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LOT NOI PAU

Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén viing - ERSD dugc
Trudng Pai hoc Mé - Dia chit (HUMG) va cac dbi tac t6 chirc 2 nam mot lan dé cac nha chuyén mon
trong va ngoai nudc tu hoi, gisi thiéu nhiing két qua va huéng nghién ctru khoa hoc méi, thao luan vé
cac xu thé phaét trién, thach thirc va co hoi mai déi véi nhidu linh khac nhau cua Khoa hoc Trai dat,
Tai nguyén va cac nganh khac cé lién quan.

Tiép ndi thanh cdng caa Hoi nghi lan thir nhat nam 2018 (ERSD 2018) va dugc sy cho phép cua
B Giéo duc va Dao tao, Hoi nghi Toan qubc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén viing
1an thir hai (ERSD 2020) dugc Truong Pai hoc Mé - Bia chat (HUMG) ding cai t6 chirc vai su phdi
hop ddng t6 chirc cua nhidu don vi quan 1y, nghién ctu khoa hoc, dao tao va san xuét cé uy tin trong
nuéc gom Tap doan Cong nghiép Than - Khoang san Viét Nam, Tap doan Dau khi Qudc gia Viét
Nam, Téng cuc Dia chit va Khoéang san Viét Nam, Cuc Po dac, Ban d6 va Thong tin dia ly Viét Nam,
Vién Dia chit va Dia vat ly bién, Vién Khoa hoc Bia chat va Khoang san, Truong Pai hoc Cong nghé
DPodng Nai, Trudong Pai hoc Pong A, Truong Dai hoc Thit Dau Mét, Tong hoi Dia chat Viét Nam, Hoi
Khoa hoc Cong nghé Mo Viét Nam, Hoi Cong trinh ngam Viét Nam, Hoi Dia chat Thiy vin Viét
Nam, Hoi Dia chit Cong trinh va Méi truong Viét Nam, Hoi Ky thuat N6 min Viét Nam, Hoi Khoa
hoc Ky thuat Bia vat ly Viét Nam, Hoi Tric dia - Ban d6 - Vién tham Viét Nam, va véi sy tham gia
ctia nhiéu t6 chiic va ca nhan khac.

Céc chii dé chinh cua Hoi nghi 1an nay tap trung vao thao luan cac két qua khoa hoc céng nghé
va hudng nghién ctu méi cua Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va st dung tai
nguyén dia chat, Moi truong va cac linh vuc khoa hoc khéc ¢6 lién quan nhu Co - Dién, Cong nghé
Théng tin, Xay dung, ... ciing nhu viéc (ng dung chiing vao phét trién bén vimg ddi vai nhiéu linh
vuc khac nhau cua khoa hoc cong nghé, kinh té va x& hoi.

Trong qué trinh t& chae Hoi nghi, Ban T6 chirc d& nhan dwoc s quan tdm caa dong dao céc nha
khoa hoc, chuyén mon va quan 1y trong va ngoai nudc, trong d6 ¢6 hon 300 bao cdo khoa hoc lién
quan toi cac chu d& cua Hoi nghi di duoc gui toi Ban bién tap. Trén co s& do, 255 bio céo co chat
luong di duoc lya chon va xuat ban trong Tuyén tap tém tit cac bédo cao va Tuyén tap cac béo cao
toan van cua Hoi nghi. Bao cdo toan vin dugc tap hop thanh 16 tap, mdi tap ang véi mot cha dé khoa
hoc sau:

1. Pja chat khu vuc

2. Pia chat cong trinh - Pja chat thiy vin

3. Tai nguyén dia chat va phat trién bén viing

4. Méi truong trong khai thac tai nguyén va phat trién bén viing
5. An toan mg

6. Cong nghé va thiét b khai thac

7. Thu héi va ché bién khoang sdn

8. Cong trinh ngam va Dja ki thudt

9. Vat liéu va két cau

10. Kj thugt dau khi tich hop

11. Trdc dia

12. Ban do, Vién tham va Hé thong thong tin dia Iy

13. Khoa hoc Co ban trong linh vuc Khoa hoc Trdi dét va Méi trieong
14. Co khi, dién va Tu dong hoa

15. Cong nghé thong tin

16. Phan tich di liéu va hoc may

Toan bo thong tin khoa hoc vé hai nghi, trong d6 c6 Tuyén tap cac bo céo toan vin, dugc dua
I1&n trang Website chinh thirc caa Hoi nghi tai dia chi: http://ersd2020.humg.edu.vn/.

Ban t6 chirc xin tran trong cam on Trudng Pai hoc M6 - Pia chat, voi tu cach 1a don vi dang cai
t6 chirc Hoi nghi, cing cac don vi déng té chie da hop tac va gép phan quan trong vao su thanh cong
ctiia Hoi nghi ndy. Cam on cac nha khoa hoc di dong gop cac cong bd khoa hoc 6 gié tri cho Hoi
nghi. Ban to chirc ciing danh gia cao su nd lyc cua Ban bién tap va cac chuyén gia bién tap dé nang
cao chat lugng cua cac bao cao khoa hoc ciing nhu sy ¢6 gang I6n caa Ban thu ky trong viéc chudn bi


http://ersd2020.humg.edu.vn/

va to chirc hoi nghi nay.

Ban t6 chirc mong muén tiép tuc nhan dwoc su hop tac chit ché va gop y chan thanh caa cac don
Vi va ca nhan ddi véi viéc chuan bi, to chuc, bién tap, va xuét ban cac béo cao khoa hoc, nham nang
cao chét luong cua cac hoi nghi tiép theo, gép phan thuc day su phét trién bén vitng cua cac hoat dong
nghién ciru khoa hoc, chuyén giao cdng nghé thugc cac linh vuc Khoa hoc Trai dat va Tai nguyén va
cac linh vuc khoa hoc khéc ¢6 lién quan.

TRUONG BAN TO CHUC
GS.TS Tran Thanh Hai
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Théng ké R trong bai toan tim khoang tin cay
cho tham s6 mot tong the

Pham Ngoc Anh'”, L& Thi Huong Giang"
! Truong Dai hoc M6 - Dja chat

TOM TAT

R 12 mot ngdn ngit 1ap trinh ma nguén mo va 1a mot ngdn ngir lap trinh hoan thién dinh hudng cho tinh
toan thong ké, phan tich dir liéu. N6 cho phép ban xay dung nhitng ham, nhitng cau Iénh chi dé giai quyét
mot nhém cac nhiém vy phén tich dic thi nao d6 va chia sé chling trén mang. Chang han, néu c6 mot kiém
dinh méi, mot md hinh mai vé phuong dién Iy thuyét va duge dang trén mot tap chi chuyén nghanh nao
d6, ban hoan toan ¢ thé viét mot chwong trinh nham bién kiém dinh méi, nhitng mé hinh mai chi & dang
ly thuyét kia thanh mot ham cu thé trong R. Néu duoc kiém tra bai cong ddng nhirng ngudi sir dung ring
dung va khong co 15, ham ma ban viét s& duoc thira nhan va st dung rong réi. R chay duoc trén hé didu
hanh: Windows, Linux, Max OS,... B cai ciing nhu nhitng tai liéu huéng dan cai dat va sir dung déu co
thé tai mién phi tir trang chua CRAN (comprehensive R Archive Network) cua R. R cho phép giai quyét mot
khéi lwgng 16N nhitng bai toan trong phan tich thong ké va do thi. Cac bai toan thong ké phd bién nhu hoi
quy tuyén tinh va phi tuyén, kiém dinh thong ké c6 dién, phan tich chudi thoi gian,...déu c6 thé thuc hién
trén R. Trong bai b&o ching t6i s& gisi thiéu mot sé ham trong R gitp tim khoang tin cay cua nhirng tham
s6 pho bién cia mot tong the nhu: trung binh, ti 1§, phuong sai,... Nhiing ham nay khong chi hd trg tim
khoang tin cay cho tham sb cua mot téng thé, ma con gilp tim khOang tin cay cho hiéu cac tham s cua hai
téng thé va dong thoi duoc st dung trong bai toan kiém dinh tham sb.

Tir khoa: Thong ké R; ude lugng khoang; trung binh; ti 1¢; phuong sai.

M. Pit véin dé

Ta quan tAm dén tham sb chwa biét @ cua bién ngau nhién X ( 0 c6 thé 1a ki vong, ti I8, ...). Bai toan dat
ra la: Dya trén céc quan sat vé X: x, ..., x,, ta can tim hai gia tri 6,, 6, sao cho: P(8; < 6 < 6,) = B, trong
d6: B 1a mot sé cho trude (thong thudng 12 99%, 98%, 95%,....) dugc goi 1a d6 tin cay con khoang (6, 8,)
dugc goi la khoang tin cay hay u6c lugng khoang cho 6 voi do tin cay B. NG6i cach khac: ta can tim khoang
(6,,6,) sao cho véi Xac suat B cho truéc thi tham sé @ nam trong khodng (64,6,).

Céc can 6, 6, 1a phu thugc vao mau x4, ..., x,, nén 6;, 8, 1a cac bién ngau nhién.

2.Coso'ly thuyetrva phwong phap nghién ciru
2.1. Co sé ly thuyet
2.1. Khodng tin cdy cho gié tri trung binh
Ta quan tam dén bién ngz?lu nhién X voi EX = p chua biét, VX = o2 chua biét. Bai toan dit ra la dua
trén cac quan sat x;, ..., x,, V€ X ta can tim khoang tin cay cho u (gié tri trung binh cua X) véi do tin cay
B =1 — a cho trudc. Ta xét cac trueong hop sau:
2.1.1.1. Tong thé phan phéi chuan, phuong sai d biét
X1+ +Xp

Gia thiét X c6 phan phéi chuin N (i, o) trong d6 2 chua biét. Khi d6 trung binh mau ¥ =

n
la bién ngéu nhién phan phdi chuan vai gié tri trung binh u va phuwong sai 62 /n. Do d6 bién ngau nhién

Z = 7 c6 phan phéi chuan tic N(0,1).

Khoang tin cay hai phia cho u véi d6 tin cay g 1a: (f = Za/2 j_z X+ Zq/; %)

Khoang tin cdy I6n nhat va bé nhit cho gia tri trung binh twong tng la (—00,f+za %) va

(-2 40)

*Tac gia lién h¢
Email: phamngocanhbmtoan@humg.edu.vn



7, la phan vi mic a cua phan phol chuén tic, nghia 1a z, 1a s6 dugc xac dinh boi P(Z > z,) = a, Z 1a
bién ngau nhién c6 phan phéi chuan tic.

2.1.1.2. Tong thé phan phdi chuan, phuong sai chwa biét
Trong nhiéu bai toan thyc té ta khong biét phuong sai o?cua tong thé. Véi gia thiét dir lidu phan phbi
chuén, ta chimg minh duoc bién ngiu nhién: T = %\/ﬁ c6 phan phéi student véi bac ty do lan — 1.
Khoang tin cay hai phia cho u véi do tin cay g 1a: (f — tnora/2 \/iﬁ X+ tn 1,42 \/ii)

Khoang tin cay 16n nhat va bé nhat cho gia tri trung binh tuong tng la (—oo,f+ trhota \/iﬁ) va

(T~ tasagg +o0).

Trong d9: t,, , 12 phan vi mtc a ctia phan phdi student véi s6 bac tu do n, nghia 1a néu T 12 bién ngiu nhién
c6 phan phéi student véi s6 bac tw do n thi ¢, 12 56 thoa man P(T > t,,) = a.

2.1.1.3. Tong thé khdng phan phéi chuan nhung ¢ mau 16n n > 30

Khi ¢& mau I6n thi theo dinh Ii giéi han trung tam, trung binh 9? cé phan phdi xap xi phan phdi chuan
v6i trung binh p va phuong sai 62 /n do d6 bién ngau nhién: Z =

/\/_

c6 phan phdi xap xi phan phdi chuan tic. Ciing do n 16n nén ta c6 thé xap xi o boi s. Do d6 dai luong /\/—
c6 phan phdi xap xi chuan tic.
Khoang tin cay hai phia cho u véi d6 tin cay g 1a: (f — Za/ % X+ Za/ \/iﬁ)

Khoéng tin cdy Ion nhat va bé nhit cho gia tri trung binh twong ung la (—oo,f+za \/i%) va

(2= 2o g5 +0).
2.2. Khoang tin cdy cho ti I¢ tong thé

Ta xét mot tong thé ma mdi ca thé co dac tinh A hoic khong c6 dic tinh A nao d6. Goi p la ti 16 ca thé
c6 dac tinh A trong tong thé. Thong thuong p chua biét. Bai toan dat ra la dua trén mot mau dugc chon
ngau nhién ta can tim khoang tin cay cho p voi do tin cay f = 1 — a cho trude. Goi k 1a s6 ca the c6 dac
tinh A trong n cé thé dugc chon ngau nhién, k la bién ngau nhién c6 phan phoi nhi thuc B(n, p). Khi n lon,
theo dinh Ii gigi han trung tam, k c6 phan phdi xap xi chuan va do d6 tan suat: f = % cling c6 phan phbi
xap xi phan phdi chuan véi trung binh p va phuong sai V£ = p(1 — p)/n. Xap xi nay dung tét khi np >5
van(l—p) > 5. Tuy nhién, do p chua blet nén phuong sai V£ chua biét. Do f 1a udc lugng diém tét cho

p nén phuong sai V£ c6 thé xap xi bang ra-f

Khi d6 dai luong: \/f(l_”f\/_ n ¢6 phan pho| xap xi phan phéi chuan tic N (0,1).

Khoang tin cay hai phia (f—z(,,/2 ra-p St 242 ra- f))

Khoang tin cay mot phia <0 f+z, [f(l ﬂ),(f—za [@1)

Do p chua biét nén ta khéng kiém tra duge diéu kién np > 5 van(1 — p) > 5. Trong thuc hanh nguoi
ta thuong dung cac diéu kién nf > 10 van(1 — f) > 10.

2.2. Phwong phdp nghién ciru

Bai bao sir dung phwong phap mau dé giai quyét bai toan wéc lugng cac tham sb bang quy nap thdng ké:
Tir tong thé nghién ctru rdt ra mot mau ngu nhién kich thudc n va dua vao d6 xay dung mot thong ké 8
ding dé u6ce luong 6. Khi da biét cac tham sb dic trung cua mAu thi cin ctr vao cac két luan trén dé suy
doan vé tinh chit cua tong thé nghién ciru ma tir d6 miu duoc rat ra. Néi cach khac day 1a viéc sir dung
thong tin da biét cia mot bo phan cua téng thé dé suy doan vé toan bo tong thé do.

3. Két qua va thao luan ) )
3.1. R va bai toan tim khodng tin cdy cho trung binh tong thé

Trong R, cac ham tim khoang tin cdy cho trung binh (cting la cac ham kiém dinh cho trung binh) cung
céc tham so trong tirng ham dugc xay dung dua trén cac trudng hop da phén ra trong 1i thuyét. Khi tong



thé tuan theo phan phdi chuan, phuong sai di biét, ta ding ham z. test hoic zsum. test va phuong sai chwa
biét ta diing ham ¢. test hoac tsum. test. Hai ham z. test va t. test duoc sir dung khi dir liéu dang so cap,
hai ham zsum. test va tsum. test dugc dung khi du liéu dang thi cap. Mot Iuu y khi téng thé khong tuan
theo phan phéi chuan nhung ¢& mau Ion thi thong ké dwoc st dung cé dang phan phdi xap xi phan phdi
chuan nén ta ding ham z. test hodc zsum. test. Tuy nhién khi c& mau 16n thi phan ph0| chuan va phan
phéi student x4p xi nhau nén trong truong hop nay ta dung phan phdi student dé thay thé, tirc 1a dung ham
t. test hoac tsum. test.
Bang sau tong két cho ta cac ham tim khoang tin cay cho gia tri trung binh phén loai theo di li¢u:

Dir liéu
Phuong sai So cap Thu cap
bai biét z.test zsum. test
Chua biét t.test tsum. test

Ham t. test c6 sin trong gbi co ban ctia R, ba ham con lai phai sir dung g6i BSDA.
3.1.1. Khodng tin cdy cho trung binh téng thé, phwong sai da biét, dit liéu so cap

Khi phuong sai ctia tong thé da biét, dir liéu so cap, khoang tin cay cho trung binh tong thé dugc tim qua
ham z. test vai cac tham sb can thiét: z. test (x, sigma.x, conf.level)
trong dé: x 1a véc to dir liu miu; sigma.x 1a do léch chuan cua tong thé; conf. level 1a sé thudc doan
[0; 1] chi @b tin cdy cta khoang ude lwgng, mac dinh 1a 0.95.

Vi du: Trong luong cua mot loai san pham 12 bién ngau nhién phan phéi chuan véi d6 léch chuan la 1
gam. Can thtr 25 san pham loai nay ta thu duoc két qua nhu sau:

18 19 20 20 19 20 20 18 20 20 20 21 19
20 20 20 21 20 19 20 20 20 18 19 20

Tim khoang tin cay 95% cho trong lugng trung binh ciia san pham noi trén.
> install.packages(“BSDA”)
> library(BSDA)
> Trongluong=c(18,19,20,20,19,20,20,18,20,20,20,21,19,20,20,20,21,20,19,20,20,20,18,19,20)
> z.test(Trongluong,sigma.x = 1,conf.level = 0.95)
One-sample z-Test
data: Trongluong
z=98.2, p-value < 2.2¢-16
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:
19.24801 20.03199
sample estimates:
mean of x
19.64
Khoang tin cay tim duoc
95 percent confidence interval:
19.24801 20.03199

Tir két qua ndy ta cd khoang tin cdy 95% cho trong lwong trung binh cua san phim Ia
[19.24801,20.03199].

3.1.2. Khodng tin cdy cho trung binh téng thé, phwong sai da biét, dir liéu thiz cap

Khi phuong sai tong thé da biét, dir liéu thir cap, khoang tin cdy cho trung binh téng thé dwoc tim qua
ham zsum. test vai cac tham s can thiét: zsum. test (mean. x, sigma. x, n. x, conf. level)
trong d6: mean. x 1a trung binh mau; n. x 1a ¢& mau.

Vi du: Doanh sb ciia mot cira hang 1a bién ngau nhién phan phdi chuan vai d léch chuan 1a 2 trigu/
thang. Piéu tra ngau nhién 600 ctra hang c6 quy md tuong ty nhau tim dugc doanh sé trung binh 1a 8.5
triéu. Hay xac dinh khoang tin cay 95% cho doanh s6 trung binh cta céc cira hang thugc quy mé dé.

Ta thyc hién trong R
> library(BSDA)
> zsum.test(mean.x = 8.5,sigma.x = 2,n.x = 600,conf.level = 0.95)

One-sample z-Test

data: Summarized x

z=104.1, p-value < 2.2e-16

alternative hypothesis: true mean is not equal to 0



95 percent confidence interval:
8.33997 8.66003
sample estimates:
mean of x
8.5
Theo két qua dua ra thi khoang tin cay 95% cho doanh s trung binh cua cac cira hang thude quy mé do
1a; [8.33997; 8.66003].

3.1.3. Khodng tin cdy cho trung binh téng thé, phwong sai chiea biét, dit liéu so cap

Khi phuong sai cua tong thé chua biét, dit liéu so cap, khoang tin cay cho trung binh téng thé dugc tim
qua ham t. test vai cac tham sé can thiét dugc cho nhu sau: t. test(x, conf. level)
Vi du: Nguoi ta do @ pH trong nudc mua tai mot s6 dia diém ciia mot ving cho két qua nhu sau:
547 537 538 463 537 374 371 496 464 511 565 539 416
562 457 464 548 457 457 451 486 456 461 432 398 570
415 398 565 310 504 462 451 434 416 464 512 371 464
Thuc hanh trong R:
> library(BSDA)
>pH=c(5.47,5.37,5.38,4.63,5.37,3.74,3.71,4.96,4.64,5.11,5.65,5.39,4.16,5.62,4.57,4.64,5.48,4.57,4.57,4.5
1,4.86,4.56,4.61,4.32,3.98,5.70,4.15,3.98,5.65,3.10,5.04,4.62,4.51,4.34,4.16,4.64,5.12,3.71,4.64)
> length(pH)
[1] 39
> t.test(pH,conf.level = 0.95)
One Sample t-test
data: pH
t=46.611, df = 38, p-value < 2.2e-16
alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:
4.494155 4.902255
sample estimates:
mean of x
4.698205
Theo két qua dwa ra ta c6 khoang tin cdy 95% cho d6 pH trong nuéc mua cia ving d6 la
[4.494155; 4.902255].

3.1.4. Khodng tin cdy cho trung binh téng thé, phwong sai chiea biét, di liéu thir cap

Khi phuong sai ciia tng thé chua biét, dir liéu thir cap, khoang tin cay cho trung binh tong thé dwoc tim
qua ham tsum. test(mean. x, s. x,n. x, conf . level)
trong do: mean. x 1a trung binh mau; s. x 12 do léch chuan ciia mau.

Vi du: Mot nghién ciu trén 50 em bé 6 tudi cho thay sb gio xem ti vi trung binh trong mét tuan cua
nhom nay 1 38 gio véi do léch chuan 12 6.4 gio. Tim khoang tin cay 98% cho thoi gian xem ti vi trung binh
trong mét tuan cua cac em nho 6 tudi.

Thuc hanh trong R.

> library(BSDA)

> tsum.test(mean.x = 38,s.x = 6.4,n.x = 50,conf.level = 0.98)
One-sample t-Test

data: Summarized X

t = 41.984, df = 49, p-value < 2.2e-16

alternative hypothesis: true mean is not equal to 0
98 percent confidence interval:

35.82334 40.17666

sample estimates:

mean of x

38

Theo két qua dua ra, ta co khoang tin cay 98% cho thai gian xem ti vi trung binh trong mét tuan cua cac
em nho 6 tudi la (35.82334; 40.17666).

3.2. R va bai toan tim khodng tin cdy cho ti 1¢ téng thé

Trong R, khoang tin cdy cho ti 1& téng thé dwoc tim qua ham prop.test véi cac tham sé:



prop.test(x,n, conf.level, correct).
Trong d6: x 1 s6 lan “thanh cong”; n 12 s6 1an thir nghiém; conf. level 1a s6 thude doan [0; 1] chi do tin
cay cua khoang wdc lwong, mic dinh 12 0.95; corect la tham sé dang logic chi xem c6 hay khong su diéu
chinh lién tuc Yate, mic dinh la correct = TRUE.

