam dan. Khi
tang hé s can, chuyén vi s& tién dan vé 0 nhanh hon, diéu nay 1a do ning
luong dao dong cua tAm bi tiéu hao boi can s& nhanh hon. Va véi tham sb
can @ = 10™ thi dao dong cua tam nano tit dan nhanh sau khi ngoai luc
ngimg tac dung, do vy co thé xem gid trj ciia tham sé can ndm trong khoang
gid tri 0-101a viing gia tri ctia tham s can dbi voi tdm nano hiru co ¢6 cac
dac trung hinh hoc va vét liéu nhu trong luan an da xét.

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

300 — 10" —a-105 ——a-107], 1

2

. 0.5F ‘ ‘ ‘ '

* * AT
. . ' ‘ MH Mﬂli"‘uyuywluww ([T

, 0.5 ‘H “H H ‘

:z . o

- -1.5 :::3:
R 0.2 04 ¢ 06 0.8 1 a , , , —a=10"
Hinh 4.9. Sy bién di cia chuyén ~ * 2 0 e 0608 1

vi theo thoi gian SSSS, tai tam Hinh 4.10. Su bién doi cia chuyén
gidc, f- 12 ham da thuc, l/hi= 1 vi theo thoi gian CCCC, tai tam

alh=50, t*=t/2t: giac, lithi=1, a/h=50
. 1 —
—a=10"°
0.5 —a=10"1
B
0
-0.5
2o 02 04 ¢ 06 08 1 o 02 04 ¢ 06 08 1
Hinh 4.11. Su thay d6i caa Hinh 4.12. Su bién d6i cta chuyén
chuyén vi theo thoi gian SSSS, tai vi theo thoi gian CCCC, tai hinh
hinh sin, /i/hi=1, w = 5, sin, li’hi=1, w = 5m, a/h=50

alh=50, t*=t/2t
- Anh hwéng ciia tan so6 tii trong tic dung lén tim
Khi tan sb ngoai lyc dung bé'mg tan sb dao dong tu do cta tam, chuyén Vi
16n nhit ctia tAm ting dan theo thoi gian, day chinh 13 hién twong cong hudng
d6i v6i tAm nano hitu co. Hé s6 can cang 16n, thi chuyén vi cong huéng cang
cham, diéu nay 1a do ning lugng ciia tAm nano hitu co bj mat mat cang 16n.
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300

500 r ——
—a=0 } a=0 .
— =10 | —a=10"
— =107 i 2 —a=10° | "
ﬂ 100 il ‘ [
) AVAVAVAMM AU Lo 1 |
T
| - MLE A | "
| i
| 200
|
|
|
00 0.2 0.4 ¢ 0.6 0.8 1 300 0.2 04 ¢« 0.6 0.8 1
Hinh 4.21. Su bién d6i ciia chuyén  Hinh 4.22. Sy bién ddi ctia chuyén
vi theo thoi gian va hé s6 can a, vi theo thoi gian va hé sO cén a,
SSSS, tai hinh sin, lithi= 1, w = CCCC, tai hinh sin, lihi= 1, w =
w1 tl’ bla :2, a/h=50 wltl’ bla :2, a/h=50

4.5. Két luan chwong 4

Két qua chuwong 4 d3 giai quyét nhitng ndi dung chi yéu sau

D3 x4y dung duoc chuong trinh may tinh dé phan tich dao dong riéng
clia tdm nano hitu co Solar Nonlocal Freevibration 2025 (SNF_2025).
Chuong trinh kiém chimg véi cac két qua da cong bd cho thay do tin cay.

Luan 4n da chi ra anh huéng cua tham sé dan hoi phi cuc bo va chiéu
day tdm dén tan s6 dao dong riéng ctia tAm nano hiru co khi str dung ca 1o
giai bang phwong phap phan tir hiru han va 10i giai bang phuong phép giai
tich. Két qua tinh toan cho thay d6i v6i tim day (a/h=10) thi anh huéng cua
tham sb dan hoi phi cuc bd thé hién rd rét, tuy nhién véi tim mong (a/h=50)
thi anh huong ciia tham sé nay rit mo nhat, do vay néu khong yéu cau qua
cao vé d6 chinh xac thi c6 thé bo qua tham s6 dan hoi phi cuc bo khi tinh
toan cho tim nano mong.