Vi du: Trong mot 1000 truong hop mac bénh ung thu phdi duoc chon ngiu nhién ¢ 823 truong hop
mat trong vong 10 nam. Tim khoang tin cay 95% cho ti I¢ bénh nhan ung thu phdi mat trong vong 10 nam.

Do n.f =1000. £>10va n.(1- f)=1000. 1—% >10 nén correct=F
1000 1000

prop.test(x=823,n=1000,correct = F,conf.level = 0.95)
1-sample proportions test without continuity correction
data: 823 out of 1000, null probability 0.5

X-squared = 417.32, df = 1, p-value < 2.2e-16
alternative hypothesis: true p is not equal to 0.5

95 percent confidence interval:

0.7981213 0.8454066

sample estimates:

p

0.823

Viay khoang tin cdy 95% cho ti 1& bénh nhan ung thu phdi mat trong vong 10 nam la:
(0.7981213; 0.8454066).

4. Két luan

Bai bao c6 nhitng dong gop méi sau day:

- Dung c4c lénh trong R dé tim dugc khoang tin cay cho céc tham sb cua mot tong thé nghién cuu.

- Giai quyét dwoc mot sé vi du thuc tién méi, ap dung dugc cho giang day mén hoc hoc xé4c suat thong
ké tai truong Pai hoc Mo-bia Chét theo huéng ddi méi.

Céc két qua cua bai bao con mot sb han ché nhu: mai chi giai quyét dugc bai toan tim khoang tin cay
cho céc tham s phé bién cua mot tong thé, tuy nhién véi nhiing bai toan cé hai tong thé nghién ciu thi
chua giai quyét duoc. Piéu d6 ciing mo ra mot huéng méi dbi vai nhitng bai toan c6 hai tong thé can nghién
clr, dé tim khodng tin cdy cho cac tham s6 ta s& xay dung bai toan tim khodng tin céy cho hi¢u cac tham
s6 cua hai tong thé, va dong thoi duoc st dung trong bai toan kiém dinh tham s6. Hudng tiép can do ching
t6i da c6 mot sb két qua ban dau va sé tiép tuc cong bd trong thoi gian sau néu cong viéc nghién ctru dugc
hoan tat.
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ABSTRACT

Stat R in the problem find reliability for the general parameter

Pham Ngoc Anh!”, Le Thi Hrong Giang®
! Hanoi University of Mining and Geology

R is an open source programming language and a complete programming language oriented for statistical
computation, data analysis. It allows you to build functions, commands just to solve a particular set of
analytical tasks and share them over the network. For example, if there is a new test, a theoretically new
model and published in a specific journal, you can write a program to change the new test, the new model,
only in the theoretical form becomes a specific function in R. If it is tested by the community of users that
it is true and without error, the function you write will be recognized and widely used. R runs on operating
systems: Windows, Linux, Max OS, ... The installer, as well as the installation and use documentation, can
be downloaded for free from the CRAN (comprehensive R Archive Network) website of R. R allows
solving a large number of problems in statistical analysis and graphs. Common statistical problems such as



linear and nonlinear regression, classical statistical test, time series analysis, ... can all be performed on R.
In the paper we will introduce some functions in R that help find the confidence interval of the common
parameters of a population such as: mean, ratio, variance,... These functions not only support to find the
interval reliability for the parameter of a population, but also helps to find the confidence interval for the
difference in parameters of two populations and is also used in the parameter test problem.

Keywords: R statistics; estimate approximately; medium; ratio; variance.
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NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tong quan vé cach tao 16 nano (nanopore) va tng dung loc,
dd mot sb ion tap trong chat long

Nguyén Xuan Chung®*
 Truong Dai hoc M6 - Dia Chat

TOM TAT

Béo cao gioi thiéu va phan tich mot cach tong quan vé viéc ap dung cac mang loc sir dung cac 16 nano
(nanopore) véi kich thudc tir vai dén vai chyc nanomet trong viéc loc va do céc ion tap mang di¢n co trong
chat long. Cac 15 nano c6 thé duoc ché tao bang nhleu phuong phap khac nhau. Cac 15 nano cé thé duoc
ché tao bang phuong phap khac nhau, duoc sap xép trén mét chip tao thanh mang loc sir dung lam vach
ngin dé ngan doi cac hop chira chat long thanh hai ngan Khi dat mot hiéu dién thé glua hai ngén, dién
truong sé tac dung luc 1&n cac ion kim loai va kéo cac ion kim loai hodc mang di¢n nay sang mot ngén,
hi¢u ang nay co the su dung trong viéc loai bo vi luong mét sb tap kich thugc nano trong chét long dé tinh
loc chit long. Néu sir dung burc xa laser véi bugc song thich hop dé kich thich quang cac ion mang dign
trong chét long nhu nudc, chat dich, mau..., thi c6 thé xac dinh dinh tinh, dinh lugng thanh phan hda hoc
cua céc ion nay théng qua viéc phan tich pho phat xa hoac hap thu dac trung.

Tur khoa: Nano; 16 nano; mang loc; ion kim loai; do, tinh loc.

1. Pit véan dé

Céc 16 nano (nanopore) la cac 15 c6 kich thudc nho & cép d6 nanomet va c6 rat nhiéu (ing dung trong khoa
hoc k thuat va cuoc song. Trong ty nhién, cac 16 nano c6 thé tim thay trén cc mang té bao nhw a-hemolysin

— 15 nano protein c6 duong kinh vao kh0ang 1.4nm, MspA c¢6 duong kinh 1.3nm (D. Deamer, 2010) Cac 15
nano nhan tao ciing c6 rat nhiéu wng dung va thudng dugc sir dung cho viéc nghién ciru cac hat co kich thude
¢& nm. C6 thé str dung céc 16 nano trong viéc tinh loc chat 1ong, loai bo cac ion tap trong chat long. Mot trong
nhitng ang dung quan trong ctia cac 16 nano 1a phan tich trinh tu chudi DNA (D. Fologea, 2005), thong thuong
su dung phuong phép Sanger (B. Gharizadeh, 2006). Ung dung nay rat quan trong trong viéc giai ma bo gen
di truyen cua con nguoi cling nhu céc sinh vat. Bén canh do, cic 16 nano cling duoc st dung dé do, phan tich
tinh chét cac phan tir hozc ion trong chat long (J. Shim, 2017), tinh loc chit long (M.D. Afonso, 2003). Ngoai
ra, cac phan t cling thuong duoc 0 1ap bang céch sir dung cac 15 nano c6 kich thuéc nho két hop véi dién
truong tac dung dé phuc vu cho viéc nghién ciru cac tinh chat cua chung, i )

C6 rét nhiéu phuong phap tao 15 nano, tuy nhién cac phuong phap déu cé nhitng wu va nhugc dieém nhat
dinh. Phuong phép str dung khic dung tia dién tir (e-beam lithography) cé thé tao cac 16 nano trén cac dé
Si3N4 (d9 day chi vao khoang tir vai t6i vai chuc nm) véi duong kinh 16 nano ¢& vai nm. Phuong phap nay
cho tdc d6 tao mau thap, doi hoi thiét bi dét tién, ky thuat do dac phuc tap, chi phi van hanh cao. Phuorng
phap dn mon dién hoa sir dung axit HF 1am dung dich an mon thudng duoc sir dung tao 16 nano trén mang
silic tao 15 nano c& khoang vai nm dén vai chuc nm. Pay la mot trong nhitng phuong phép ré tién, téc do
tao 15 nano twong dbi cao, tuy nhién d¢ 13p lai khong duoc cao. Phuong phép dn mon di¢n hoa co thé sur
dung anh sang kich thich dé tao ra cac 16 tréng trén mang dé thyc hién qué trinh phan &ng héa hoc dn mon,
tuy nhién phuong phép nay lai c6 thém thong sb cua nguon sang nén kha nang 1ap lai cua phuong phap bi
giam. Mot phuong phap dién hda khac can it thong sb ché tao hon phuong phép trén 1a sir dung hiéu wng
déanh thing 16p mang silic khong dung dnh sang kich thich bén ngoai. Trong phuong phap nay, hinh dang
cua 16 nano thuong kho dleu khién hon cac phuong phap néi trén. Vi vdy, tly theo tirng yéu cau cu thé dé
lya chon phuong phap ché tao 16 nano cho phuhop.

Trong bao cdo nay, tac gia s& gigi thiéu tong quan vé cac phuong phap tao 16 nano véi cac kich thudc
khéc nhau va cac wu nhude diém cia chung, cac phuong phéap dé xac dinh duong kinh cua céc 16 nano va
céc ung dung cua ching.

2. Cac phuong phap che tao 16 nano
2.1. Phwong phdp khdc si dung chum tia dién tir (e-beam lithography)

Céc 16 co dwong kinh ¢& vai tram nm dén vai Hm c6 thé duoc tao ra bang cach st dung phuong phép
quang khéc. Trong phuong phap nay, mot I6p mang nhay sang duoc phu trén bé mat cuia mau can khac.

*Tac gia lién h¢
Email: nguyenxuanchung@humg.edu.vn



Sau d6, mat na dugc dat 1én phia trén cua I6p mang nhay sang nay va tia UV duoc dit  trén ciing dé chiéu.
Tai nhig noi trén mang nhay sang ma mat na duoc che thi bi phoi bai tia UV va tré thanh 16p chat ran
mong bao vé mau (loai nhay sang am). Sau khi bo mat na, nhitng diém con lai (khong bi phoi) duoc rira
trong cac dung dich, phan dién tich nay caa mau sé bi khéc boi ‘céc dung dich an mon.

Tuy nhién vai cac 16 nano nho hon & cap d6 nm thi khong thé ap dung cac phuong phap nay do giGi han
clia budc s6ng anh séng sir dung trong quang khic (khoang 350-400 nm ddi véi tia cuc tim). Do vay, st
dung chum tia di¢n tur voi nang lueong cao sé khic phuc duoc han ché trén va c6 thé tao ra dugc cac 16 nano
& cap do nho hon, co thé vai nm. Phuong phap nay ciing tuong tu nhu phuong phap quang khéc, diém khéc
biét 1a phuong phap nay dung chum tia dién tir c6 do truc chuan cao, dudng kinh cua chim tia chi vao
khoang mot vai nm (R. Menon, 2005; M.J. Madou, 2002; M. Altissimo, 2010; C. Vieu, 2000) dung dé tao
mat na trén mat 16p nhay sang thay vi sir dung tia UV. Tuy nhién phuong phap nay thuong st dung dé tao
céc 16 nano c6 chiéu dai khoang vai chuc nm, trén cac loai mang mong nhur SiNy.

2.2. Phwong phdp quang khac chum ion

Phuong phap nay tuong tu nhu phuong phap quang khéc sir dung chim tia dién tir ndi trén, nhung sir
dung mot chum ion thay vi dung chum tia di¢n tu (J. Orloff, 2003), thong thuong ion gallium dwgc st dung.
Do ion c6 khéi luogng 16n hon rat nhiéu so véi cia electron nén ion s& giam dwoc hiéu wng hién twong nhiéu
xa nhiéu hon, do vay s& cho d¢ phan giai cao hon so vdi chum tia dién tur. . Phuong phéap sir dung chim ion
hoi tu ciing cho duong kinh caa 16 nano dudi 20nm.

2.3. Phwong phdp dn mon dién hda

Phuong phap an mon dién hoa duoc coi 1a phwong phép ré nhung lai cho két qua kha tét. Trong phuong
phéap nay, dung dich an mon 1a cac axit ¢6 tinh dn mon cao, tinh di huéng 16n nhu HF. Truéce khi thuc hién
qué trinh &n mon, cac chip dwoc 1am sach bing cong nghé phong sach va tao hinh dé dinh vi cac 15 nano s&
duoc tao ra (H. K. Gatty, 2020).

HF 5.4%
9mg/1

Promm o meme | - +
Hinh 1. Anh SEM ciia mét 6 diroc tir dién ngueoc Vi dinh la noi 16 nano sé hinh thanh sau qué trinh
an mon dién héa (trai), mat cat cua hé dung cho qud trinh dan mon dién héa (phai)

Hinh 1 Ia anh SEM cua mot chip silic d3 duoc tao cac ti dién nguoc c6 kich thude day 2um x 2um va
lam sach. Binh cuia hinh tir dién nay 1a noi c6 6 cong 16n nhat va sé 1 noi tap trung cudng do dién truong
cao nhat. Hinh 1 bén phai 14 so d6 cua thiét bi gom hai ngan dé thuc hién dn mon dién hoa. Chip silic véi
cac tur dién nguoc dwoc chén gitra hai ngin lan luot chira axit HF va mubi NaCl, hai dién cuc 1am bang
bach kim (d6 va xanh). Dt hiéu dién thé mot chiéu (khoang 15-20V) vao hai dién cuc nay nham tao ra hiéu
(g d4nh thung (breakdown). Trong qua trinh in mon dién hoa, phan tng héa hoc s& bat dau tai dinh cia
hinh ti dién nay va I6 nano sé bt dau duoc hinh thanh tir mat trudc ra mat sau caa chip. Két qua thu dugc
16 nano ¢6 kich thuéc mit treéc khoang 7nm nhu trén hinh 2.

3. Phuong phap x4c dinh kich thuéc 16 nano
3.1. Sir dung kinh hién vi dién tir quét (SEM)

Ty vao muc dich ng dung ma ma 18 nano dugc ché tao véi hinh dang, kich thudce, do dai khac nhau.
C6 thé st dung kinh hién vi dién tir quét voi do phong dai 1én t6i vai trim nghin l4n dé xac dinh kich thudc
16 nano. Trong ki thuat chyp anh SEM, chip silic ¢ chira 16 nano dwoc dinh trén ga mau bang kim loai cua
kinh hién vi. Bé cho anh CO chat luong tét, phai t6i wru hoa higu dién thé ting toc chum tia dién tir, khoang
cach gitra thau kinh va mau, qua trinh truc chuén tia dién tir, chon loai dau do pht hgp. Trudc khi chup anh
mau, cac chip dugc rira va xir Iy can than bang céc loai hda chét trong phong sach véi nhiét do thich hop
dé dam bao khdng c6 tap chat bi bam trén bé mat caa 16 nano. Anh SEM ¢6 thé cho d6 phan giai khoang
vai nm nhu trén hinh 2 (mit truée cia mang c6 16 nano khoang 7nm), va nhin chung mau khong bi pha huay
hoc thay d6i tinh chat sau khi chup. D& nhan biét chinh xac 16 nano da hinh thanh hay chua, anh SEM cua
mat sau mang can dugc chup nhu trén hinh 2 (bén phai).
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Hinh 2. Anh SEM cua 1 16 nano trén chip silic tao béi phwong phdp dn mon dién hoa, mat truéc
(bén trai) va mat sau (bén phdi) duoc chup voi do phong dai hon 900.000 lan

3.2. Phwong phdp do d¢ dén ciia 16 nano

Phuong phép do d6 dan két hop véi cac anh chup bai kinh hién vi dién tir quét rat hitu ich trong viéc xéc
dinh duong kinh cua 16 nano ciing nhu dyr doén hinh dang caa 15 nano ma khong can cit mau. So do hé do do
dan caa 16 nano sir dung cau hinh 4 dién cuc duoc trinh bay nhu trén hinh 3 bén trai. Dung dich KCI dugc
dung Iam chat dan dién. Nguon dién dwoc ndi vai hai diém 1 va 4, hiéu dién thé giira hai mat cua chip silic
dugc do trén hai diém 2 va 3. Hai dién cyc 2 va 3 Ia nhimng dién cuc tham chiéu Ag/AgCl (reference electrodes)
ding dé loai bo higu dién thé tiép xdc gitra KCI va dién cuc. Ngudn dién s& c6 chirc nang diéu khién sao cho
hi¢u dién thé 2-3 dat duoc gid tri dinh truéc. CAc gia tri cua hiéu dién thé cling nhur thoi gian duy tri hidu dién
thé duoc lap trinh trén may tinh. Gia tri thuc ciia dong dién chay (duong mau xanh, hinh 4 & giira) qua dién
cuc 1 (hozc 4), hiéu dién thé 2-3 (mau do, hinh 4 giira) dugc ghi lai trén may tinh. Trén d6 thi ndy, trong
khoang thoi gian ma cuong d6 dong dién dat gié tri 6n dinh, gié tri dong dién nay dugc va hiéu dién thé dugc
biéu dién trén hinh 4 bén phai. Do 16 nano gidng nhu mét dién tré nén s& co tinh chat Ohmic hay quan hé U-
I 1a tuyén tinh. Hé s6 goc cua dudng thang nay thé hién do dan cua 15 nano.

KCl

KCl

15 ] 2 “
Tiem Yms) Biss W)

Hinh 3. Cdu tgo hé do dé dan cua 16 nano (trdi), chip duoc dat gizra hai khoang chiza KCI.
Cuong do dong dién (xanh) va hiéu dién thé (do) duwoc ghi lai d‘ong thoi theo thoi gian (giza).
Po thi biéu dién quan hé giiza dong dién va hiéu dién thé ciia |6 nano (phdi), d¢ dan cua |6 nano
duoc tinh tir hé s6 goc ciia do thi
4. Ung dung cia cac 16 nano
4.1. Nhdn biét va khdo st sz dich chuyén, tinh chat c4c ion hogc phan ti

Hinh 4. H¢ do su dich chuyén ciia cac chudi DNA qua 16 nano trén chip silic bang kinh hién vi quang
ket hop véi mdy do quang phé. Laser don sac 514 nm duwgc sir dung dé kich thich



Dé khao sat sy dich chuyén cua cac phan tir hoic ion ciing nhu xac dinh sy ¢ mat cua ching cé trong
chat long, hé do tin higu quang dugc thiét 1ap cling vai kinh hién vi quang hoc. Mot tia laser vai kich thudc
rat nho, khoang vai chuc pm? dugc sir dung dé kich thich vao vi tri cac 16 nano (M. Zhang, 2015). Kinh
hién vi quang hoc duoc sir dung nham muc dich truc chuan chip va tia laser kich thich, dam bao tia laser
chiéu dung vao vi tri cia 16 nano. Dudi tac dung ciia dién truong, cac ion tap dugc kéo vé vi tri cac 16 nano
va phat xa dudi tac dung cua tia laser kich thich. Do qué trinh chuyén dong rat nhanh nén qué trinh phat
quang cua cac ion duoc ghi lai bang camera véi téc do ghi hinh rat 16n, mdi mot khung hinh vao khoang
mot vai ms. Quang pho phat xa dic trung cuia ion hay nguyén tir ciing duoc phan tich trén may quang pho
dé nhan biét loai tap.

Viéc phan tich su dich chuyén cua cac don nguyén tir chay qua I8 nano ciing c6 thé thuc hién thong qua
phép do d6 dan nhu trén sir dung hé do trén hinh 3 ma khong can c6 hé do quang. Gatty va cong su di thuc
hién viéc khao sat su truyén qua cua cac chudi DNA qua 15 nano silic véi chiéu day gan 500nm (H.K. Gatty,
2020). Khi c4c phan tir chuyén dong qua 15 nano, dong chat long dan dién sé bi ngat va dong dién bi giam
d6t ngot vai bién do khoang vai chuc pA trong vai ms, hién tugng nay duoc goi 1a hién tugng nghén dong.
Trong phép khao sat nay, dong dién do dugc chi vao khoang 100-200nA, va sy thay d6i clia cuong do dong
dién rat nho nén hé can phai dat trong mot 16ng Faraday dé tranh nhiéu dién tir phia bén ngoai. Bén canh
d6, do cac phan tir ¢6 kich thudc qué bé nén qua trinh nghén dong dién chi dién ra trong vai ms hoic ngan
hon, do vay thiét bi ghi dong dién theo thoi gian can c6 téc do lay mau tin hiéu téi vai chuc kHz dé dam
bao d6 phan giai thoi gian.

4.2. Logi bé vi lwong cac logi ion tap

V6i mot s6 loai tap mang dién thi viéc loai bo tap chat trong mot thé tich nho 1 hoan toan c6 thé thuc
hién duoc dudi tc dung cua dién truong két hop vai sir dung 13 nano. Hé trén hinh 3 dwoc st dung cho
viéc loai tap chit, trong hé mot ngin chtra hdn hop chét long cé chira tap, ngan con lai ¢6 thé sir dung mot
loai dung mdi. Bing cach dit hiéu dién thé giira hai diém 1 va 4, dién truong xuat hién va sé kéo céc ion
tap mang dién tir ngin chira hdn hop, di qua 15 nano rdi sang ngin con lai, do vay ndng do tap s& giam dan
& bén ngan chira hon hop. Trong hé nay, 15 nano c¢6 tac dung loc lya kich thudc tap, ddng thoi mang chda
15 nano c6 tac dung co lap hai dung dich véi nong do tap chat khac nhau. Qué trinh c6 thé thuc hién duoc
trong thoi gian rat 1au, vi vay c6 thé sir dung chip vai nhiéu 16 nano (hé array) dé tang toc do qua trinh loc.

5. Két luan

Nhu vay, cac 16 nano déng vai trd quan trong trong linh vyc nghién ctu khoa hoc ciing nhu cac tng
dung trong ky thuat. Cac phuong phép tao 15 nano rat da dang, mdi phuong phap déu c¢6 uu va nhuge diém
nhét dinh. Viéc giam duong kinh cac 15 nano s& mé ra rat nhiéu ng dung m&i cho con nguoi trong viéc
nghién ciru cac thuc thé ¢ cap d6 nanomet. Do vy, cac phuong phap ché tao liét ké & trén ciing can dugc
cai thién dé dap ung nhu cau nay.
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ABSTRACT

General concepts of nanopores: fabrication methods,
applications in filtration and detection of ion in liquid

Nguyen Xuan Chung®”
! Hanoi University of Mining and Geology

The report presents the general concept of nanopores in the range of few to few tens of nm in ion filtration
and detection applications. In order to create these nanopores for the such applications, the nanopores can
be fabricated by various methods. These nanopores are formed on a chip and work as a filtering membrane.
For filtration application, the chip inserted between 2 chambers of a cell, an electric field is applied to create
an electric force which motivates ions to move from the first chamber, go through nanopores and arrive the
rest chamber. Consequently, the concentration of ions or molecules in the first chamber decrease, while
their concentration in the rest chamber increases, finally the liquid becomes purer. By combining electric
field with a laser excitation, the ions or molecules can be detected by a spectrometer where the characterized
emission spectrum can be recorded and analyzed. The quantitative concentration of ions can be determined
in terms of emission intensity and optical density.

Keywords: Nano; nanopore; membranes; ion; detection; filtration.
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Reversion transport of carbon dioxide in the temperature inversion
effect in near surface of the earth

Vu Ba Dung'*, Ho Quynh Anh?, Tong Ba Tuan?
! Hanoi University of Mining and Geology

ABSTRACT

The temperature inversion effect in a layer of the atmosphere is the temperature increases with height. The
temperature inversion effect can make the air pollution traps, which makes pollution air (such as CO2) cannot
pass though temperature inversion layers. This is the main cause of increasing air pollutions. However, the
temperature inversion effect can be also a cause of the air pollutants reversion transport. This is air flux that goes
down to the lower layer of earth’s atmosphere from inversion layers. In this paper, some study results of reversion
transport of carbon dioxide in the temperature inversion effect at earth’s near surface have been presented and
reversion transport of carbon dioxide in the temperature inversion effect has been calculated in Hanoi and Ho
Chi Minh city. Results have shown that: i) weak temperature inversions effect cannot make CO2 diffuse down
to earth’s surface, but strong inversion effect can make carbon dioxide goes down to earth’s surface from
inversion layer; ii) in the temperature inversion effect, the reversion transport in Hanoi greater than that in Ho
Chi Minh City.

Keywords: Temperature inversions, uphill diffusion; reversion transport of carbon dioxide.

1. Introduction
1.1. Temperature inversions

On most days, the temperature of the air in the atmosphere is colder the higher up in altitude. Sometimes,
however, the temperature of air actually increases with height. The situation of having warm air on top of
cooler air is referred to as a temperature inversion, because the temperature profile of the atmosphere is
“inverted” from its usual state. There are two types of temperature inversions: surface inversions that occur
near the Earth’s surface, and aloft inversions that occur above the ground (Fig. 1a). Surface inversions are
the most important in the study of air quality. The inversions tend to be only hundreds of feet to maybe a
few thousand feet deep. The temperature gradient can be from 0.007 °C/100m to 70 °C/100m (S. R. Hudson
and R. E. Brandt, 2004; Dafina Kikaj et. Al., 2019; Jun Li et. Al,, 2019; John W. Enz et. Al., 2017; S. M.
Bourne et. Al., 2010). Especially, in Antarctica, the temperature at the height of 10m can be 25 °C greater
than it at the surface (Vignon E., et al., 2017). Inversions can happen year-round, but they are strong in the
winter and weak in the summer.

1.2. Carbon dioxide in the atmosphere and temperature inversions effect

Carbon dioxide is an important heat-trapping (greenhouse) gas. Carbon dioxide enters the atmosphere
through burning fossil fuels (coal, natural gas, and oil), solid waste, trees and other biological materials,
and also as a result of certain chemical reactions (e.g., manufacture of cement). In 2019, CO; concentrations
in the atmosphere are at their highest levels in over 800,000 years, for the first time, CO, concentrations
are well over 400ppm. Climate warming during the course of the twenty-first century is projected to be
between 1.0 and 3.7 °C depending on future greenhouse gas emissions. Climate change is a major risk
facing mankind. The link between CO; and climate warming has caught the attention of scientists and
politicians, as well as the general public, via the greenhouse effect. Solar radiation passes largely
unhindered through the atmosphere, heating the Earth’s surface. In turn, energy is re-emitted as infrared,
much of which is absorbed by CO, and water vapor in the atmosphere, which thus acts as a blanket
surrounding the Earth (Thomas R. Anderson, et. Al., 2016). The temperature inversion effect makes the air
pollution traps, which can make CO; pollutant cannot pass though temperature inversion layers, this is a
cause of increasing CO> concentration in the layers near earth’s surface. However, CO> at the warm layer
can diffuses down to the cool layer, although CO- concentration in the warm layer smaller than that in the
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under layer. This is uphill diffusion process of carbon dioxide in temperature inversion (Fig. 2). Uphill
diffusion and reversion transport of carbon dioxide in temperature inversions have been studied by authors
and will be presented and discussed as follow.

2. General diffusion for single component system of gases

General diffusion model for single component system is both concentration C and temperature T
(thermal velocity u) in two places are different (Fig. 1),

(o [ C,
. ‘e o ¥
3! » ¢
| o e \oi."a. e |m
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T, I T:
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Fig. 1. General diffusion model for the single component system of gases:
both of concentration and temperature in two places are different

in which, two subsystems (I and II) are separated a distance Ax, and concentrations, temperatures are given
by:

1

Cz ::Bcl :/BC;Tz = ) (1)
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3 |

T
=—;u, =
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and:

u, =u, +AuU;C, =C, +AC, (2)
in which: uy, up are thermal velocity; C4, C, are concentration; T, and T, are temperatures in | and I1; «, £,
n are constant. Combining equation (1) and (2), we have

Clzﬁ;Au:l_—aul;AC:)L@, 3)

-1 a OX
where, the 1 is characteristic length, which can be about 10°%° m (K. Olah, 2005). Assume that diffusion
particles are similar to the ideal gas. The general diffusion equation can be given

oC
J=-D I~ (4)
where, D is diffusivity, which is determined by:

5 _10%(p-a)u

: 5
6a (/1) ©)
relation between u and T is given by:
1/2
u= (Ej =7TY?, (6)
zm
So, the general diffusivity is given:
-10 _ 1/2
D:lO (B-—a)rT ' @

6a(p-1)

Sign of diffusivity can be positive, negative and zero, so the diffusion in single component systems can
be classified under four types: i) As the temperature in low concentration area is lower than that in high
concentration area (a < f8), the diffusivity is positive, so mass transport is downhill diffusion (diffusion flux
goes down a lower concentration area); ii) When the temperature in low concentration area is greater than
that in high concentration area (a > f), the diffusivity can be negative, so the uphill diffusion occurs.

3. Diffusion of carbon dioxide in temperature inversions

Base on general diffusivity and general diffusion equation, the diffusivity and diffusion of carbon dioxide
in temperature inversion effect will be studied and discussed. Assume CO diffusion though two layers 1
and 2 (Fig. 2).
In which: i) CO; concentration in layer 1, 2 are C,, Cy; ii) temperature in layer 1 and layer 2 is T1 and Ty;
iii) the reaction between C; and Cy; T1 and T, are determined by Eq. 4 and > 1 (because C, > C1). Applying
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the general diffusivity (Eg.11), the diffusivity of carbon dioxide can be determined. According K. Olah
characteristic length 4 = 101 m (K. Olah, 2005). For carbon dioxide, we have: m = 7.3x10% kg; d =
3.34x101° m (Sara Anwar and John J. Carroll, 2016), and k = 1.38x10"% m? kgsK. The density of carbon
dioxide p is around 1.98 kg/m? and number density n is about 27x10% m, So, the diffusivity of carbon
dioxide is determined by:
1/2
Deo :3.65M(mm2 /s), (8)
2 a(f-1)

Layer2: C; and T,

Altitude of inversion laver

Layerl: C; and T,

Earth’s surface
Fig. 2. Diffusion of CO through two layers 1 and 2, in which both concentration
and temperature in two layers are different

The equation (8) shows that when temperature in the two layer is different, the diffusivity of carbon
dioxide can be positive, negative and vanishing and CO- diffusion can be classified in to three types:

i) Downhill with positive diffusivity, which occurs when temperature in high concentration layer (Ty) is
greater than that in low concentration (T1) or T is smaller than T, but the difference of temperature between
two layers is small;

if) Uphill with negative diffusivity, which occurs when temperature in high concentration layer is smaller
than that in low concentration (T, < T1) and the difference of temperature (7 and a) is sufficiently-great;

iii) Diffusion barrier with diffusivity and diffusion flux equal to zero, which occurs limited point of the
uphill diffusion process.

4. Reversion transport of COz in temperature inversions in Hanoi and Ho Chi Minh City

When the inversion layer at the near Earth’s surface (under the height of 2000m), in which, the
temperature at inversion layer (low concentration of CO;) greater than that at the lower layer (high
concentration of CO2) and CO- diffusivity can become negative and CO; can diffuse uphill. It means, there
is a CO; flux that goes from the inversions layer down to near surface of earth.

Tab. 1. The inversion layer altitude, surface concentration, concentration gradient,
and CO; surface concentration

Altitude of Surface CO2 Concentration COz surface
Site & date inversion layer concentration (K) gradient concentration
(km) (mg/m3)/km (mg/m3)
Hanoi 2 292 _ 3.6 690.789
Jan 201'9 (Nodzu M., et al., (www.weather-and- | (Lin X., etal., 2019) | (MustafaF., etal.,
' 2006) climate.com) 2020)
- 2 304 45 716.134
g?yCJg'n'\gng (Nodzu M., etal., | (www.weather-and- | (Lin X, etal.,2019) | (NguyenT., etal.,
e 2006) climate.com) 2019)

The uphill diffusivity of carbon dioxide has been calculated in Hanoi and Ho Chi Minh City at January

2019. The inversion layer altitude, surface concentration and its gradient, and CO; surface concentration
are given in Tab. 1. Based on data in Tab. 1, the coefficients of # and a have been calculated in the
temperature conversions effect are weak (gradient of temperature AT is about 8x10* K/m), strong (AT =
1.7x102 K/m), and very strong (AT = 2.5x10-2 K/m). Calculated results are shown in Tab. 2 and Tab. 3.

Tab. 2. Coefficient of # in Hanoi and Ho Chi Minh City

. Surface concentration CO.2 conc_entratlon of ..
Site C1 (mg/m?) inversion layer Coefficient of g
C2 (mg/md)
Hanoi 690.789 697.989 1.010
Ho Chi Minh City 716.134 725.134 1.013
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Tab. 3. Coefficient of o in Hanoi and Ho Chi Minh City

si Temperature Surface Inversions layer Coefficient of
ite gradient, (K/m) temperature Ty, temperature
’ (K) T2 (K)
0.0008 292 293.6 1.003
Hanoi 0.017 292 326 1.057
0.025 292 342 1.082
0.0008 304 305.6 1.003
Ho Chi Minh City 0.017 304 338 1.054
0.025 304 354 1.079

The diffusivity (Eq. 8) of carbon dioxide depend on surface temperature T, and thecoefficient of a and
B. The p-coefficient is the ratio between CO, concentration at inversion layer (C,) and surface concentration
(C1) and a-coefficient is the square root of the ratio between earth’s surface temperature (T1) and
temperature at inversion layer (T>).
Tab. 4. CO, Diffusivity in Hanoi and Ho Chi Minh City in weak, strong
and very strong temperature inversion effect.

Site p AT (K/m) Inversions T1 (K) a Dco2
effect (mm?/s)

0.0008 weak 292 1.003 435

Hanoi 1.010 0.017 strong 292 1.057 -275.9
0.025 very strong 292 1.082 -412.9

Ho Chi 0.0008 weak 304 1.003 48.7
Minh City 1.013 0.017 strong 304 1.054 -190.0
0.025 very strong 304 1.079 -298.8

Carbon dioxide difusivity in conditions of weak, strong, and very strong temperature inversions has
been calculated and results are presented in Tab. 4, which show that:

i) When temperature inversions effect is weak, CO; diffusivity is positive and CO, diffuses downhill, it
means CO; diffusion flux goes from the surface up to inversion layer;

ii) As the temperature inversions are strong, CO, diffusivity is negative and CO; diffuses upnhill, it
means CO; diffusion flux goes from the inversion layer down to surface;

iii) In the same temperature inversions condition, the value of CO; diffusivity in Hanoi is larger than
that in Ho Chi Minh City, so reversion transport of CO in Hanoi is greater than that in Ho Chi Minh City.

Summary, strong temperature inversion can make CO- goes from the inversion layer (low concentration
area) dow to earth’s surface (high concentration area).

5. Conclusions

Weak temperature inversions effect cannot make CO; diffuse down to earth’s surface, but strong
inversion effect can make carbon dioxide goes down to earth’s surface from inversion layer. It means
reversion transport of carbon dioxide can occur in strong and very strong temperature inversion effect. In
the same condition of temperature inversion, the reversion transport of CO, in Hanoi is greater than that in
Ho Chi Minh City.
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TOM TAT
Truyén tai nguoc cacbonic trong hiéu tng nghich dao nhiét
& gan bé mat trai dat
Vii B4 Diing?*, H5 Quynh Anh® Tng Ba Tuan!
L Truong Pai hoc M - Pja chadt

Hiéu tng nghich dao nhiét trong khi quyén 14 hién tuong nhiét do tang theo chiéu cao. Hiéu tmg nghich
dao nhiét tao ra cac ving biy chat khi phat thai tir mat dat; c6 nghia 1a khéng khi 6 nhiém (nhu CO2) khong
thé thoat ra khoi cac 10p nghich dao nhiét. baéy la nguyén nhéan chinh khién khong khi ngay cang 0 nhiém.
Tuy nhién, hiéu img nghic dao nhiét con co thé 1a nguyén nhén cua qua trinh vén chuyén nguoc cac chat 6
nhiém khong khi tir trén cao quay tro lai bé mit trai dat. Day ciing 13 mot ‘nguyén nhén lam cho 6 nhiém
khong khi ngay cang tang. Trong bai bao nay, cac tac gia trinh bay mot so két qua nghién ctru vé sy vén
chuyén nguoc chidu cua khi cacbonic do hiéu (mg nhiét d6 nghich dao & gan bé mat trai dat. Sy truyén tai
nguoc chiéu cta cacbon dioxit do hi€u tng nghich ddo nhiét da duoc tinh toan tai Ha N§i va Thanh pho
Ho6 Chi Minh. Két qua cho théy: i) hiéu ing nghich déo nhiét d6 yéu, thi khong thé lam cho CO2 khuéch
tan ngugc xuéng bé mat trai dét, nhung hi€u tng nghich ddo manh cé thé 1am cho khi cacbonic van chuyén
xudng bé mit trai dat tir 16p nghich déo; hiéu (mg nghich dao cang manh thi dong CO2 truyén tai nguoc
cang 16n; ii) CO2 truyén tai trong hiéu ing nghich dao nhiét & Ha Noi manh & Thanh phd Ho Chi Minh.

Tur khod: Hiéu tng nghich dao nhiét; khuéch tan Ién ddc, truyén tai nguoc cua cacbonic.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Mot s6 yéu té anh huong dén kha niang dong rin bun do
bang phuong phap geopolyme str dung chat két dinh cao lanh

Cong Tién Diing!*, Bui Dac Thanh? Lé Thi Phuong Thao®, Nguyén Viét Hung?, L& Thi Duyén?,
V6 Thi Hanh?, Vii Thi Minh Hng®, Nguyén Manh Ha!, Bang Vian Kién®, Nguyén Duyén Phong?
1 B¢ mén Hoa hoc, Khoa Khoa hoc co bdn, Tricong Pai hoc Mo - Bja chadt
2 PTN Héa moi truong, Khoa Héa hoc, Truong Dai hoc Khoa hoc Ti nhién — DHOGHN
3 B¢ mén Xay ding cong trinh ngam va mé, Khoa Xay dung, Trueong Pai hoc Mé - Pia chat

TOM TAT

Trong nghién ctru nay, bun do thai duoc nghién ciru dong ran bang cong nghé polyme v6 co sir dung chit
két dinh cao lanh nham tao ra vat liéu véi dinh hudng ng dung trong linh vuc xay dung. Hon hop cao lanh,
bun dé duoc tron véi dung dich chat hoat hoa kiém véi ti 1¢ thanh phan, nhiét d6 va thoi gian dudng mau
khéc nhau tao thanh vat liéu geopolyme. Tinh chét chiu nén ciia cac vat liéu sau dong ran duoc khao sat.
Két qua nghién cau cho thay vat liéu geopolyme ché tao dugc sau xir 1y dong ran bun do bang chat két dinh
cao lanh c6 kha nang cho cudong do chiu nén cao nhét 1a ~21 Mpa. Vit liéu c6 tiém ning tng dung lam vat
liéu khong nung trong linh vuc xay dung.

Tur khéa: geopolyme, polyme vo co, bun do, cao lanh.

1. Mé dau

Bén canh vai trd quan trong trong su phat trién kinh té, nganh khai thac khoang san nhur quing bauxit dé
san xuét alumina — nguyén liéu dé san xuit nhém — ciing c6 nguy co tac dong I6n dén moi trudng. Dé san
Xuét ra 1 tan alumina (nguyén liéu dé san xuat nhém) tir quang bauxit bang phuong phap Bayer s& thai ra
khoang 1,3-1,5 tin bun thai (bun d6) (Liu, Lin et al. 2007). Hang nam, lugng bun dé thai ra trén thé gisi 1a
rat Ion, 1én téi 82 triéu tan (Liu, Lin et al. 2007, Rai Suchita 2012, Hajjaji, AndrejkoviCova et al. 2013). Tai
Viét Nam, nha may alumin T4n Rai (Lam Ddng) ciing thai ra ¢ 1,5 triéu tin bun dé/nim. Bun thdi nay co
do pH rat cao tir 11-13,2 va chinh 1a tac nhan gay nguy co o nhiém méi trudng nhu: i) 6 nhidm nguén nude
ngam va nuéc mat do c6 chira kiém va cac tap chat kim loai nang (Sahu, Patel et al. 2010); ii) tac dong truc
tiép t6i tham dong, thuc vat (Tamotia 2000); iii) nguy co gdy anh huong va khé cé thé khac phuc trén dién
rong, nhu sy ¢d bun do6 & Ajka (Hungary) nam 2010 (Burke, Mayes et al. 2012, Renforth, Mayes et al.
2012). Chinh vi vay, viéc xir 1y bun do di va dang dugc céc nha khoa hoc trén thé giéi quan tdm nghién
ctru: 1am vat liéu zeolite, hap phu (Liang, Couperthwaite et al. 2014, Belviso, Kharchenko et al. 2018,
Deihimi, Irannajad et al. 2018, Xie, Zhou et al. 2018), 1am chat x(c tac (Oliveira, Costa et al. 2017, Shim,
Nah et al. 2018), lIam vat liéu xay dung (Ribeiro, Labrincha et al. 2012, Hajjaji, Andrejkovi¢ova et al. 2013,
Alam, Das et al. 2017).

Polyme v co (con goi la geopolyme) la hop chat aluminosilicat ¢ dang tir vo dinh hinh dén mang luéi
ban tinh thé khong gian 3 chiéu (Davidovits 1994). Mang lu6i ciu tric cua polyme v co duya trén co s¢
ngung tu lién két cac tur dién [SiO4] va [AlO] tao thanh tir sy hoat hda kiém nguon tién chat aluminosilicat.
Ba loai don vi cdu tric lién két thuong thdy trong polyme v co 1a poly(sialate)
(-Si-O-Al), poly(sialite-siloxo) (-Si-O-Al-O-Si-) va poly(sialate-disiloxo) (-Si-O-Al-O-Si-O-Si-). Cong
thirc chung ciia geopolyme 12 Ma[(SiO2)z-AlO;].. Trong do, z la ti I¢ Si/Al nam trong khoang tir 1-3; n 1a
mirc do polyme héa. Cac chét kiem hoat hoa thuong dugc ding 1a NaOH, Na,SiOs. Qua trinh hoat hoa
kiém cho vat ligu aluminosilicat 1a mot qua trinh phic tap va cho dén nay van con chwa dugc mé ta rd rang.
Thuong thi qua trinh polyme héa c6 thé duoc chia thanh cac budce chinh nhu sau: (i) hoa tan phan tir chira
nguyén tir Si va Al trong nguyén liéu nho cac ion hidroxit trong dung dich; (ii) dinh huong lai cac ion trong
dung dich tao thanh cdc monomer; (iii) ngung tu cac monome thanh cac cAu tric polyme v co. Sau khi
dugc polyme hda, vat liéu tro thanh dang dong rén véi cac tinh chat co 1y, hoa thay déi phu thudc vao nhiéu
yéu t6 anh huéng dén qua trinh polyme héa nay va ban than cét liéu. Cac polyme vé co hinh thanh c6 kha
ning gitip cing héa c4c vat lidu b roi theo co ché két dinh va bao boc céc hat vat liéu véi nhau bang cac

*Tac gia lién h¢
Email: congtiendung@humg.edu.vn
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lién két hda hoc xay ra trong qua trinh geopolyme hda. Hop chat polyme v6 co thu dugc c6 khd néng sir
dung lam vat liéu xay dung ma khdng can qua giai doan nung ton nhiéu niang luong.

Trong nghién ciru nay, ching toi nghién ciru kha nang dong ran bun d6 thai ciia nha may san xuét alumnia
Tan Rai (Lam Pong) bang phuong phip geopolyme sir dung cao lanh lam nguon cung céap tién chat
aluminosilicat dinh huéng lam vat liéu xay dung khéng nung.

2. Thuc nghiém )
2.1. Nguyén ligu, héa chat

Buin do6 cyc lay tir bai thai cua nha méay san xuat alumin Tan Rai (Lam Ddong) dugc sdy, nghién nho va
ray lay kich thudc hat <90 um. Cao lanh dugc sir dung trong nghién ctu 1a cao lanh Trdc Thén (Chi Linh,
Hai Dwong) & dang bot min. Cac nguyén li¢u déu dugc siy khd & 105°C trong 24h trude khi tién hanh thi
nghiém. Cac chat hoat hda kiém sir dung trong nghién ciru 1a NaOH dang hat (Trung Quéc 98%), Ca(OH),
dang bot min (Trung Quéc, 99%).