Luan an da xay dyng dugc chuong trinh tinh toan phan tich dao dong
cudng buc cho tim nano hitu co chiu tac dung tai trong dong
Solar Nonlocal Dynamic 2025 (SND 2025) ¢6 d6 chinh xé4c va tin cdy tot.

Luén an da khéo sat anh hudng ciia mot s6 tham s hinh hoc, vt liéu,
ngoai luc anh huéng dén dap ung dong luc hoc ciia tim nano hitu co. Két
qua tinh toan cho thiy c6 mot sb tham sé anh hudng 16n nhu ty 16 chidu dai
céc canh caa tim, hé s can, tan s cua ngoai luc kich dong. Qua cac Kkét qua
tinh toan, ludn 4n nhan thiy ving gid tri cia tham s6 can 1a tir 0-10* khi tinh
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toan dbi v6i tAm nano hiru co gdm cac dic trung hinh hoc va vat liéu nhu
trong luan an dé xuat. Do d6, khi thiét ké tim nano hiru co sir dung cho nhiing
yéu cau cu thé, ngudi ki su can luu y nhimg van dé trén dé két cdu hoat dong
dat dugc hi€u qua cao.

Két qua tinh toan trong chwong nay da dugc NCS thé hién trong cac
bai bao s6 1 va 2 (Danh myc cong trinh ciia tac gia).

KET LUAN
Ludn 4n c6 nhitng déng gép méi ndi bat sau

1. Da thiét 1ap mo hinh, xay dung phwong trinh can bang cho tdm nano
hitu co trong trudng hop tong quat ciing nhu trong bai toan uén khi chiu tai
trong tinh, dao dong tu do va dao dong cudng buc trong trudng hop co ké
dén hiéu tmg kich thudc nho.

2. Sir dung phwong phap PTHH, 1y thuyét dan hdi phi cuc bo xiy dung
thuat toan giai bai toan udn tinh, dao dong tu do va dao dong cudng biic cua
tam nano hitu co c6 xét dén hiéu tmg kich thudc. Két qua cho thay su khac
biét khi st dung 1y thuyét dan hoi phi cuc bd (xem xét anh hudng cia hiéu
g kich thudc nho) va 1y thuyét dan hdi théng thuong (Bé qua anh hudng
cua hiéu ung kich thudc nhd).

3. Xay dung b chuong trinh SNS 2025, SNF_2025, SND 2025 tinh
chuyén vi, mg sut trong trudng hop tam nano chiu tai trong tinh, tan sé dao
dong tu do, chuyén vi cudng btrc dbi voi tim nano hiru co gdm nam 16p vt
liéu c6 xét dén anh huong cua hiéu tmg kich thudc nho. Chuong trinh da
dugc kiém chung su chinh xac va tin cay.

4. P nghién ctru anh huong cua cac tham sé nhu hé sd dan hdi phi
cuc bo, kich thudce hinh hoc, hé s6 can, diéu kién bién, tan sb kich dong dén
dap tmg udn, dao dong tu do, dao dong cudng birc ciia tim nano hitu co co
xét dén hiéu tng kich thudc. Cac két qua tinh toan cho thdy anh hudng cia
hiéu tmg kich thudc tro 1én dang ké khi tm co chiéu day 16n, khi tim cang
mong thi hi€u ung kich thude cang tré nén mo nhat.

5. B sb liéu tinh toan cua ludn an c6 thé tham chiéu khi thiét ké két
clu dang tAdm nano hitu co chiu céc loai tai trong tinh, tai trong dong nhu cac
b6 tich trit ning lwong ¢& nho, cam bién, chip dién tir, sensor.
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