2.2. Péng rin bin dé theo phwong phdp polyme vé co va do cwong dé chiu nén cia vt ligu

Thanh phan phéi liéu sau khi can theo céc ti 1¢ khdi lugng cao lanh: bun d6 xac dinh dugc lac, tron déu
v6i nhau, roi cho tir tir dung dich kiém hoat héa khac nhau NaOH hoic NaOH + Ca(OH) véi cac nong
dd/ham luong khac nhau cia NaOH tir 4M+12M va Ca(OH); tir 15-75g vao hdn hop roi tron, nhao hdn hop
d6 trong 15 phut. Ti 1¢ khdi lwong chat long/ran duoc gitr nguyén khong ddi 1 0,37. Han hop sau d6 duoc
dua vao khuon tao hinh mau vat liéu c6 kich thudc 40x40x40 (mm). Cac khuon nay duoc dua vao 10 sdy &
nhiét d6 60°C trong vong 24h. Sau d6, cac mau dugc thao khudn va dudng & nhiét 6 phong cho dén khi
dugc dem do cuong d6 chiu nén (3 ngay, 7 ngay, 14 ngay, 28 ngay hoac 42 ngay).

Cuong do chiu nén cua mau vat liéu polyme vé co dugc do bang may Advantest 9 Controls Model 50-
C9030 vdi toe do gia tai 500 kN/giay. Cudng d6 chiu nén (Mpa) R = F/A ; trong d6: F: 1a lyc nén khi mau
bi pha huy (N), A: Ia gia tri trung binh cong dién tich hai mat chiu nén (mm2). Hinh théi hoc ctia mau dugc
dic trung bang phuong phap chup anh hién vi dién tir quét (SEM) trén may model Quanta 450 (FEI — M).

3. Két qua va thio luan
3.1. Tinh chat ciza nguyén vt ligu

Két qua phan tich thanh phan hda hoc cac mau buin do, cao lanh trong Bang 3.1 cho thay: bun dé c6 ham
luong sat oxit chiém phan 1on (~48%), ham luong nhém oxit va silic oxit chiém lan luot 12 ~16% va 6%;
cao lanh ¢6 ham lugng silic oxit chiém ti 1¢ cao nhat trong mau (~48,8%), ham lugng nhdm oxit cao thi
hai (chiém ~35%). Thanh phan silic va nhém cao trong cao lanh chinh 1a nguon chét két dinh déng vai tro
quan trong cho qué trinh xtr Iy dong ran bin do theo cong nghé geopolyme.

Bang 1. Thanh phan héa hoc cua nguyén liéu bin do, cao lanh theo phiong phip XRF
. Thanh phén (% khdi lwgng)
Nguyén Lol

ligu SiO; | AlO3 | Fe;03 | TiO2 | MnO | Na;O | K:O | CaO | MgO (mét khi nung)

Bun do 6,01 | 16,16 | 48,29 | 644 | 0,08 | 427 | 0,09 | 3,35 | 0,13 14,30
Cao lanh | 4885 | 3545 | 064 | 003 | 0,18 | 0,05 | 1,47 | 0,06 | 0,04 12,98

Anh SEM trén Hinh 1 cho thiy bun do c6 kich thuéc hat nho ¢& 1 pm két dam voi nhau. Cao lanh
dang phién, tam xép 16p ¢o kich thudc cac hat tir khoang 1 — 10 um.

Hinh 1. Anh SEM cua cac nguyén liéu bun do (a), cao lanh (b)
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3.2. Cwong dj chju nén cia vt ligu polyme vé co sau dong rdan bin dé bang chdt két dinh trén co sé
cao lanh
3.2.1. Anh huong cua ti 1¢ ham lwong cao lanh/bin do

Khi thay ddi ti 1 cao lanh/bun d6 s& dan téi ham lwong nguon tién chat caa nhdm silic cho qué trinh
geopolyme héa thay ddi, tir 6 kha nang dong rin bun do ciing khac nhau. Anh huong ciia ham lwong cao
lanh/bun d6 da duoc tién hanh khao sat véi diéu kién thi nghiém: chat hoat hda NaOH 8M, 45g Ca(OH)s;
ham lugng cao lanh/bun d6 thay doi tir 0/300, 75/225, 150/150, 225/75 va 300/0 (g/g), sdy & 60°C trong
24h, sau d6 dudng ¢ nhiét o phong trong 28 ngay trudc khi do cuong d6 chiu nén.

20
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Cueng do chiu nén (MPa

W30 75225 (50MS0 | 22675 30010
Ti 1& ham lwgng cao lanh/bin dé (g/g)
Hinh 2. Cuong d¢ chju nén cua vdt ligu polyme vé co theo ti 1é ham lwong cao lanh/bun do

Két qua trén hinh 2 cho thay cuong dé chiu nén cua vat liéu chi c6 bun d6 (ti 1é cao lanh/bun d6 =
0/300) 1a rat thap (~2Mpa). Khi ti I¢ thanh phan cao lanh tron véi bun do tang 1én thi cwong do chiu nén
cua vat liéu ting 1én dang ké. Biéu nay c6 thé duoc giai thich rang khi bé sung ham lwong cao lanh thi ham
lwong Si, Al trong trong thanh phan phéi liéu ting 1én, tir &6 1am ting ham lwong silic, nhdm hoa tan trong
hdn hop, lam tiang kha ning phan tng geopolyme héa nén cudng do chiu nén cua vat licu cao hon. Hajjaji
va cac cong su (Hajjaji, Andrejkovicova et al. 2013) thdy ring cudng d6 chiu nén cua vat liéu polyme vo
co ciing c6 xu hudng giam xudng khi ham lwong bin do6 thay thé cao lanh trong mau ting 1én. Ham luong
bun do thay thé 12 10% (ti 1& cao lanh/bun d6 1a 9/1) thi cudng d6 chiu nén cua vat lidu dat gié tri cao nhat
(~11Mpa). Trong nghién ctru ndy, mau vat lidu c6 ti 1& cao lanh/bun do 1 225/75 (bun do thay thé 25% cao
lanh) van cho gid tri cudng d6 chiu nén tuong dbi cao (>10 Mpa). Vi thé, ti 1& cao lanh/bun dé nay tiép tuc
dugc st dung cho cac nghién ctu tiép theo.

3.2.2. Anh hwong ciia ham lwrong chat hoat hda kiem NaOH

Ham lugng chat hoat hoa kiém s& anh huong truc tiép dén kha nang hoa tan nhom va silic tir nguon chat
két dinh cao lanh, tir d6 anh huong dén kha ning geopolyme hoa va cudng do chiu nén cua vat lidu ché tao
duge. Ching toi da tién hanh thuc nghiém véi ndng @6 NaOH thay dbi tir 2M, 4M, 6M, 8M va 10M; ti I&
cao lanh/bun do 1a 225/75 (g/g); 459 Ca(OH)2; siy & 60°C trong 24h dau tién, sau d6 duge dudng ¢ nhiét
d6 phong.
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Két qua khao sat trén hinh 3 cho thay: Khi ting ham lugng chat hoat héa kiém NaOH thi cudng do
chiu nén cua cac mau vat liéu ciing tang 1én. Tuy nhién, néu ham luong NaOH ting qua 6M thi cuong do
chiu nén cua cac mau vat liéu geopolyme lai giam xudng. Didu nay c6 thé giai thich 1a: khi ting ndng do
chat kiém hoat hoa thi kha ning hoa tan ngudn nhdm, silic tao ra nhiéu hon cic monome cho qua trinh
geopolyme hoa nén cudng d chiu nén cua vat liéu ché tao dugc tang 1én; tuy nhién khi nong ¢6 NaOH
tang qua 6M thi c6 thé ham lugng chat kiém trong mau vat liéu da qua du lam giam kha nang gan két ciu
trdc, dan dén cudng d6 chiu nén giam. Nhu vay, ndng do6 chét kiém hoat héa NaOH 6M la thich hop vi vat
liéu dat cudong d6 chiu nén dat cao nhit (16.3 Mpa).

3.2.3. Anh hwong ciia ham lwong chdt phy tro Ca(OH)2

Vit liéu duoc ché tao Véi cdc didu kién: 225 g cao lanh, 75 g bun do, ham lugng Ca(OH), thay ddi
tir 0 — 60g dugc tr(f)n’vdi chat kiém hoat héa NaOH 6M, say ¢ 60°C trong 24h dau tién, sau d6 dugc dudng
& nhiét do phong. Két qua khao sat cudng d6 chiu nén cta cac vat liéu dugc dua ra trén hinh 4.
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Hinh 4. Cuong dé chiu nén cua vdt liéu geopolyme theo ham luong Ca(OH), ¢ NaOH 6M

Két qua trén hinh 4 cho thay cuong do chiu nén cua vat ligu geopolyme ché tao duge c6 xu hudng ting
Ién khi tang ham luong Ca(OH), c6 mat trong hdn hop phdi liéu va dat gia tri cao nhat khi ham lugng
Ca(OH), trong mau 1a 30g. Cuong d chiu nén cua vat liéu ché tao dugc khi thém 30 g Ca(OH)g 6 NaOH
6M (21,17 Mpa) da tang 236% so véi khi khong c6 mat Ca(OH)2 (8,96 Mpa). RS rang rang sw cO mat cua
thanh phan Ca(OH)z da anh huong tich cuc téi kha nang dong rén bun do trén co s chat két dinh cao lanh.
M.J.A. Mijarsh va cac cong su (Mijarsh, Megat Johari et al. 2015) ciing da nghién ciru thy cuong do chiu
nén ciia vira geopolyme tir tro dau co tang 1én toi 188% khi c6 mat thanh phan Ca(OH),. Anh huong tich
cuc ciua Ca(OH), t6i cuong do chiu nén cua vat liéu geopolyme ciing duoc dé cap dén trong nghién ctu
ctia Maria Luz Granizo va cac cong su (Granizo, Alonso et al. 2004). Khi c6 mat Ca(OH), thi c6 thé da tao
ra sy khac biét trong cau trdc mang ludi va sy hinh thanh canxi silicat hydrat ha (C-S-H) c6 tinh ctng l6n.
Bén canh dé, cudng d6 chiu nén cua vat liéu thuong sé tang 1én khi giam do rdng, ting d6 tric dac cua vat
liéu. Cac phan tir Ca(OH); ciing c6 thé da di vao trong cac 15 trong ciia vat lidu, 1am cho d¢ dac khit cua
vt liéu tang Ién, tir d6 ting cuong do chiu nén cua vat liéu sau xur 1y dong rén. Hon nira, hién twong tring
bé mit do bi cacbonat hoa ciing khong con xuat hién khi vat liéu ché tao ¢6 thém thanh phan Ca(OH),, thé
hién rd trén hinh 5.

@ (b)
Hinh 5. Anh mdu vt liéu geopolyme ché tao diroc & NaOH 6M khi c6 Ca(OH) (a)
va khéng cé Ca(OH): (b)
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3.2.4. Anh huwong cua thoi gian diedng mau

Thoi gian dudng mau ciing 1a thong s quan trong ta cin xem xét khi ché tao vat liéu. Ching t6i da lam
thuc nghiém khao sét cua thoi gian dudng mau téi cuong do chiu nén cua vat liéu. Thanh phan nguyén vat
liéu duoc str dung nhu sau: 225g cao lanh, 75g bun dé, dung dich NaOH 6M va 30g Ca(OH),. Cac mau
dugc sy ¢ 60°C trong 24h, sau d6 duoc dudng & nhiét d6 phong véi cac thoi gian dudng khac nhau tir 3
ngay, 7 ngay, 14 ngay, 28 ngay, 42 ngay.

25

I/ e
l/
e

Cuwong do chiu nén (MPa)
S o 8

«
L

1] T T T T T T T T T T T T
[} 7 14 21 28 35 42

Thai gian dudng mau (ngay) .
Hinh 6. Cuong d¢ chiju nén cua vdt ligu ¢ cac thoi gian dwéng mau khac nhau

Két qua khao sat cho thdy: Cudng do chiu nén cua vat liéu ting 1én khi thoi gian dudng mau tang. Do
tang cuong do chiu nén tang nhanh trong thoi gian dau cua qua trinh dudng mau, sau d6 cudng do van tiép
tuc ting nhung cham dan theo thoi gian. Ta c6 thé quan sat thiy sau 3 ngay dudng, cuong do chiu nén cia
mau vat ligu da l6n hon 15Mpa. Sau 7 ngay va 14 ngay dudng mau, cudong do chiu nén cua cac mau VAt
liéu geopolyme van tang tuong dol rd (khoang 7 — 15%). Sau 28 ngay, cac mau dat cuong d6 chiu nén cua
cac mau di twong d6i 6n dinh va gan nhu dat gié tri cudng do chiu nén cao nhat.

3.2.5. Anh hwong cua nhiét @ dwéng mau

D¢ dénh gia dnh hung cua nhiét o toi tinh chét vat liéu, chling toi tién hanh khéo sat voi cac mu vat
liéu nhu sau: thanh phan nguyén liéu bao gom 225g cao lanh, 75g bun d6, dung dich kiém hoat héa NaOH
6M va Ca(OH); la 30g. Cac mau vat liéu dugc dudng ¢ cac diéu kién nhiét d6 khac nhau nhiét d6 phong
(~30°C), 60°C va 80°C trong 24h dau tién, sau d6 dugc thao khudn va déu duoc dudng tiép & nhiét do
phong.
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Hinh 7. Cwong dé chiu nén theo thoi gian dwéng mau cia cac vat liéu ché tao duoc
V6i nhiét @ dwdng khdc nhau trong 24h dau tién
Qua két qua nghién ctru cac mau c6 nhan xét nhu sau: mau vat liéu sdy & nhiét d6 80°C co cuong do
chiu nén cao hon so véi cac mau dé dudng ¢ 60°C va cao hon han cac mau dudng & nhiét d6 phong sau 3
ngdy, 7 ngay va 14 ngay dudng mau. Puong cong cudng do chiu nén ciia cac mau vat liéu dudng & cac
nhiét d6 khac nhau déu cé hinh dang va xu huéng giéng nhau la tiém can t6i gié tri cuong do chiu nén cao
nhét. Cudng d6 chiu nén cua vt liéu dudng ¢ 80°C tiém can nhanh hon & 60°C va cham nhat I & nhiét do
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phong. Wei Hu va cac cong sy (Hu, Nie et al. 2018) nghién ciru anh huong cua nhiét 6 dudng mau téi
cuong d6 chiu nén cua vat liéu geopolyme ché tao dugc tir tro bay va bun do thi ciing thy c6 su ting cudng
d6 chiu nén khi tang nhiét do duong mau. Bén canh d6, o 4m dudng mau ciing anh huong khé 16n t6i do
chiu nén cua vat liéu. D6i voi mau dudng & nhiét do phong sau 24h, viéc thoat hoi nudc trong mau cham
hon cac miu ¢ dudng ¢ nhiét d 60°C va 80°C nén sau 24h, bé mit mau khong se kho nhu hai mau con lai.

Sau thoi gian dudng 24h, trén bé mat mau dudng ¢ nhi¢t do phong co hién twong méc trang diéu nay cang
chung to sy thoat nuéc cham kéo theo lwong kiém du, khi ra bén ngoai tiép xdc vai khong khi di tao thanh
cacbonat, tao nén I6p mang tring nay. Vat lidu khi say & nhiét do cao 80°C thi ddy nhanh toc do dong cing
va lam qua trinh dong ran cla vat liéu tang 1én, cudong do phét trién & thoi ky dau cang rd rét, dat nhanh
tiém can dén cuong do cua 28 ngay vi trong diéu kién nhiét d¢ cao ¢6 hoi nuéc bdo hoa, kha ning hoa tan
céc thanh phan Si- Al c6 trong nguyén li¢u tang 1én, phan {ng geopolyme hoa xay ra nhanh hon, triét dé
hon. San pham phan @ng sinh ra nhidu hon so véi khi & d1eu kién thuong do vay lam cau tric vat liéu tro
nén bén virng hon, cudng d6 chiu nén cao hon, trang thai 6n dinh nhanh hon.

Nhu vay, nhiét do dudng mau trong 24 gio AU tién o anh huong quan trong dén kha niang xir 1y dong
rin bun do. Cac vt liéu geopolyme khac nhau c6 thé phu hop véi cac nhiét do dudng mau khac nhau nhu
Zahariki va cac cong su (Zaharaki, Galetakis et al. 2016) nghién ctu ¢ 80°C, Kaya (Kaya and Soyer-Uzun
2016) lam & 60°C, Hajjaji (Hajjaji, Andrejkovicova et al. 2013) nghién citu & 50°C hay Ascensdo
(Ascensdo, Seabra et al. 2017) lam & nhiét d6 phong. Trong nghien Clru ndy, dudng Vit liéu & nhiét do
phong hgay tir 24 gio dau tién khong phi hop do qua trinh dong rin vat liéu dién ra cham, cuong do chiu
nén thap va bi cachonat hoa bé mat. Nhiét do dudng trong 24 gio dau tién 1a 60°C thi phu hop cho qué trinh
dong ran mau vi vira dam bao cudng do chiu nén tot, vira khéng mat qua nhiéu nang luong.

4. Két luan

Mot s6 yéu t6 anh hudng dén kha nang chiu nén cua vat lidu sau dong rén bun doé bang phuong phép
polyme v6 co trén co s& cao lanh da dugc nghién ciru. Ti 16 thanh phan cao lanh/bun dé, ham luong chat
kiém hoat h6a NaOH, thoi gian va nhiét do dudng mau c6 anh huong rd dén cudng do chiu nén cua vat liéu
sau xir Iy dong ran. Sy ¢ mat cua thanh phan Ca(OH), lam tang manh (~230%) gi4 tri cuong do chiu nén
cua vat liéu. Trong pham vi khao sat, diéu kién thich hop dé ché tao vat liéu polyme v6 co dong ran tir cao
lanh va bun d6 cho c6 gia tri cuong d6 chiu nén cao nhét (~21 Mpa) 1a 225g cao lanh, 75g bun do, 30g
Ca(OH)2, NaOH 6M, ti & ham lugng ran/long = 0,37, sdy & 60°C trong 24h dau tién va dudng & nhiét do
phong. Vit liéu polyme v6 co ché tao duoc ¢d tiém ning ung dung lam vat liéu khong nung trong linh vuc
xay dung.

Loi cidm on
Nghién ciru dugc thuc hign voi su hd tro cia dé tai KHCN ma sé B2019-MDA-03. Nhom téc gia tran
trong cam on cac y kién phan bién va nhan xét gép phan nang cao chat lugng bai bao.
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ABSTRACT

Factors affecting on solidification of red mud
by geopolymer technique using kaolin binder

Cong Tién Diing!, Bui Dac Thanh? Lé Thi Phuong Thao!, Nguyén Viét Hung?, Lé Thi Duyén?, V& Thi
Hanh, Vi Thi Minh Hong?, Nguy&n Manh Ha!, Bang Van Kién?, Nguyén Duyén Phong?
! Department of Chemistry, Faculty of Basic Sciences, Hanoi University of Mining and Geology
2 Lab of Environmental chemistry, Faculty of Chemistry, University of science, Hanoi national university
3 Department of Underground and Mining Construction, Faculty of Civil engineering, Hanoi University
of Mining and Geology

In this paper, several factors affecting on solidification of red mud by geopolymer technique using kaolin as
a binder were investigated in order to prepare the materials, which can be directed to apply in construction
field. Kaolin and red mud, and alkaline activator were mixed with different components ratio, curing
temperature, curing time to obtain geopolymeric materials. The properties of materials prepared were
examined. The results show that the compressive strength of geopolymeric material obtained by solidification
of red mud with kaolin binder was relatively high, in which maximum value was about 21 Mpa. The
geopolymeric materials have high potential to apply as the unsintered materials in construction field.

Keywords: Geopolymer; red mud; kaolin.
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Ag" ion adsorption on hydroxyapatite powder
and Ag metal recovery by electrochemical method

Le Thi Duyen*, Vo Thi Hanh?, Le Thi Phuong Thao?, Dinh Thi Mai Thanh?
! Hanoi University of Mining and Geology
2 University of Science and Technology of Hanoi

ABSTRACT

Hydroxyapatite (Hap) powder was synthesized by chemical precipitation method from 0.5 M Ca(NOs), and
0.3 M (NH.)HPO; solution at pH 10 by using 28% NHj3 solution. The adsorption of Ag* onto the Hap
powder (formation Hap-Ag) was carried out in agueous solution. The adsorption capacity and efficiency of
Hap powder adsorbent for Ag* under suitable conditions were found to be 9.11 mg/g and 56.46 % respectively.
The desorption of Ag* out of Hap-Ag and recovery of Ag metal by electrochemical method were studied
in aqueous (H2SO4and Na;SO4 solution) and deep eutectic solvent (DES) medium (Reline solvent). The
results indicated that Ag™ can be desorbed out of Hap-Ag in H2SO4 solution and reline solvent was better
than one in Na;SO4 solution. However, Hap and Hap-Ag was dissolved in H2SO4 solution, different from
ones in reline solvent. The obtained result will open a potential application direction for the recovery of
Ag*ions in wastewater using Hap powder adsorbent and Ag metal recovery by electrochemical deposition
in reline solvent.

Keywords: Adsorption of Ag*; hydroxyapatite; desorption of Ag*; electrochemical deposition.

1. Introduction

Calcium hydroxyapatite (Caio(POa4)s(OH)2, noted as Hap) has shown a remarkable adsorption efficiency,
has been versatile material, has extensively studied and applied. Synthetic Hap has chemical composition
and biological activity similar to the natural bone (Sumathi, 2014). Hap is non toxic, non allergic to human
and has antibacterial properties. Therefore, Hap and Hap doped some elements are prepared in different
forms, including powder, membrane, composite and ceramic by physical, chemical, electrochemical
methods and were applied in biomedical field (Michiyo, 2013; Flavio, 2016; Thi Hanh Vo, 2018; Janis,
2013). Out of the biomedical field, Hap and Hap doped some elements have been applied in environment
treatment. They can remove several contaminated agents such as Cu?*, Pb%*, Zn?*, Cd?*, Co%, Ni%, ...
(Alessia, 2008; Neha, 2012; Duyen Thi Le, 2019; Nirav, 2016) and NOgz’, PO,*, F-, phenol, nitrobenzene,
congo red from aqueous solution (Deyi, 2012; A. Bahdod, 2009; Huijuan, 2012 ; Sanna, 2014; Wei, 2010;
Chilukoti, 2016).

General, the studied results show that Hap can remove heavy metals in the water with high efficiency,
is similar to or better than normal adsorbents such as activated carbons, aluminium oxide, silica gel, etc.
However, there have been no reports to study for the adsorption of Au®*, Ag* on Hap. But there were some
reports on preparation silver doped Hap by immersion Hap powder/membrane in AgNOs solution to
proceed ion-exchange process between Ag* and Ca?* (F. Bir, 2012; Bo, 2016; Flavio, 2016; Cong, 2016).
Therefore, it can be proceeded to adsorb Ag* on Hap from the water solution and form Hap-Ag. After that
, it is important to desorb Ag* out of Hap-Ag and recovery of Ag metal.

Many years ago, silver deposition on electrodes was investigated in aqueous solutions such as inorganic
acid (Dongya; 2016), neutral (Dongya, 2016; P. Sebastian, 2013), alkaline (Innocenzo, 2010), organic acid
as citric, tartaric acid (O. Aaboubi , 2012; Zarkadas, 2005) media and some other media (Syed, 2016).
Especially the presence of cyanide has featured prominently as a selective reagent by high efficiency and
relatively low cost (Syed, 2016; Luce, 1974; Dai, 2013, Krastev, 2001). However, cyanide media is toxic
electrolyte as the traditional bath for the electrochemical deposition of silver on nickel/copper electrode.
For these reasons, many cyanide-free bath formulations have been previously proposed such as
thiosulphate, NHs,...(Krastev, 2001; Feng-zhang, 2013).

*Tac gia lién h¢
Email: lethiduyen@humg.edu.vn
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Recently, room temperature ionic liquids (RTILs) have attracted considerable attention especially in the
fields of catalysis, material chemistry, and more recently for the pre-treatment of biomass. RTILs have
received increasing attention as potential electrolytes to overcome the limitations encountered in traditional
aqueous media with electrochemical applications, such as metal electrodepositions (Dongya; 2016; Gulnaz,
2015; Roberta, 2007; Andrey, 2017; Emma; Quentin, 2017). RTILs were formed by mixing together two
salts. Although both salts have very high melting points, their proper mixing leads to the formation of a
liquid phase, the so-called eutectic mixture.

To overcome the high price and toxicity of Ils, a new generation of solvent, named Deep Eutectic
Solvents (DES). DES has emerged at the beginning of this century. Formation of these DESs can be
obtained by simply mixing together two safe components (cheap, renewable and biodegradable) which are
capable of forming a eutectic mixture. One of the most widespread components used for the formation of
these DESs is choline chloride (ChCI). There were a lot of publications about deposition silver from DES
which were formed from ChCI (Quentin, 2017; Stella, 2008; Qinghua; 2012; Trang, 2013).

2. Experimental
2.1. Preparation of Hap powder

Hap powder is prepared by a wet chemical precipitation method from Ca(NO3)2.4H,0 and (NH4):HPO,4
salts in water following reaction (1) (Trang, 2013). Accordingly, the aqueous solution of 0.3M (NH4)2:HPO4
is slowly added dropwise into a 0.5M solution of Ca(NOs), at a rate of 1 mL.min. During the process, the
pH value of the solution is adjusted to about 10 using the concentrated NH3 solution. The reaction is carried
out at 25°C with continuous stirring (800 rpm). The obtained precipitate is aged for 15h and then repeatedly
centrifuge-washed with distilled water until neutral pH, then dried at 80°C in 24h. The obtained Hap powder
is white with a size less than 100nm (Trang, 2013).

10Ca(NOg3)2 + 6(NH4)2HPO4 + 8NH3 + 2H,0 — Caio(PO4)s(OH)2 + 20NH4NO3 Q)

2.2. Preparation of deep eutectic solvent (DES)

The DES were obtained by mixing choline chloride (ChCI) (Alfa Aesar, 98+ %) and urea (U) (VWR
Chemicals, NORMAPUR). Choline chloride was recrystallized from absolute ethanol (VWR Chemicals,
NORMAPUR), filtered and dried under vacuum. Choline chloride and urea were mixed in a 1:2 molar ratio
in a closed container under constant stirring for 3 hours at 60°C until a homogeneous colourless liquid was
formed and formation the ChCI-U (Reline) DES.

2.3. Adsorption of Ag* on the Hap

The adsorption experiments were carried out in mixing m gram of Hap powder with 50ml of Co mg/L
Ag* ion solution, contact time was t minutes, initial pH of solution was natural pH (5.5). All experiments
were performed at room temperature and kept for stirring with speed of 800 rpm. Thereafter the mixture
was filtered to separate the solid and final Ag* ion concentrations were determined by Atomic Absorption

Spectrophotometer.
Adsorption capacity and efficiency were calculated by equations (2) and (3), respectively:
Q=(C0-C).V/m 2
H = (Co — C).100/Co (3)

where Q is the amount of metal ion adsorbed on adsorbent at equilibrium (mg/g), Co and C are the initial
and equilibrium concentration (mg/L) of metal ion in solution respectively, V is the volume of solution (L)
and m is the mass of adsorbent (g).

2.4. Electrochemical experiments
2.4.1. Cyclic voltammograms (CVs) in agueous and DES medium

The CVs experiments were carried out using a three electrode system connected to an Autolab
PGSTAT20 (Metrohm) potentiostat. The working electrode (WE) was Au (geometric area = 0.0201 cm?),
reference electrode (RE) was Hg, Hg>S04|SO.% for aqueous medium and Ag,AgCI|CI- for DES medium
and the counter electrode (CE) was a platinum grid of large area. Sample volume of 5mL, scan potential
range: 0.4V =+ - 0.4V, scan rate of 50 mV.S at room temperature (30°C) for aqueous medium and 60°C for
DES medium.

The working electrode was polished with a alumina-water slurry on a smooth polishing cloth, then twice
sonicated for 3 minutes and rinsed with Milli-Q water to remove any trace of alumina, and finally dried
under nitrogen. The platinum counter electrode was cleaned by flaming to red glow. Before each
experiment, the aqueous or DES medium was purged with nitrogen for at least 20 min, and kept during all
measurements under nitrogen atmosphere.
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2.4.2. Deposition of Ag metal on the surface of electrode

The deposition Ag metal was carried out in a three electrode electrochemical cell: the WE was gold plate
(geometric area = 1 cm?), the RE was Ag,AgCI|CI- and the CE was a platinum grid of large area. The
deposition potential of — 0.4V applied for 3 hours, T = 60°C. DES medium was purged with nitrogen for at
least 20 min, and kept during electrolysis under nitrogen atmosphere.

3. Results and discussion

3.1. Effect of the experimental factors on Ag* adsorption by Hap powder

3.1.1. Effect of contact time

Figure 1 shows the variation of the adsorption
efficiency of the Hap powder for Ag+ ions as a
function of the contact time. The adsorption
efficiency (H, %) increase rapidly during the first 60
min, then increase slowly and reach steady state after
60 min due to the adsorption process has tended to
reach equilibrium. To obtain high adsorption
efficiency, rapidly adsorption process, a contact time
of 60 min is chosen for subsequent studies.

3.1.2. Effect of initial Ag+ concentration

The initial concentration of Ag* has a significant
effect on the adsorption capacity and the removal
efficiency. When increasing the concentration of Ag*
concentration, the adsorption capacity increases while
the adsorption efficiency decreases (Figure 2). To
obtain a high combined adsorption capacity and
efficiency, suitable Ag* concentration can be used in
the range of 40 + 50 ppm. The maximum adsorption
efficiency of 56.46 % has been obtained for the initial
Ag*concentration of 40 ppm.

General, suitable conditions to adsorb Ag* on Hap
powder: mixing 0.1g of Hap powder with 50 ml of
40 ppm Ag* ion solution, contact time was 60
minutes, initial pH of solution was natural pH (5.5),
room temperature (30°C) and kept for stirring with
speed of 800 rpm. Thereafter the mixture was
filtered to separation the solid. The solid was Ag*
adsorbed Hap (noted Hap-Ag) to use for the studies
further.
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Figure 1. The variation of Ag* adsorption
efficiency according to contact time,
Muap = 0.1 g; Co = 50 ppm; pHo 5.5; T=30°C
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Figure 2. The effect of initial Ag+concentration
on the adsorption capacity and efficiency of Ag +,
mHAp = 0.1 g; pHO 5.5; tcontact = 60 min;

T=30°C

3.2. Desorption of Ag* out of Hap-Ag and recovery of Ag metal by electrochemical method

To find the deposition potential of Ag on the surface of electrode, CVs scan was studied in aqueous

(H2S04, NazSQO4solution) and in DES medium.

3.2.1. Desorption of Ag™ out of Hap-Ag in aqueous medium
M. CVs scan of AgNO; and Hap-Ag in H2SO4 solution

— (1) 0AM H50,

——(2) 250 mg/L Ag” + 0.1M H350y

I (wAlem?)

E (V)

Figure 3a. CV of 0.1M H,SO4 (1) and 250 mg/L AgNOs
in 0.1M H2SOq (2). Scan rate: 50 mV.S?, T =30°C
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Figure 3b. CV of (0.1 g Hap-Ag + 0.1M

H,S0,). Scan rate: 50 mV.S1, T=30°C
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The Figure 3a shows that the peak of reduction wave is near — 0.08 V. It means that the deposition Ag
on the surface of Au electrode can be proceeded at the potential of -0.08V. The results on the Figure 3b
indicated that Ag* can be desorbed out of Hap-Ag in H2SO4 acid. The peak of reduction wave is near — 0.08
V, similar to AgNOs in 0.1M H,SQ4 solution. Therefore, the presence of Hap component in the mixture
will not change deposition potential of Ag on the surface of electrode. The processes happen following:

Step 1: The desorption of Ag* out of Hap-Ag and then the reduction Ag* to Ag on the surface of Au
electrode: Ag* + le — Ag;

Step 2: The oxidation (stripping) Ag to Ag*: Ag - le —» Ag".

b. CVs scan of AgNOs and Hap-Ag in Na;SO, solution
— (1) 0.1M Na,SO,

1200 - —(2) 250 mg/L AgNO, +0.1M Na,SO,
1000 4 0.1g HAp-Ag + 5 mL 0.1MNa2s04
800 - 0
600 2]
o 400 =2
g <
% 200 g B
g % =7
200 4 S —
-400 - =
-600 - 4]
04 02 00 02 04 ' ' - ' '
E(V
v) EV)
Figure 4a. CV of 0.1M Na2S0O4 (1) and 250 mg/L Ag+ Figure 4b. CV of (0.1 g Hap-Ag + 0.1M

in 0.1M Na2S04 (2). Scan rate: 50 mV.S-1, T=30°C Na2S04). Scan rate: 50 mV.S-1, T=30°C

Figure 4a shows that the peak of reduction wave is near — 0.1 V. It is different a little from one in acid
solution (about -0.08V). The processes happen similar to acid solution. The figure 4b shows that both
reduction and oxidation waves are small and the peak of reduction wave is near — 0.18V. This is different
from 0.1M H3SQO;4 solution (-0.08 V).

The comparison CV of Hap-Ag (m = 0.1 g) in H2SO4 solution to the obtained result in Na2SO, solution
is showed on figure 5.

—— (1) 0.1 g HAp-Ag + 0.1M H,SO,
900 — ——(2) 0.1 g HAp-Ag + 0.1M Na SO,

j (nA/cm?)
1

E (V)
Figure 5. CV of 0.1 g Hap-Ag in 0.1M H>SO4 (1) and in 0.1M NazSO4 (2).
Scan rate: 50 mV.S?, T =30°C

It can show that Ag* desorption out of Hap-Ag in H,SO. is better than one in Na;SQO4 solution. This
result is explained as follow: Hap and Hap-Ag dissolve in H,SO4 more than Na,SO4 solution. The fact that
dissolution 0.5g Hap or 0.5g Hap-Ag in 5mL 0.1M H,SO4, after 30 minutes with stirring, the mixture was
not changed clearly but after a few hours it was concentrated. There was reaction in this case. Beside that
it was not observed when experiment with 0.1M Na,SO, solution. Addition, taking 0.5 g Hap-Ag push 5
mL 0.1M NazSO4 solution with 30 minutes stirring, and then filtering and taking the solution to CV scan.
The result is expressed at Figure 6.
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9 0.5g HAp-Ag+ 0.1M Na2504
stir 30 min, filltering and measurement sclutich

J (Alem?)

E (V)
Figue 6. CV of filtering solution. Scan rate: 50 mV.S-1, T = 30 °C.

On the figure 6, there are neither oxidation peak nor reduction peak, it means that desorption of Ag* out
of Hap-Ag by 0.1M Na,SO, solution is not successful. However, if the experiment is proceeded under
electrochemical reaction, Ag can be desorbed a small part (Figue 4b).

3.2.2. Desorption of Ag* out of Hap-Ag in DES medium
M. Trying dissolution ability of Hap and Hap-Ag in the reline solvent

Add 0.1 g Hap powder or 0.1 g Hap-Ag powder in 10 mL reline and then stir at 60°C in 30 minutes. The
results show that Hap and Hap-Ag were not soluble (may be Ag* ions go into reline and Hap was not
soluble).

b. CV scan of reline solvent and Hap-Ag in the reline solvent

The result on the Figure 7 indicated that Ag* can be desorbed out of Hap-Ag in reline solvent. The peak
of reduction wave near — 0.03 V, this agrees with the CV of Ag* in reline reported in the literate [34] and
different from one in 0.1M H,SQO4 solution (-0.08 V) and in 0.1 M Na,SO4 solution (-0.18 V). The processes
happen following:

Step 1: The complex between Ag* of Hap-Ag with CI- of reline was formed (AgCla'™, n = 2 — 4). After
this, the reduction Ag* (of AgCI'™ to Ag on the surface of electrode: AgCl\*™ + 1e — Ag + nCI-

Step 2: The stripping Ag to Ag*: Ag—1le — Ag*

General, Ag* can be desorbed out of Hap-Ag in the reline and adsorbent (Hap) may be recovered.

Scan potential range: 0.65 - -04V

0 —— (1) Reline
] —— (2) 0.5 g HAp-Ag + Reline

J (nAlem?)

E (V)

Figure 7. CV of the reline (1) and Hap-Ag in the reline (2). Scan rate: 50 mV.S?, T =60 °C.

3.2.3. Recovery of Ag metal
The result of CVs of Hap-Ag in H.SO., Na,SO4 solution and reline solvent indicated that Ag* can be

desorbed out of Hap-Ag in H,SO, solution and reline solvent was better than one in Na,SO4 solution.
However, Hap and Hap-Ag was dissolved in H,SO4 solution therefor Hap adsorbent will be not recovered.
To recover Ag metal and Hap adsorbent can be recovered, Hap-Ag was electrolysed in reline solvent.
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The Figure 7 shows that deposition Ag metal on the surface of Au electrode can be caried out at the
potential < - 0.03 V. The result of electrolysis of mixture Hap-Ag in reline indecated on the Figure 8a.
After electrolysis 3h, Hap-Ag powder was filted out of mixture then cleaning, drying and then CV scan
(Figure 8b).

—— (1) powder HAp was filtered after electrolysis 2 h

CA 0.3g HAp-Ag * Reline 104 —— (2) powder HAp-Ag was filtered after electrolysis 3 h

7 " a0 4
NE oo N‘E- 20
< ] < ]
tes) E (V)
Figure 8a. Electrolysis of 0.5 g Hap-Ag in reline  Figure 8b. CV of Hap and Hap-Ag power after
at—0.4V; T=60°C; electrolysis 3h. Scan rate 50 mV.S?, T = 60°C.

The result (observation) showed that Ag deposition visible on the Au plate electrode and there was only
small amount of Ag* present in the Hap powder after electrolysis (Figure 8b). It was found that Ag* was
desorbed out of Hap-Ag and Ag metal was deposited on the surface of Au plate electrode.

4, Conclusions

Hap powder is prepared by a wet chemical precipitation method from Ca(NO3)2.4H20 and NH.),HPO4
salts in water with a size less than 100 nm and used as an adsorbent to removal Ag* in aqueous solution.
The adsorption process depends on some the physicochemical parameters such as the contact time, the
initial Ag* concentration, .... Under the conditions studied, the adsorption of Ag* on Hap powder occurs
rather rapidly and reaches equilibrium after 60 min. The desorption of Ag* out of Hap-Ag and recovery of
Ag metal in reline DES media will be more advantage due to Ag metal can be recovered and Hap adsorbent
may be recovered.
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TOM TAT
Hap phu ion Ag+ diing bot hydroxyapatit
va thu hoi kim loai Ag bang phuong phap dién hoa

Lé Thi Duyén', V3 Thi Hanh*, L& Thi Phuong Thao', Dinh Thi Mai Thanh?
! Trieong Dai hoc M6 - Dja chat
2 Truong Dai hoc Khoa hoc va Céng nghé

Bot hydroxyapatit (Hap) duoc tong hop bang phuong phéap két tua hda hoc tir dung dich Ca(NQsz), 0,5M
va dung dich (NH4)2:HPO4 0,3M & pH 10 duoc diéu chinh bang dung dich NH3 28 %. Qué trinh hap phu
Ag* I1én bot Hap (tao thanh hop chat Hap-Ag) duoc tién hanh trong méi truong nude. O didu kién thich
hop, dung lwong va hiéu suit hip phu Ag* thu duoc lan luot 14 9,11 mg/g va 56,46 %. Qué trinh giai hap
phu Ag* ra khoi Hap-Ag va thu hoi kim loai Ag bang phuong phap dién hoa dwoc nghién ciru trong mdi
truong nudc (trong dung dich H2S04 va dung dich Na,S04) va trong dung méi relin c6 diém eutecti sau
(DES). Két qua nghién ciru cho thdy, Ag* c6 thé duoc giai hap phu ra khoi Hap-Ag trong dung dich H2SO4
va trong dung mdi relin t5t hon trong dung dich Na,SO4. Tuy nhién, trong dung dich H,SO4, Hap va Hap-
Ag déu tan con trong dung mdi relin khdng tan. Két qua thu dugc mé ra dinh huéng wng dung thu hoi Ag*
trong nudce thai bang bot Hap va thu hoi Ag kim loai bang phuong phap két tua hoa hoc tir dung mai relin.

Tir knoa: Adsorption of Ag*; hydroxyapatite; desorption of Ag*; electrochemical deposition.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Pong luc hoc va diéu khién tay may robot hai khau dan hdi

Dinh Cong Dat®* )
Truong Dai hoc Mo - Pja chat

TOM TAT

Bao céo nay trinh bay mot céch tiép can dé giai quyét bai toan dong luc hoc va diéu khién tay may robot
hai khau dan hoi. St dung phuong trinh Lagrange loai 2 va phuong phdp Ritz — Galerkin dé thiét lap hé
phuong trinh vi phén chuyén dong cua co hé. Tir do xay dung mot thuat toan diéu khién 6n dinh dao dong
dan hoi cua co hé dua trén chuyén dong co ban di biét. Tinh toan sé di vai tay may robot hai khau T-R ¢
khau dan héi duoc thyc hién bang phan mém Matlab dé minh hoa cho thuat giai dé xuat.

Tur khoa: “robot”; “dan hdi”; “diéu khién én dinh”.

1. Pat vén dé

Ngay nay, tay mdy robot dugc str dung pho bién trong cac linh vuc cdng nghiép, dich vy, y té, hang
khong vil try, v.v... Tay may robot truyen thdng thuong duoc thiét ké 6 do clmg cao dé bo qua bién dang
dan hoi trong cac khau, do do no co thé duge md hinh nhu hé cac vat ran tuyét d6i dé dé dang diéu khién.
Do ciing viing cla tay may robot c6 dwoc do cac nha ché tao di tang kich thudc cac khau. Piéu nay lam
tang khoi lugng, quén tinh cua cac khau, va dan téi viéc can nhiéu nang lugng dé van hanh robot. Cac nha
ché tao gan day hudng t6i viéc dua ra cac tay may robot nhe va manh hon cé chi phi vét liéu va nang luong
thap hon, nhung viéc giam khdi lugng khau kém theo viéc giam d¢ ciing ciia khau. Khi d6, cac tay may tro
nén dé bién dang hon va khé khan hon dé diéu khién chinh xac. Bai vay, d6i vai cac robot c6 cac khau dai,
manh, nhe chuyén dong véi van tc va gia tc cao, ciing nhu tai trong 1am viéc I6n, tinh chit dan hdi cua
khau 12 khong thé bo qua. Loai tay may dan hdi nay thuong duoc (ng dung trong cac linh vuc nhu thim
hiém khong gian, tu dong hoa san xuat, xay dung, mo, & d6 doi hoi tay may c6 khdi lwong nho nhung c6
khong gian lam viéc lon.

Gan day, viéc nghién ctru tay may robot dan hdi da duoc rat nhidu nha khoa hoc quan tdm. D3 c6 rat
nhiéu cong trinh nghién ctu vé dong luc hoc va diéu khién tay may co khau dan hoi. Cac cong trinh nay
duoc téng hop trong cac bai nghién ciru tong quan nhu (Ahmed, 1997; Lochan, 2016; Kumar, 2006). Mot
loat cac cong trinh md hinh hoa véi bén phuong phap chinh dugc sir dung bao gom: Phuong phap tap trung
tham s6 (Sang-Myeong, 2015), phuong phap sai phan hitu han (Valembois, 1997), phuong phép khai trién
theo cac ham riéng hay phuwong phap Ritz-Galerkin (Javier, 1994; Lochan 2016), phuong phap phan tir hitu
han (Usoro, 1986; Zhi-Cheng, 2012). Bén canh viéc mé hinh héa, bai toan dong luc hoc va diéu khién vi
tri va qui dao cua cac khau ciing duoc quan tdm nghién ciu. Rat nhiéu luat diéu khién tir tuyén tinh, phi
tuyén, thich nghi, bén viing, logic ma, mang no ron, vv... di dugc thiét 1ap va 4p dung ddi voi tay may dan
hoi (Benosman, 2002; Benosman, 2001; Dadfarnia, 2004; Seifried, 2014; Zhi-Cheng, 2012; Yang, 1997;
Yuangang, 2006).

N6i chung, d6i v6i tay may robot dan hoi, hé phuong trinh chuyén dong cia né 1a mot hé phuong trinh
vi phan dao ham riéng phuc tap. Viéc tim nghiém giai tich cho nhitng hé d6 1a khong kha thi, c&c nghién
ctru trude day thuong sir dung phuong phap sé dé xap xi nghiém (thudng dung Matlab — Simulink). Tuy
nhién nhuoc diém cua cach lam dé 1a khong xac dinh dugc diéu kién dau cho dao dong cua tay may robot
dé st dung trong tinh toén sd.

Trong bai bao nay, phuong phap Ritz-Galerkin va phuong trinh Lagrange loai 2 dugc st dung dé thiét
lap mé hinh dong luc cho tay may robot hai khau T-R phing c6 khiu dan hdi. Hé phuong trinh vi phan
chuyén dong dugc tuyén tinh hoa bang cach sir dung khai trién Taylor ciia ham véc to (Nguyen Van Khang,
2019). Thiét ké bo diéu khién 6n dinh dao dong cua hé dya vao hé phuong trinh vi phan da tuyén tinh.

2.Cosé ly thuyét va phwong phap nghién ciru
2.1. Thiét ldp phwong trinh vi phén chuyén dgpng bing phwong phdp Ritz-Galerkin

Xét md hinh tay may robot hai khau T-R nhu hinh 1. Khau tinh tién (T) co kh91 lwong my, chiéu dai l;.
Chuyén dong tinh tién doc phuong Oyo nho luc Fa. Dau B mang dia tron ¢ khoi lugng mg, Ban kinh r.
*Tac gia lién h¢

Email: dinhcongdat@humg.edu.vn
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Khau quay BE 1 1a thanh ddng chét, tiét dién khong d6i A, c6 khdi luong my, chiéu dai l,. Chuyén dong
quay quanh khép B nho md men 7.

L_].'n

Hinh 1. Tay mdy hai khau dan hoi T-R

He quy chiéu Oxoyo Ia hé quy chiéu cb dinh, h¢ Azy! va he quy chiéu gan véi khau 1. Hé quy chiéu
Dxy 1a hé quy chiéu gén véi khau 2. Chi xét bién dang uén ngang (b6 qua bién dang doc thanh).
Xét diém P tai vi tri x trén thanh, goi w z,¢ 1a chuyén vi ngang cua diém P. Ta c6 toa d6 diém P:

T,=l+ r+ux cosq, —wsing,

1
Yo =¢q, + T+ sing +wcosgq, @)

2.1.1. Béng ndng ciia co cdu

T=T+T,+T, )
Trong d6 dong ning khau tinh tién va dong nang cua dia B:
1 . 1 . 1.
T = 9 m1qjl’ T, = EmBqZ + EJquz @)
Pong nang khau dan hoi:
I,
rl
T,= [Sm; )
0
Vi o (kg/m) Ia phan bé khéi luong trén don vi chiéu dai, p=m, /1,.
Tur (1) dao ham Ién va thay vao (4) ta co:
1, ,
T= o[l i+ (4 ) + )i+ 2 4wy,
0
+2(r +x)q, 4, cosq, +2q wcosq, —2wq, §, sing, Jdx (5)

Ta c6 dong nang cia hé:

1 . 1 1 ; 1 1 . 1 ..
T = 2 (m, +m, +m, )q;l + (5 J, + 3 m,r* + 2 myrl, + i m2l22)q:2 +(5 myl, + mﬂ“)qal q, cosq,

S
+§ 1 f [? + w2qiz +2(r + x)wqu2 —|—2qalwcos q, — 2wqalqa2 sing, ldz (6)
0
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2.1.2. Thé ning

Thé nang dan hoi cua thanh truyén DE ddng chat, thiét dién khong ddi, truc thanh tring véi truc trung
hoa cé dang (Ahmed, 1997)

¥ ] dx )

L, 2
m, = lEff -
2 4\ 0z

Chon géc thé ning 1a dwdng ngang qua truc Oxo, ta ¢d thé ning c6 duoc do tac dung cua trong lyc

W, = mygq, +mygq, + [ v,-ngde
0

b

)
= (m, +m, + mB)gqa1 +m,g(r + é) sin q, +Hgcosq, fwdx (8)
0

Tir (7), (8) ta c6 thé nang cua hé:

‘927;’] dx )

ox

b L,
L. 1
I = (m, +m, +my)gq, +myg(r+-)sing, +pugcosq, [ wdz + Sl [
i 0

2.1.3. Phirong trinh vi phdn chuyén dong

Chuyén vi ubn ngang twong dbi w z,t trong hé quy chiéu dong Dxy duoc biéu dién dudi dang (Ahmed,
1997)

=

w(z,t) =) X (z)q, (1) (10)

i=1

trong d6: w x,t 1a chuyén vi udn ngang cua thanh tai vi tri x, ¢ thoi diém t.
X () 1a cac ham théa man diéu kién bién cta thanh dan hoi
q, (t) lacac toa d¢ suy rong phy thugc vao thoi gian va la dai lugng chua xac dinh.

Theo phuong phap Ritz — Galerkin trong trudng hop thanh mot dau ngam mét du tw do thi X (z) co
phuong trinh dac trung [10]:

1+cosBlcoshpl =0 (11)
Giai h¢ phuong trinh (11) ta nhan duoc cac tri riéng 31 (i=1, 2, ...). Tirdo6 ta c6 cac ham X (x) c6 dang:
I+ cosh 3l
X x =cos Bx —cosh Bz + M —sin Bx +sinh Bz (12)
! ' ! sin 31+ sinh 31 ' !
Khi do ta c()'

N b N
fwd:v = fZX (t)dx = Zin(x)dx.qel (t) = que, (13)

o i=l =1 i=1

fwdx =SS X i (e = 35 [ X o, ) — ZCq 19

o i=1 i=1 g

N N

f XX dx]a =3 "mg (15)

i=1 j=1

fw2dx = ii

i=1 j=1

wadx = ZZ

=1 j=1

=1 j=1

fXde]q' 22 4 (16)

fxwdx = fZacX q, (t)dz = i]$X7 (@)daq, (t) = él)iq'q (7)

o =1 =1 "
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2 N N b
}dmzz;z; f /X”d —ZZkuqq (18)

i=1 j=1

j»[a“"w

| 027
1, I, l I,

tong d: C, = [Xdo; D, = [aXdo;m = [XXdo ;k = [ XX/de (19)

0 0 0 0
Thay céc biéu thic tir (12) dén (18) vao biéu thirc dong ning (6) va biéu thirc thé nang va ap dung
phuong trinh Lagrange loai 2 ta dugc hé 2+N phuong trinh vi phan chuyén dong cua robot (20).

1 1
(m, +m, +m, )qal + (5 myl, + mQT)qH? cosq, — (5 myl, + mzr)q sin q, +pcosq, ZC q
i=1
N

—2,uq sing, ZCq —;Lq sing, ZCq —,uq cosq, ZCq :—(ml—f—mQ—5—7713)9—&—1”"11 (20)

i=1

1 .. ..
(5 m,l, + mzr)qa1 cosq, — pg, sin q%z:Ciqfz +(J, +mr* +myrl, + . m, 12 )i L+ i ZZqu q
s , i

i=1 j=1

+urZCq +,LLZD(] +2uq, ZZ 44 —m,g

i=1 j=1

N
cosq, + pgsing, que +7, (21)

i=1

l
r+ =
2

uZmnq +urq C Jr,qu +u0q cosq, — [, Zm :fugC’ cosq, fEIqu (22)

Jj=1 =1
2.2. Tuyén tinh héa phwong trinh chuyén dgng
Hé phuong chuyén dong (20), (21), (22) trong trudng hop chon N=1 ¢6 thé viét gon lai dudi dang:

M(q)d = p, (4,9, 7,?) (23)
tongd6:M s =[M| ., p, =[p| .at)=1lg, q, q] z=[F 7 O
Str dung khai trién Taylor [8] dé tuyén tinh héa, phuong trinh tuyén tinh hoa ldc nay tré thanh:
M, (1)y +C,()y + K, (t)y =h, () (24)
trong d6 ky hieu: q(t) = q"(t) + y(t) (25)
voi q"(t) 1a toa do suy rong khi co hé coi Ia robot rén.
1
(m, +m, +m,) (5 m,l, +m,r)cos q(Z uC,| cos qu
1 1
M, (t) = (5 m,l, +m,r)cos q:: J, +myr +myrl, + §m?l22 urC + D, (26)
uC, cosq; prC, + puD, pm,,

0 —(m,l, + ZmZT)Qf sin qf — 2,uCqu sin qf
C,(t) =10 0 0 @7)

0 0 0

0

h ()= 0 +Ar=hl(t)+ At (28)

—pgC, cos qz — pC, cos qa}z Ej(f — (urC, + pD, )'q'(i

1
0 7(5 myl, + mZT)(smq q + q”2 cosq') —pC, (smq q + qR2 cosq’)
1 . .. . .

K, () =0 (5 myly + m,r)sin q, (@, +9) —uC, sing; (G +9) (29)

0 —pC, sin q: (q: +9) Elk, — ,uqz?mn
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2.3. Piéu khién én dinh bing sé mii Floquet

Muc tiéu cta bai toan diéu khién 6n dinh dao dong cua tay may dan hdi 1a xac dinh cac tham s diéu

khién dé hé 6n dinh. Ta dua vao mé men diéu khién dudi dang:
kp 0 0 k0 0

Ar=-Ky-Kj=—0 k Oy—|0 k 0
0 0 0 0O 0 O
Hé phuong trinh (30) l0c nay tré thanh
o M@y+C 05+ K, (y =k, (1) -K )y -K,y,
chuyén vé va bién d6i ta dugc:
M, ()5 +|C, (1) + K, |y +[K, () + K, |y =h ¢

M, (t)y +C, ()7 + K, ()y =h, (t)
Voi:

2 2

M, (t)=M, (1), K, t)=K,)+K,, C, (1) =C,() +K,

(30)

(31

(32)

(33)

(34)

Bai toan 6n dinh yéu cau ta phai chon Kp va Kp sao cho nghi¢m thuan nhét yn(t) tién toi 0 nhanh, khi

d6 nghiem y(t) — y (t) nhanh.
3. Két qua va thao luan
Xét hé phuong trinh thuan nhat:
M, (0§ +C, () +K; (t)y =0

(35)

Theo Floquet ta phai chon céac tham sé diéu khién sao cho tat ca cac s mii Floquet ctia hé phuong trinh

(35) ¢6 phan thuc am, khi d6 h¢ s& 6n dinh (Nguyen Van Khang, 2012).
Ta chon tham s6 cua b6 diéu khién trong trueong hop nay Ila:

k =10k, =034k, =85k, =005
b

P 771 7742

S6 mii Floquet ctia phuong trinh (35) tinh dugc:

A =-1.9375, A, = -3.5995,\, = -4.5494, \ = -5.2179 + 0.4793i

A, =-5.2179 - 0.4793i,\, = -8.6794 + 1.5708i

Vi tit ca cac phan thuc déu am nén vai b tham sé trén hé s& 6n dinh théo tiéu chuan Floquet.

Chon thong s6 tay may hai khau T-R nhu trong bang 1. ‘
Bdng 1. Bang thdng so tay may hay khau T-R dan hoi

Thdng s6 Ki hiéu (don vi) Giatri
Chiéu dai khau 1 €, (m) 0.1
Khéi lugng khau 1 m, (kg) 1.32
Chiéu dai khau 2 (,(m) 0.3
Dién tich mat cit ngang khau 2 Am?) 2x10°
Khéi luong riéng cua khau 1 va 2 p(kg / m?) 7850
Khéi lugng vat B m, (kg) 0.1
M6 men quén tinh mat cit ngang khau 2 I(m") 1.67x101?
M6 dun dan hoi E(N /m*) 2x10%°
Quy dao khép tinh tién mong mudn Quy dao khép quay mong muon
q, =0.025 cos(mt —m / 2) q, =0.257 cos(mt —m / 2)

Tinh toan s6 v&i phin mém Matlab ta dugc nghiém dao dong trong giai doan chuyén tiép.
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Hinh 2. Nghiém dao déng ciia tay mdy robot trong giai doan chuyén tiép
Tir hinh 2 ta thay nghiém dao dong khong mong muén cua hé 1a nho va tat twong d6i nhanh. Khi d6 véi
thong sb bo diéu khién cho biét ¢ trén, chuyén dong cua tay may robot s& dao dong tuan hoan rat nho quanh
chuyén dong mong muédn cua khau da dit ra.

4. Két luan

Bai béo trinh bay bai toan dong luc va diéu khién tay méy robot hay khau T-R c¢6 khau dan hoi. Mé hinh
hoa va thiét 1ap hé phuong trinh vi phan chuyen dong cua tay may robot bang phuong phép Ritz — Galerkin
két hop vai phuong trinh Lagrange loai 2. Tuyen tinh hda h¢ phuong trinh vi phan chuyen dong bing cach
sir dung khai trién Taylor cua ham véc to. Cudi cing tac gia dé xuit mot thuat toan diéu khién 6n dinh tay
maéy robot theo tiéu chuan Floquet. Két qua tinh toan sé bang Matlab cho thay dao dong khong mong muén
ctia hé 1a nho va triét tiéu nhanh, tir &6 thay dwoc su tin ciy cia phuong phap dé xuat.

Loi cam on

Bai bao dugc thyc hién dudi sy hd tro ciia D& tai KH&CN cap co s¢ Truong Pai hoc M6 - Dia chét
2020-2021 ma sb T20-01.
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ABSTRACT
Dynamic and control of a two — link flexible manupulator

Dinh Cong Dat*"
! Hanoi University of Mining and Geology

This paper presents an approach dynamics and control of a two — link flexible manipulator. Equations of
motion was established using the Lagrange formulation and Ritz — Galerkin method. Linearize the system
of set motion equations. Finally, the author offers an algorithm for controlling the vibration stability of the
robot arm. Numerical simulations are implemented for a two — link flexible manipulator to illustrate the
proposed algorithm.

Keywords: Flexible robot manipulator; stability; control.
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E RS v ~_ HOINGHI TOAN QUOC KHOA HOC TRAI AT
Jakmsaenas o /A TAINGUYEN VI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Nghién ctu ché tao vat liéu nano LaMnOs pha tap Sr c6 do xop 1on

Tran Thi Ha!, Nguyén Viét Tuyén?, Lé Van Quan®, D5 Danh Bich®, Pham Nguyén Hai2*
! Trrong Pai hoc Mo - Pja chadt
2 Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quac gia Ha Ngi
8 Truomg Dai hoc Su pham Ha Ngi

TOM TAT

Trong bao cao nay, ching toi trinh bay cac két qua nghién ctiru ché tao vat liéu nano LaMnOs pha tap Sr
(LapgSro2MnQ3) bang phuong phap kich nd vi séng. Pay 1a phuong phap don gian, chi phi thap va tiét
kiém thoi gian. Bot nano thu dwoc ¢6 cu tric luc giac, voi kich thugc nhé. CAu trdc va thanh phan cua vat
liéu dwoc nghién ctru bang phép do nhidu xa tia X, phd tan sic nang lugng EDS. Két qua nghién ciu cho
thiy c4c hat nano LaMnOs pha tap Sr da ché tao c6 d6 x6p cao va mo ra dinh huéng tng dung lam catét
trong pin nhién liéu oxit ran.

Tir khda: Bot nano; LaMnOs pha tap Sr; do x6p.

1. D3t van dé

Pin nhién liéu 1a cac thiét bi dién hoa dé bién nang luong lién két hda hoc truc tiép thanh dién nang. Pin
nhién liéu str dung mot sb loai nhién liéu lam ngudn niang lwong gidng nhu dong co nhiét, nhung hoat dong
gidng nhu pin, ning lugng hda hoc dugc chuyén tryuc tiép thanh dién nang. Pin nhién liéu ¢ nhiéu wu diém,
dang ké nhat Ia viéc tang hiéu suit so voi may phat dién truyén thong. Pin nhién liéu rin hoat dong rat hiéu
qua do né khdng bi gisi han bai hiéu suit chu trinh Carnot gidng nhu dong co nhiét (Neelima, 2015;
Wachsman, 2011). Pin nhién liéu rin khong sinh ra khi thai doc hai NO, SOy, ¢6 mat do nang luong cao
va c6 thé sac duoc d& dang va nhanh chéng (Chen, 2010). Hién nay, cac vat liéu tiém nang cho dién cuc
catbt trong pin nhién liéu rin 1a mot sb vat liéu thudc ho perovskite, dac biét 1a vat liéu nano LaMnOs pha
tap do chung dap tmg duoc yéu cau 1am catdt cho pin nhién liéu nhu: c6 d6 xop trong khoang 30 — 40 %
va d6 dan cao (>102 S.cm™). Khi dugc pha tap véi nong do thich hop, do din cua vat liéu LaMnOs pha tap
¢6 wu thé so voi céc vat ligu lam catot khac (Wachsman, 2011). C6 nhiéu phuong phép dé ché tao perovskite
nhu phan tng pha ran, sol-gel, thay nhiét (Thuy Trang Nguyen, 2011; Nguyen Hoang Linh, 2010; N. V.
Dang, 2011). Tuy nhién cac phuong phap trén kha phirc tap va ton nhiéu thoi gian. Phuong phép kich n6
vi song rat thich hop cho viéc ché tao vat liéu perovskite LaMnOsz va LaMnOj3 pha tap boi day 1a mot
phuong phap don gian, téc d6 gia nhiét nhanh, thoi gian phan @ng ngan, tao ra cac san pham dong nhét
(Leandr, 2011; Taguchi, 1992; Clark, 1996; Thi Tran Ha, 2019). Tdc do gia nhiét cua vat liéu LaMnOs khi
dugc ché tao bang phuong phap kich nd vi séng phu thudc vao nhién liéu cung cip phan tng nhu: Glycine,
Analine (Thi Tran Ha, 2019; Nguyén Thi Diéu Thu, 2018).

Trong bai bao céo nay, vat liéu LaMnOs va LaMnO; pha tap Sr dwoc ché tao bang phwong phép kich nd
vi s6ng vai nhién liéu Glycine thich hgp cho san pham ddng nhat, c6 do bén cao, d6 xp 1én phi hop 1am
catdt cua pin nhién lidu oxit ran.

2. Thuc nghiém

Vat ligu LaMnOs va vt ligu LaMnO; pha tap Sr (LaosSro2MnOs) duoc ché tao tir cAc tién chat bao gom:
La,05(99 %), Sr(NOs)2 (99 %), Mn(NO3)2.4H,0 (99 %), HNO3 (65 %), Glycine (99). So d quy trinh ché
tao mau bang phuong phap kich nd vi song dugc trinh bay nhu trong Hinh 1.

Gel hinh thanh tir cac dung dich tién chat c6 mau hdng, sau d6 dwoc kich nd dudi sy hd trg cua vi séng
va tao ra san pham 12 mau bot xép mau nau. Bot sau khi ché tao duoc tron véi dung dich PVA va ép vién
& &p suat cao trude khi dugc u nhiét & 800 °C trong 2 h. San pham da ché tao duoc khao st bang phép do
nhiéu xa tia X (XRD), hinh thai hoc cta san phidm dugc quan sat bang kinh hién vi dién tir quét (SEM) va
thanh phan cua cac mau duoc x4c dinh bang phé tén sic nang luong tia X (EDS). Do x6p cua vat lidu dugc
xac dinh bang phuong phap Acsimet, trong d6 do xdp dwoc dinh nghia 1a phan rdng trong chat ran c6 thé

*Tac gia lién h¢
Email: phamnguyenhai@hus.edu.vn
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tich V. Néu Vs Ia phan thé tich dac thi thé tich phan rdng 1a : V, = V — Vs, d6 x6p s& dugce tinh theo cong

thirc (1).
$

” La(NO;), ‘|+|’ Mn(NO,), .4H,0
l

wfs || Sr(NO), ||
|

¥
=+ =]

Khuy va gia nhiét l,

< Kichnd o 7

Hinh 1. So do quy trinh ché tao mau

P V-V, Vp Th&tichphanrong M
V.V thétichténg

Precision Balance

Hinh 2. So dé phiong phép tinh d¢ xop cua vat liéu
3. Két qua va thao luan

Vit liéu LaMnOs dugc ché tao bang phwong phap kich né vi séng, nhién li¢u cho phan tng chdy dugc
st dupg la Glycine. Sgu phan tng ta thu» duogc bot min co mau ndu den. Cau tch cua vat liéu du’(_rc nghién
cuu bang phép do nhi€u xa tia X nhu the hién trén Hinh 3. Két qua cho thay mau thu dugc co cau truc luc
giac (phu hop véi pho chuan JCPDS s6 320484->rhombohedral) véi hang s6 mang cua vt liéu a = 5.512
A, ¢ =13.367 A. Kich thuéc tinh thé ctia mau duge uéc tinh bang cong thic Debye Scherrer:

D 0.94 @)
pcosé
trong d6: A = 0.154056 nm la budc song dugce st dung trong may do nhiéu xa (Cu Ko), B 1a d6 rong tai nira
cuc dai cua dinh nhidu xa va 0 13 vi tri dinh. Mau thu dwoc 6 kich thudc tinh thé trung binh 1a D = 18.7
nm.

500
450 _ B LaMnO,
g
400 4 =
| |
’; 350 4 g
= S
> 3004 =
L] [ ]
o 250
k]
o 2004
c
g 1501 &
o S
1004
| |
504 l
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Hinh 3. Gian do nhiéu xa tia X vdt liéu LaMnOs Hinh 4. Anh SEM cza vat liéu LaMnOs

40



Anh SEM (Hinh 4) cho tl}éy vat liéu c6 dang cac hat ¢6 kich thudc nano va c¢6 hién tugng két dam.
Thanh phan nguyén to ciia mau dugc nghién ctru boi phép do tan sac nang lugng tia X. Tir két qua phép do
EDS, cho thay thanh phan nguyén t6 trong thuc nghiém phu hop véi ty 1¢ chat ban dau.

ops

La

La L

- La

T T I
] 10 15

, , Ensrgy (ke')
Hinh 5. Pho tan sac nang luong tia X cua vat lieu LaMnOs
Ngoai ra, khong co tap cha?:lt xuét hién trong phé EDS, vi vy mau La!\/ans. ché tao tinh khiét. Nhu vay
vat liéu LaMnOs dé dugc ché tao thanh cong bang phuong phép kich n6 vi song — mét phuong phap don
gian, tiet kiém thoi gian va giam chi phi.
Bdng 1. Ti phdn cdc chdt trong vit liéu LaMnOs
Vit liéu LaMnQOs La (%) Mn (%) O (%) La: Mn: O
Thanh phin 16.57 18 65.43 1:1:3

Vé6i d6 din nho, kha ning tng dung trong pin nhién liéu oxit ran cua vat liéu LaMnOs bi gidi han. Do
do6 chung toi tiép tuc nghién ctru ché tao vét liéu LaMnO3 pha tap Sr.

Gidng nhu vat liéu LaMnOs, vat liéu LagsSro2MnOj3 ciing dugc ché tao bang phuong phap kich no vi
song voi nhién liéu Glycine. Gian dé XRD ctia vat lidu LaogSro. 2MnOs bleu thi pha perovskite cé cau triic
luc giac, gian d6 chi mot pha duy nhét ciia perovskite LaMnOs. Hang s6 mang cua vat liéu: a=5.519 A, ¢
=13.49 A, kich thudc hat tinh thé D = 22.05 nm.
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Hinh 6. Gian do nhiéu xa tia X cia vt liéu LaogSro2MnOs;
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Hinh 7. Phé tan sdic nang lwong tia X cia vat lieu LagsSro2MnO3



Thanh phan nguyén t c¢6 trong mau Lag sSro2MnOs duoc nghién ciru boi phép do tan sic nang luong tia
X (Hinh 7). Két qua cho thiy khéng c6 tap chét trong phé trong khi cé su xuat hién cua rd rang cua nguyén
td Sr. Két hop véi két qua ctia phép do nhiéu xa tia X, khong c6 thém pha la ndo khac LaMnOs, chirng to
mau ché tao tinh khiét va da hinh thanh pha LaogSro.MnOs. Mat khéc, thanh phan nguyén té trong thuc
nghiém Mn (%): Sr (%): La (%) = 11.08: 2.56: 8.52 hay La: Sr: Mn = 0.8: 0.2: 1 phu hop véi ty Ié chat pha
tap ban déu

Do x6p thuc té cua vat liéu LageSro2MnOs dugce tién hanh do bang phuong phap Archimedes cho gia tri P
=30.8%. Nhu vay vét liéu LaMnOs pha tap Sr da ché tao co do x0p 16n, phu hop dé ché tao dién cyc cho pin
nhién li¢u. Cac danh gia vé d6 dan cua vat liéu s& duoc chung t61 tién hanh trong cac nghién ciru tlep theo.

4. Két luan

Vit ligu LaMnO3 va LaosSro,MnOs da duoc ché tao thanh cong bang phuong phap kich nd vi song. Cac
vat liéu thu duoc déu tinh khiét,rcé cau tric luc giac, kich thudce tinh the trong khoang 18 — 22 nm. Vat liu
pha tap Lao.sSro.MnOs c6 do xop cao (trén 30%), dap tmg dwoc yeu cau lam dién cuc catot cua pin nhién
liéu oxit ran.

Loi cam on
Nhom tac gia xin chan thanh cam on Khoa Vat 1y, Dai hoc Khoa hoc Tu nhién da gitp chung t6i trong

mot sb phép do. Nghién ctu sinh Tran Thi Ha duoc hd trg bai chuwong trinh hoc bong dao tao tién si trong
nudc cua Quy Poi méi sang tao Vingroup (VINIF), Vién nghién cau Dit liéu 1on (VINBIGDATA).
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ABSTRACT

Fabrication of the Sr doped LaMnOs nanomaterialof high porosity

Thi Ha Tran?, Viet Tuyen Nguyen? Van Quan Le3, Danh Bich Do®, Nguyen Hai Pham?”

1 Hanoi University of Mining and Geology, Duc Thang, Tu Liem, Hanoi
2 VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi
% Hanoi National University of Education, 136 Xuan Thuy, Cau Giay, Hanoi

In this report, we present the results on fabrication of LaMnOs and Sr doped LaMnOs; (LagsSro2MnOs)
nanomaterials by microwave assisted combustion method. This method is a simple, low-cost and time —
saving. The obtained nano powder possesses hexagonal structure, with unifrom and small particles size.
The structure and composition of the material were studied by X-ray diffraction, energy dispersive
spectroscopy. The results showed that the prepared LaMnQO3 doped with Sr were of high porosity and could
be used as cathode in solid oxide fuel cells.

Keywords: Nano powder; Sr doped LaMnOs; porosity.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Tong hop va dic trung mang hydroxyapatit pha tap ddng thoi
c4c ion Cu?*, Ag* va Zn?* trén nén thép khong gi 316L
V& Thi Hanh'*, Lé Thi Duyén®, B Thi Hai', Ha Manh Hing! va Dinh Thi Mai Thanh?

L Trwong Pai hoc M6 - Pia Chdt
2 Truomg Dai hoc Khoa hoc va Cong nghé Ha Ngi, Vién Han 1am Khoa hoc va Cong nghé Viét Nam

TOM TAT

Mang hydroxyapatit pha tap dong thoi cac ion v6 co c6 tinh khang khudn gébm Cu?*, Ag* va Zn?
(CuAgZnHAp) duoc tong hop bing phuong phap trao déi ion bang cach ngam mang hydroxyapatit (Hap)
vao dung dich ¢ chira dong thoi 3 ion: Cu?* 0,02 M, Ag* 0,001 M va Zn** 0,05 M trong thoi gian 30 phdt.
Két qua phan tich phd hong ngoai va gian dd nhidu xa tia X cho thay mang CuUAgZnHAp thu dugc co cau
trdc tinh thé, don pha cia Hap. Dua vao két qua phan tich ICP-MS vé thanh phan héa hoc ciia mang ching
to ion Cu?*, Ag* va Zn®* da thay thé ion Ca?* trong cau triic cua Hap dé tao mang CuUAgZnHAp Véi ti 1¢
nguyén tir Cu/Ca, Ag/Ca va Zn/Ca lan luot 1 0,155; 0,027 va 0,143 va két qua hinh anh SEM ciing cho
thy sy c6 mat ddng thoi cac ion Cu?*, Ag* va Zn?* da lam thay ddi hinh théi hoc cua mang CuAgZnHAp
so véi mang Hap khong pha tap. Ngoai ra, mang CuAgZnHAp c6 kha ning khang khuan ddi vai 3 chang
khuan: P.Aerugimosa, E.Coli va E.Faecalis trong tng véi ving wc ché dat 5, 4 va 1 mm.

Tir khéa: Thép khong gi 316L; mang hydroxyapatite; trao trao ddi ion.

1. D3t van dé

Hydroxyapatite (Hap) la thanh phém chinh trong xuong tu nhién, c6 ti 1€ nguyén tar Ca/P = 1,67 (Sumathi,
2014). Hap tong hop c6 thanh phan tuong tw nhu trong xwong tu nhién, ¢6 kha ning twong thich sinh hoc
t6t nén duoc nghién ciru rong réi va tng dung trong linh vuc y sinh (Pao Qudc Huong, 2007; Laranjeira,
2004). Mang Hap duoc phu 1én bé mat kim loai va hop kim nhur Ti, thep khong gl 316L..., dé lam vat liéu
cay ghép xuong (Dewidar , 2007; R.Q.Reis, 2009). Khi ciy ghép, mang Hap c6 kha nang dinh hinh, tao
lién két chat che giita xwong cua vat chu va vat lieu ciy ghép, thuc dy qué trinh lién xwong (F. Bir, 2012).
Tuy nhién, vin dé nhlem trang sau phau thuat dugc quan tdm nhat sau khi cay ghép vao co thé, do dé cac
nha khoa hoc di rt quan tdm dé dwa cac tac nhan khang khuin vao vt liéu cay ghép. Tac nhan khang
khuan v6 co gdm cac ion dong, bac, kém rat duoc cac nha khoa hoc chi y vi sy 6n dinh va tinh an toan
(Sumathi, 2014), chling c6 tac dung lam giam d6 bam dinh cua vi khuan trén bé mat vat liéu va lam tc ché
su ting truong cua vi khuan (Vojislav, 2010).

Hoat dong khang khuan cua hop chat Hap pha tap dong da duoc thir nghiém, két qua cho thay bot Hap
c6 pha tap Cu c6 kha niang chng dwoc 98% vi khuan S. Aureusis va bot Hap pha tap Cu va F c6 thé chéng
dugc 100% vi khuan E.Coli (Sumathi, 2014). Ngoai ra, véi ham lugng nhé Cu con ¢é tac dung ting cudng
su trao d6i chat va kich thich té bao xwong phat trién (F. Bir, 2012).

Bac la nguyén té c6 hoat dong khang khuan phé rong chéng lai vi khuan gram duong va vi khuan gram
am, nam, dong vat nguyén sinh va virus, ké ca cac chung khang thuéc khang sinh (Michiyo, 2010). Do d6
céc nha khoa hoc di tim cach dua bac vao mang Hap nham muc dich khang khuan. CAc nghién ciru da cho
thy s c6 mat cta bac trong mang Hap c6 kha ning khang khuan t6t d6i véi vi khuan S. Typhimurium (M.
Badea, 2016), S. Pyogenes (Anchun M, 2008), E. Coli (Zhen, 2016) va S. Aureus (Michiyo, 2010; Zhen,
2016).

K&m duogc biét dén 1a nguyén té vi lwong can thiét trong co thé, sy c6 mit cia Zn trong xwong co tic
dung kich thich sy hinh thanh xwong va ¢ ché qua trinh hily xwong, thiéu Zn s& lam ting nguy co lodng
xuong, lam cho xwong don, xp va dé gdy (Béres, 1996). Mang ZnHAp tong hop trén nén TKG 304 co
chira 1,6 % Zn vé khoi lugng da cho thay kha ning tang hoat tinh sinh hoc, c6 kha ndng khang khuan va
khéng doc hai cho cac té bao (Guangfei, 2014). Ngoai ra cac nghién ctru khéc cling cho thiy mang Hap pha
tap Zn c6 kha ning tc ché sy phat trién cua vi khuan P. Gingivalis (tac nhan chinh gay bénh sau ring)
(Sa.K. Narayandass, 2006).

*Tac gia lién h¢
Email: vothihanh@humg.edu.vn
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Trong bai bao nay, nbi tiép cac nghién ctu vé mang Hap pha tap tirng ion Cu?*, Ag* va Zn?* (V6 Thi
Hanh, 2017; V& Thi Hanh, 2018; Vo Thi Hanh, 2019), chiing tdi gii thiéu két qua nghién ciu tong hop
mang Hap pha tap ddng thoi cac ion Cu?*, Ag* va Zn?* trén nén thép khong gi 316L bang phuong phap trao
ddi ion giira mang Hap véi dung dich co chira cac ion can pha tap. Mang CuAgZnHAp tao ra duoc nghién
cau thanh phan céc dic trung hoa 1y bang phuong phép IR, Xray, SEM, AAS va hoat tinh khang khuan
véi chiing khuan E.Faecalis, E.Coli va P.Aerugimosa bang phuong phap khuéch tan dia thach.

2.Cosély thuyét va phwong phap nghién ciru
2.1. Tong hgp dién héa mang Hap trén nén thép khdng gi 316L

Mau thép khéng gi 316L (TKG 316L) vai thanh phan héa hoc: 0,27% Al; 0,17% Mn; 0,56% Si; 17,98%
Cr; 9,34% Ni; 2,15% Mo; 0,045% P; 0,035% S va 69,45% Fe c6 kich thuge 1a 1x10x0,2 ¢cm, dwoc phu
epoxy dé gigi han dién tich 1am viéc 1cm2 Sau d6 miu dwoc phi mang Hap bang phuong phap quét thé
catot & khoang quét thé 0 + -1,7 V/SCE; 50°C; 5 lan quét vai téc d6 quét 5 mV/s trong dung dich chira
Ca(NO3)23%x102M + NHsH2P041,8x102 M + NaNO3 6x102 M.

2.2. Tong hep mang CuAgZnHAp

Tién hanh ngam vat ligu Hap/TKG316L trong 4 mL dung dich c6 chira dong thoi Cu?* 0,02 M, Ag*
0,001 M va Zn2+ 0,05 M trong thoi gian 30 phdt ¢ nhiét do phong. Sau do6 vat li¢u dugc lay ra, ria sach
bang nudc cat va dé kho trong khdng khi.

2.3. Pdc diém mang CuAgZnHAp

Mang CuAgZnHAp dugc xac dinh thanh phan cac nhém chiic bang phwong phap IR trén may FT-IR
6700 cua hang Nicolet vai ki thuat ép vién KBr. Thanh phan pha cia CUAgZnHAp duoc ghi trén may
SIEMENS D5005 Bruker-Germany, véi cac didu kién bic xa Ag-Ka, buse song A =1,5406 A, cuong do
dong dién bang 30 mA, dién ap 40 kV, goc quét 26 trong khoang 10° + 70°, tc do quét 0,030%gidy. Hinh
thai hoc b& mat mang CuAgZnHAp xac dinh bang phuong phap SEM trén thiét bi dién tir quét Hitachi
S4800 (Nhat Ban). Thanh phan cac nguyén té Cu, Ag, Zn va Ca trong mang CuAgZnHAp dugc xdc dinh
bang phuong phap khdi phd cam tng Plasma (ICP-MS) trén may iCAP-Qc va nguyén té P duoc xac dinh
bang phuong phap UV-VIS trén may CINTRA.

Tir gian d6 nhiéu xa tia X c6 thé tinh dugc dwong kinh trung binh cua tinh thé CuAanHAp theo cong
thire Scherer (Sa.K. Narayandass, 2006) va xac dinh dwoc gia tri khoang cach giita cac mat phang tinh thé
(d), tir 6 x4c dinh duoc gia tri hing sé mang a, b, ¢ theo cong thirc (Pham Thi Nam, 2013):

. %(h2+kh+k2) ,2
e @

3. Két qua va thio luan

3.1. Hong ngogi (IR)

Hinh 3 gisi thiéu phé hong ngoai cua
mang Hap va mang CuAgZnHAp trong
khoang budc séng tir 4000 cm™ dén 400 cm
1 Phd IR cua hai mau déu c6 hinh dang
tuong ty nhau va cé cac pic dac trung cho
dao dong cua cac nhém chuc trong phén tu
Hap.

Céc pic & s6 séng 1034; 962; 602 va 565
cm! dic trung cho nhém POs*. Trong do,
dao dong kéo dai bat ddi xtng cua P-O dic
trung bdi 2 pic tai vi tri 1034 cm™ va 962cm

Do truyén qua

1 (v3p va v3c); dao dong udn khong déi xung 1034

cua O-P-O ¢ 602 cm™ va 565 cm™ (v va : : : : : : :
vae). Pic hép phu & s6 s6ng 3430 va 1643 cr 4000 3500 3000 2500 2000 1500 1000 500
L dc trung cho dao dong héa tri va dao dong S6 s6ng (cm )

bién dang cta nhom OH-. Hinh 1. Phé IR cua mang Hap va mang CuAgZnHAp

Ngoai ra, trén phé mang Hap con c6 dai hip phu & vi tri 1384 cm dic trung cho nhém NOs, ion NO3 ¢6
mat trong dung dich tdng hop mang Hap. Tuy nhién, mang Hap sau khi ngdm 30 phdt trong dung dich c6
chira Cu?* 0,02 M, Ag* 0,001 M va Zn?* 0,05 M thi ion NOs™ khuyéch tan vao dung dich nén trong phé IR
cta mang CuAgZnHAp khéng cé pic cia nhdém NOs.
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3.2. Thanh phan mang CuAgZnHAp

Két qua phan tich thanh phan cac nguyén t Cu, Ag Zn va Ca co trong mang CuAgZnHAp dugc Xac
dinh bang phuong phap ICP-MS va thanh phan nguyén t6 P dugc xac dinh bang phuong phap UV-VIS
thé hién trong bang 1.

Bang 1. Ham heong % céc nguyén té Ca, Ag, P ¢ trong mang CuAgZnHAp

% Khai lweng nguyén to Ti 1é nguyén tir
Vit liéu (Ca+Cu+Z
Ca P Cu Ag Zn | Cu/Ca | Ag/Ca | Zn/Ca n+Ag)/P
Mang Hap 33,2 | 168 - - - - - - 1,532
Mang
CuAgZnHAD 30,20 | 17,94 | 0,75 | 2,17 7,03 0,155 0,027 0,143 1,546

Mang CuAgZnHAp c6 ham luong ion Cu?*, Ag* va Zn? lan luot chiém 0,75; 2,17 va 0,31% vé khoi
lwong va vai ti 1é nguyén tir (Ca+ Cu + Ag + Zn)/P = 1,546, xap xi ti 1 cua Ca/P trong mang Hap ban dau
(1,532). Két qua nay chimng to ion Cu?*, Ag* va Zn?* da thuc hién phan tmg trao d6i ion véi Ca?* trong cau
tric cua Hap dé tao mang CuAgZnHAp.

3.3. Nhiéu xg tia X

Gian d6 Xray cia mang CuAgZnHAp va Hap duoc thé hién trén hinh 2. Tir gian db cho thdy mang
CuAgZnHAp c6 cac pic dic trung cho pha ciia Hap ma khong thdy su c6 mit cua cac pha khac. Hai pic
nhiéu xa dic trung co ban nhit cua Hap ¢ vi tri g6c nhidu xa 20 ~ 32° twong ng v6i mit tinh thé cé chi sb
Miller (211) va & vi tri 20 ~ 26° twong (g voi mat tinh thé cé chi sb Miller (002). Ngoai ra, con ton tai mot
s6 cac vach dic trung khac v6i cuong d6 nho hon & vi tri 20 ~ 33, 46, 54° tuong g Vai cac mat (300),
(222) va (004). Bén canh d6 ciing xuat hién pic cua Fe tai 20 ~ 45° va ciia hdn hop oxit CrO.19Fe0.7NiO
tai goc 20 ~ 44° va 51° dic trung cho nén TKG316L (Pham Thi Nam, 2013). Nhu vay, mang CuAgZnHAp
t6ng hop duoc c6 dang tinh thé va don pha cua Hap.

Tir gian d6 nhiéu xa tia X tinh duoc duong kinh tinh thé CuAgZnHAp khoang 33,97 nm theo cong thirc
Scherrer (cong thic 4) va gia tri khoang céch giira cac mat phang tinh thé (d) tai mat phang (002) va (211).
So sanh mau CuAgZnHAp tong hop duoc véi Hap theo tiéu chuan NIST (V6 Thi Hanh, 2018) va mang
Hap ban dau cho thay céc gia tri d tai cac mat phing (hkl) va céc gia tri hang s mang a, b, ¢ giam (bang
2). Nguyén nhan do ban kinh ion Cu?* (0, 711&) va Zn?* (0,74 A) nhé hon bén kinh cta Ca?* (0, 99A) con
ion Ag* c6 ban kinh (1 261&) 16n hon ion Ca?*, tuy nhién ham lugng Ag* thay thé Ca2* it hon nhiéu so Vi
Cu2* va Zn?* nén khi thay thé Ca2* bang Cu?*, Ag* va Zn?* dan dén duong kinh tinh thé CuAgZnHAp giam
va céc hang sb c6 gia tri mang nho hon cua Hap.

1. HAp; 2. CrO.Fel.NH} 3. Fa 3

Cirting dé nhiéu xa

=}

i0 15 20 Z5 a0 a5 40 45 &0 &5 st} G5
28(do)
Hinh 2. Gidn do XRD cia mang Hap (a) va CuAgZnHAp (b)
Bdng 2. Gia trj khoang cach giira cac mat phang tinh thé va gia trj cac hang sé mang ciia mang
CuAgZnHAp va mang Hap so vai Hap tiéu chuan NIST [19]

Hap [NIST] Hap CuAgZnHAp
d(002) (A) 3,44 3,438 3,392
d211) (A) 2,82 2,815 2,782
a=b(A) 9,445 9,426 9,324
c(A) 6,88 6,876 6,784
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3.4. Kinh hién vi dign tir quét (SEM)

Hinh anh SEM ciia mang CuAgZnHAp va Hap duoc thé hién trén hinh 3. Két qua cho thay sw ¢ mat
cua Cu, Ag va Zn da lam thay doi hinh thai hoc cua mang Hap. Mang Hap ban dau c6 dang hinh tam, mang
CuAgZnHAp thu duoc khi ion Cu?*, Ag* va Zn?* thay thé mot phan ion Ca?* c6 hinh dang hinh phién.

4 7 3 7 < ~ 5 oo Yo > N N Aar

‘, anHA

o

Hinh 3. Hinh anh SEM cua mang Hap va mang CuAgZnHAp
3.5. Hogt tinh khang khudn

Hinh 4 thé hién két qua kiém tra kha ning khang khudn cua Hap va CuAgZnHAp véi 3 chung khuan:
P.Aerugimosa, E.Coli va E.Faecalis bang phuong phap khuéch tan dia thach.

Két qua cho thay Hap khong c6 hiéu tng véi ca 3 loai chung khuan nay. Su ¢6 mat céc ion Cu?*, Ag* va
Zn? trong mang Hap da c6 hiéu ang khang khuan d6i voi 3 ching P.Aerugimosa, E.Coli va E.Faecalis
tuong (g _\;(’ri'v'Ung irc ch.é' dat5, 4 va 1l mm.

[ 5 :

P.Aerugimosa E.Coli E.Faecalis
Hinh 4. Kha nang khang khudn cua Hap (1) va CuAgZnHAp (6)

4. Két luan

Mang CuAgZnHAp thu dugc bang phuong phap trao doi ion gitra mang Hap véi dung dich c6 chira
ddng thoi Cuz* 0,02 M, Ag* 0,001 M va Zn?* 0,05 M ¢6 cau tric tinh thé dang hinh phién, don pha véi ham
lwong ion Cu?*, Ag* va Zn?* chiém lan luot 0,75; 2,17 va 0,31% vé khéi lwong va ti 1é nguyén tir (Ca+ Cu
+ Ag + Zn)/P = 1,546, xap xi ti 1& Ca/P c6 trong xuong ty nhién va trong mang Hap. Mang CuAgZnHAp
c6 kha niang khang céc chung khuin P.Aerugimosa, E.Coli va E.Faecalis. Tir két qua nghién ctru da mo ra
trién vong wng dung mang CuAgZnHAp lam vit liéu y sinh.
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ABSTRACT

Synthesis and characterization of co-dope by Cu?*, Ag* and Zn?
hydroxyapatite coating on 316l stainless steel

Vo Thi Hanh?, Le Thi Duyen?, Do Thi Hai', Ha Manh Hung' and Dinh Thi Mai Thanh?
! Hanoi University of Mining and Geology
2 University of Science and Technology of Hanoi, Vietnam Academy of Science and Technology

Hydroxyapatite coatings co-doped by Cu?*, Ag* and Zn?* (CuAgZnHAp) were synthesized on 316L
stainless steel (316L SS) substrate by the ion exchange method between Hap coatings and the solutions
containing of Cu?* 0,02 M, Ag* 0,001 M va Zn?* 0,05 M in the immersion time of 30 minutes. The analytical
results of morphologies, structure, phase composition showed that the CuAgZnHAp obtained coatings have
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crystal structure, single-phase with coral shapes. The ions Cu?*, Ag*, Zn?* ions were replaced a part of Ca?*
in the structure of Hap to form CuAgZnHAp coating with atomic ratio Cu/Ca, Ag/Ca and Zn/Ca of 0,155;
0,027 and 0,143, respectively. In addition, CuAgZnHAp has an antibacterial activity against a strain of
P.Aerugimosa, E.Coli and E.Faecalis with the inhibitory radius of 5, 4 va 1 mm, respectively.

Keywords: 316L stainless steel; hydroxyapatite coatings; lon exchange
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M6 hinh Markov an xac dinh s6 muc tiéu trong bai toan
quan sat quy dao da muc tiéu

Nguyén Thi Hang™*
! Truong Dai hoc M6 - Dja chat

TOM TAT

Bai toan quan sat quy dao da muc tiéu (Multi-Target Tracking — MTT) ¢ rat nhiéu &g dung trong thyc
tidn, dac biét Ia trong an ninh qudc phong. Nhitng két qua nghién ciru da dugc cong bd cho dén thoi diém
hién tai chu yéu dung phuong phap udc lugng tuan tu Bayes (Bayesian Sequential Estimation — BSE) dé
cap nhat trang thai va xay dung cac thuat toan bam quy dao cua cac muc tiéu. CAc thuat toan dé déu la
nhiing thuat toan khong tam thuong vi chung dugc gan véi cac mé hinh ngiu nhién rat phirc tap. Hai van
dé quan trong nhét di v6i MTT la: x4c dinh s& muc tiéu hién c6 tai mdi thoi diém va xac dinh quy dao
chuyén dong cua ching.

Céc thuat toan bam quy dao da dwoc cong bd gap kho khan trong viée xac dinh muc tiéu trong trudng hop
muc tiéu méi xuat hién ngay tai thoi diém quan sét hién tai. Trong bai bao nay, ching t6i trinh bay mot két
qua nghién ctru dé giai quyét van dé xac dinh s6 muc tiéu trong MTT tai moi thoi diém bat ky khéc phuc
dugc kho khan néi trén vai k thuat sir dung cong cu mé hinh Markov an (Hidden Markov Model — HMM).
Hién nay trong cac két qua da dwoc cong bd c6 rét it cong trinh dé cap dén viéc sir dung cong cu HMMs
vao viéc giai bai toan MTT.

Tir khéa: Xich Markov; mé hinh Markov 4n (HMM); trang thai; gia tri trang thai; dau hiéu quan sat; tap
dau hiéu quan séat; ham vét.

1. Pit véan dé

Mo hinh quan sat da myc tiéu MTT c6 nhiéu tng dung trong thuc tién ca trong qudc ké dan sinh 1an
trong an ninh qudc phong.

Trong dén s, cic md hinh d3 va dang duoc tmg dung nhu: hé théng didu khién va giam sat khong luu,
hé thdng giam st dai dwong, hé thong diéu khién giao thong,...

Trong an ninh qubc phong, cac md hinh da va dang dwoc ing dung nhu: Hé théng giam sat khong phan
(hé radar ASDE-X), h¢ radar mang pha Cobra Dane giam sat tm xa céc tén lta dan dao xuyén lyc dia, hé
thdng radar trén bién X-band (SBX) cua hai quan My, hé théng radar mang pha canh bao sém UEWR
(Upgraded Early Warning Radar) ndm trong hé thng phong thu tén lira qudc gia cia My, hé thong radar
THAAD, hé thong video giam sat hoat dong ctia con ngudi trong mot ving bao vé,...

Cong cu vat 1y dugce sir dung trong cac hé thdng quan sat c6 thé 1a video, radar hay cac cam bién (sensor)
nao d6. Cong cu toan hoc (phan hon ciia hé thong) dé xir 1y 1a cac két qua, cac thut toan nghién ciru dé
giai bai toan MTT. Céc thuat toan chinh dugc cong bd cho t&i thoi diém hién tai da va dang duogc st dung
nhu: Thuat toan 1an can gan nhit toan cuc GNN (Global Nearest Neighbors) (Bar-Shalomand, 1995; Bar-
Shalom, 2011); Thuat toan két hop dir liéu xac suat dong thoi JPDA (Joint Probablistic Data Association)
(Blackmanand, 1999; Blackman, 2004; Blairand, 1999); Thuit toan két hop dir liéu da gia thiét MHT
(Multiple Hypothesis Tracking) (Changand, 1984; Durmant, 200; Mallick, 2012; Reid, 1979); Thuét toan
két hop dit lidu xac sudt dong thoi gin nhat NNJPDA (Nearest Neighbors Joint Probablistic Data
Association) (Sarkka, 2013; Varghese, 2016). Cac thuat toan nay déu dua trén nén tang BSE (Bayesian
Sequential Estimation) dé cap nhat trang thai va bam quy dao cua muc tiéu song gap tro ngai khong nho
trong viéc xac dinh muc tiéu trong trudng hop muc tiéu maéi xudt hién ngay tai thoi diém quan sat hién tai.
Tham chi ngay ca phuong phap lién két dir liéu thong qua hé théng anh xa xay dung dé quy ciia chung toi
cong b gan day nhét nam 2019 (Hang, 2019) cung gap phai kho khan do.

Trong bai béo nay, chiing t6i trinh bay mot két qua nghién ctru: Sir dung HMM dé xéac dinh muc tiéu trong
bai toan MTT; phuong phap nay cho phép khéc phuc dugc khé khan ma cac phuong phap trude day gap phai
nhu da néu ¢ trén. Chung t6i cling luu ¥ rang, phuong phap st duyng HMM dé nghién ctiru MTT lan dau tién
duogc cong bd trong bai bao nay.

*Tac gia lién h¢
Email: nguyenthihang@humg.edu.vn
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Céu trdc ctia bai bdo gom 5 phan: Muc 1 m dau; Muc 2 xay dung md hinh toan hoc cua bai toan MTT;
Muc 3 xay dung HMM theo muc tiéu nghién ctu cua bai bao doi véi bai toan MTT; Muc 4 tng dung ly
thuyet HMM (Cappe, 2005; Ghahramani, 2001) d€ xay dung cac thuat toan xac dinh muc tiéu trong bai
todn MTT va muc 5 1a két luan cung d6i 161 binh luan.

2. Bai toan quan sat da muc tiéu — M6 hinh to&n hec

Gia sir ta can quan tim dén mot s6 d6i tugng (hay con goi 1a muyc tleu) di dong nao do trong mot mién
khong gian va trong mot khoang thoi gian nao d6. Ky hiéu R 1a mién khong gian ma ta can quan tdm, &

day R c R™, voi R™ 13 khong gian trang thai ctia muc tiéu, n, la s6 chiéu cua véc to trang thai ciia muc
tiéu. R duogc goi 1a mién quan sat.

Ky higu [L,T), T>1, T € R", [1,T]1a khoang thoi gian ma ta can quan tam, dugc goi la khoang thoi
gian cua qua trinh quan sat. Do cac thoi diém quansat: ¢, t,,., 1t ; 1= i<t <..<t = T,laroirac,
nén khong mét tinh tong quat, khi ndi dén thoi diém thtr i (¢,), ching ta cé thé quy uéc: T € Z*, t, € Z"
va dong nhét t.=1,1=12..T;trongdo, t =1 1a 1an quan sat dau tién va t =T=nla lan quan
st cudi cung cta qué trinh quan sat.

S muc tiéu co trong mién R tai thoidiém ¢, t € [1, T] ,1a mot sb ngau nhién chua biét va dugc ky hig¢u
la M, = M (w). Gia thiét ring, muc tiéu tha % (k € Z"), xuét hién & vi tri ngau nhién c6 phan phdi déu
trong R tai thoi diém tf , tl,k € [1, T] va chuyén dong mot cach doce lap ddi v6i cac muc tiéu khac trong R
dén thoi diém t;', t;' € [1, T] thi bién mét. Ciing gia thiét rang, mdi muc tiéu ton tai v6i xac suat D,
0 < p, <1 vabién mit (khong ton tai) véi xéc sudt 1—p . Gia thiét M, = M (w) 1a bién nglu nhién co

phan phéi Poisson véi tham s6 A, A, > 0. Cac muc tiéu xudt hién, ton tai va bién mat mot cach doc lap
v6i nhau.

Trong thoi gian quan sat, trong mién quan sat ¢6 theé ¢ cac myc ti€u gia do céc clutter hodc do céc thiet
bi k¥ thuat va phuong phap quan trac gay ra. Cling twong ty nhu gia thiet dat ra véi cac muc ti€u, moi muc

tiéu gia xuat hién (ton tai) véi xac suat Dy 0< p, < 1, va bién mat (khong ton tai) v6i xac suat 1 — D, Sb
muc tiéu gia c6 trong mién quan sat R tai thoi diém ¢, t € [1, T] , 1a mot s6 ngau nhién chua biét va duoc

ky hiéula G, = G,(w), 1a bién ngdu nhién c6 phan phdi Poisson véi tham sé A , A > 0. Céc muc tidu gia
t g 9

xuat hién, tOn tai va bién mat mdt cach doc 1ap vdi nhau va doc 1ap voi cac myc ti€u. Cling nhu cac muyc
tiéu, cac myc tiéu gia xuat hién & vi tri ngau nhién cé phan phoi déu trong R .

Ky higu X', t € [1, T], k=12,... 1a trang thai ctia muc tiéu thr % tai thoi diém ¢, X' € R™. M6
hinh chuyén trang thai cia muyc tiéu % dugc mé ta boi hé dong luc tdng quat trong khong gian trang thai
R"™ nhu sau:

k k k
X = X +VE @

41
véi F, : R™ — R™ la4nh xa do dugc tir R™ vao R™; V* € R™ lanhiéu trang voi ma tran hiép phuong
sai la Q" cac Vtk (k=12,...) 1a khong twong quan.

M6 hinh quan sat dugc mo ta boi:

Y=GX +W, @
voi G:R* — R"™, n, la s6 chiéu cua véc to quan sat, ¢ 1a anh xa do duge tir R™ vao R™ W, € R™
14 nhidu tring voi ma trdn higp phuong sai 14 R va W, khong twong quan véi céc Vtk, k=12,.... N6i
riéng d6i voi myc tiéu %, md hinh quan sat (2) tr thanh:

f=G X AW, 2)
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Trong md hinh (1) — (2) (hoac (1) — (2°)) 6 trén, Vtk , k=1,2,... duoc goi la nhidu hé thong; W, duge
goi 1a nhicu (sai s0) quan sat.

Ky hidu: Y(t) = Y/I J=12,..,n, latap cac gia tri quan sat duoc tai thoi diém ¢, t = totyest s,
1a s6 luong cac két qua quan sat dugc tai thoi diém .

Chinh x4c vé mt toan hoc: n, = Card(Y(t)) 1a mot bién ngdu nhién va n, = n (w) = M,(w) + G, (w)
Vi M, (w) va G,(w) doc lap, M,(w) = P(\ ), G,(w) = PQA) ,nén n, =n(w) =P +A).

k

roa
Ching ta ¢o: lim P[nt = k] =i e A
—+0C

k—+o0 k |

' =0

Béi véy, trong thuc té, ngudi ta gia thiét: M,(w) <M (mod P); n (w) < N (mod P)

&day, M, N 1a cic hing s6 (di 16n tity theo d6 chinh x4c yéu cau).

Tai thoi diém quan sat ¢, ¢ = t,t,,..., , chlng ta cé tap gia tri quan sat Y'(¢) . Cac gia tri quan sat nay
c6 thé 1a gié tri quan sat thu duoc tir mot muc tiéu nao d6 hodc ¢6 thé la gia tri quan sat do myc tiéu gia gay
ra. Yéu cau cua bai toan MTT la: hdy xac dinh s6 muc tiéu hién cd tai thoi diém ¢ trong R va xac dinh
quy dao chuyén dong cua cadc muc tiéu do6 trong R cho dén thoi diém hién tai .

3. Xay dung HMM dbi véi bai toan MTT

Vi bai toan MTT duoc trinh bay trong muc 2, voi muc dich xac dinh sb6 muc tiu trén co sé cac tap dir
liéu quan sat v&i lugng thong tin khong day du nhu dé néu, chung ta can xay dung HMM phu hop dé thuc
hién muc dich. Céac thanh phan cia HMM chung ta xay dung nhu sau:

a. Trang thai cia xich Markov 4n dwoc ky hiéu la q,. Khong gian gia tri cua trang théi la tap
8 ={8,,8,,--.,S .}, trong do, S la trang thai c6 ding j muc tiéu, 0 < j < M .

b. Chiing ta ky hiéu tip cac dau hiéu quan sat1a V = {v,,0,,--+, ’l}M} , trong d6, v, lacé & gid tri quan
sat thu duoc, 0 <k < N™.

c. Phan phéi chuyén trang thai:

Ma tran chuyén ky hiéu 1a A = [a,], trong do:

i

A
_ — m A JH=i ! :
_Si]_Dl- § : T 'anf#zlz'q(l_p”‘)p
I=max{0;(i—j)} [

a. :P[q

2

L =51,

¢day, D la hang s6 chuan héa dugc tinh theo cong thirc:

-1
i

M i by \ -
_ m N vt ol |l
Dl - Z : Z | € CM‘ Hl—i Cz (1 pm) pm

j=0 l=max{0;(i—j)} (3

van theo truyén thong, ching ta ding C : 14 t6 hop chap £ cua n .
Néu dan giai bang 10i: a1 xdc sudt tai thoi diém ¢+1 c6 j muc tiéu v6i diéu kién tai thoi diém ¢
¢6 ¢ muc tiéu. Viéc tinh toan cong thirc ctua a, 1a cd mot qua trinh khong don gian, do khuén khé cta bai

béo nén & ddy, ching t6i chi néu két qua. Doi khi dé tién loi, ching ta con ding ky hiéu a., thay cho a,
t 1 K

1ot

trong cong thure trén.
d. Phan b xac suét diy ddu hiéu quan sat tai trang thai S B= {bj (Uk)],O <k<N ,0<j<M,

trongdé: b,(u) = P[0, =v,|q =8|, 0<j<M,0<k<N,
0 khi k< j

= A A
D=

=N +’\v

e khi &> j
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oday, D, la hang s6 chuan hoa dugc tinh theo cong thirc: D, = Z

e. Phan phéi ban dau: I = {75}' 0<i<M ,trong d6: o= P[q =9 ] =D -—2 .M

1 i

M\
0 A R A A r ’ A ;o m —A
¢ day D, 1a hang so chuéan héa dugc tinh theo cong thirc: D, = g — e

i=0 U

Véi viée xac dinh cac tham s6 M™, N°, khong gian gia tri trang thai S, tdp gid tri quan sat v, Xy
dung ba d¢ do xac sudt A, B va 11, chung ta da ¢c6 mot moé hinh Markov an mong mudn.
Dé thuan tién va cling la theo truyén thong, ta ky hiéu HMM d6 1a \ = {A, B, II}. Thém nira, theo truyén

thong, chiing ta ky hiéu day quan sat ¢6 do dai ¢ 1a O = 0,0,...0,, véicéc O, 1a cac quan sat tai thoi diém
thir s (goila ¢ ), O, nhan gia tri trong V, s =1,2,...,¢ va ddy trang thai c6 d¢ dai ¢ la Q@ = ¢,q,--.q,,
trong do, ¢, la trang thai ban dau, cac ¢, nhan gié tri trong S, s =1,2,...,1
4. Thuit toan xac dinh s muc tiéu trong MTT
4.1. Mt s6 két qua bo tro
Cho A\ = {4, B,I1} 1a HMM duoc xay dung trong muyc 3.
Gid sir: O = 0,0,...0, la mjt ddy quan sat ndo d6 cho dén thoi diém ¢.
@ = ¢,,--.q, 1a mdt day trang thai ndo d6 cho dén thoi diém .
B6 dé 4.1. Xdc sudt ciia 0 doi véi diéu kién \ da cho dwoc tinh theo cong thirc:
¢
POl X = %wa 0,(0)-a,, b (0) .oa, 0(0) = ;11 a, b (0)

trong dang thirc cuoi ta dung ky hiéu quy woéc a =T .

Chizng minh Do céc quan sat la doc 1ap nén ta c6: P(O | @, \) HP O lq,\ = Hb

Pdng thoi, ta co: P(Q|)\):7rq Q. ta e
T do, taco: P(O,Q[N)=PO|QN)-P@Q|N)=m b (0)-a b (0,) .. a b (0).Dods,
PO =32 PO.Q1) =3 P01 P@1Y
Ve
= qu 'btzl (Ol)'a'lzlq.2 'bq.z(O?).""aq, 19 ' qt ZH 4, 1, q s
vQ VQ s=1

Cong thirc tinh P(O | \) 1a rat phirc tap va luong tinh toan c6 bac 1a 2tM™ cac phép toan. Bé gitp cho
tinh toan dugc hi¢u qua va giam bac tinh todn, ching ta dua ra thuét toan sau day (trong HMM dugc goi la
thudt toan tién).

Ky higu: o (i) = P(0,0,..0_;q. =S, | \) nghia 14, a_(i) 1a xéc suit ciia mdt phan du ctia ddy quan st
cho dén thoi diém 7 va tai thoi diém do, (thoi diém 7), trang thdi ¢ = S, , véi diéu kién \ = {4, B,1I}
nhu da cho trong muc 3. Bién o (i) duoc goi la bién tién.

B6 dé 4.2. Xdc suat P(O| ) dugc tinh theo quy nap ciia bién tién a (1) theo thi tuc quy nap sau:

1) Budc khei dau: o (i) =m.b.(0), 0<i < M";
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M

2) Quynap: o (/) =|> ())-a,p (0, ); 1<7<t-10<j<M;
i=1

M

3)Kétthic: P(O[N) =) o (i) Vi a =

= 9o .

Chung ta bo qua chirmg minh bd dé nay do khuon khd cua bai bao.
4.2. Thudt todn xdc dinh sé muc tiéu déi véi MTT

Qéi v6i bai toan MTT duoc phat biéu trong muc 2., viée xac dinh s6 muc tiéu chinh la vi¢e tim trang
thai an trong HMM duogc xay dung trong muc 3. Tuong ung véi nd. Coé mot s6 van dé chung ta can chinh
Xac hoa:

1. Xac dinh ) muc tiéu gai mot thoi diém quan sat yiéng 1¢ hay xac dinh muyc tiéu tai tirng thoi diém
quan sat trong ca day thoi dieém quan sat cho dén thoi diém hién tai?

2. Tiéu chuan “t6i uu”’ hay tiéu chuén ©tbt, x4u’’ dé lya chon 10i giai 1a tiéu chuén nhu thé nao? Dua
trén nguyén tac nao?

Trong bai bao nay, chung ta s€ trinh bay 101 giai cho ca hai truong hop: Xac dinh s muc tiéu tai mot
thoi di€ém quan sat cu the riéng 1€ va xac dinh s0 muc tiéu tai ting thoi diém quan sat cho ca day thoi diém
quan sat cho dén thoi diém hién tai.

Ti€u chuan “’toi wu’’ d€ chon 101 giai 1a ti€u chuén lam cuc dai x4c suat. Chinh xac hon: Gia st c6 mot
day quan sat O = 0,0, ...0,, 6 hai bai toan dugc dat ra:

- Bai toan 1. Hay xdc dinh s6 muc tiéu c6 tai thoi diém ¢ theo nghia xdc sudt Cuec dai. Bai todn ndy tiong
duong véi: Hay tim trang thai dn g, sao cho P(q, | O,\) 1a cuc dai.

- Bai toan 2. Hay xdc dinh s6 muc tiéu tgi tung thoi diém quan sat trong cd day thoi diém quan sat cho dén
thoi diém hién tai t theo nghia xdc suat cuc dai. Bai toan nay twong dwong voi: Hay tim day trgng thai dn
Q = q,4,--.q, sao cho P(Q | O, ) la cuc dai.

- Thudt todn gidi bai todan 1

Ky hieu ~,(i) = Plg, = S, | O, )]

o, (i) o, (1)

PO[N) &
(e}

Ta c6 thé biéu dién ~, () thong qua cc bién tién nhu sau: v, (i) =

i
?‘t# , tir d6 tinh duoc 7, (7).

. ,(0)

i=1

Ap dung Bo dé 4.2. dé tinh cac o, (i) va

Cudi cling, ta thu duogc 10i gidi: ¢, = argmax (1) ; (1<t <7)

0<i<M’
- Thudt todn gidi bai toan 2
Chiing ta nhan thdy P(Q| O, )\) cuc dai tuong duong véi P(Q,0 | \) cuc dai.

Kyhiéu:§ (i) = max \Plqgq,...q q =S5,00,..0 | |y v6i 6 (i) theo cach dit trén, chiing ta co
T . 112 7137 i 172 T T

44y,
cong thirc quy nap sau: 8 (j) = [max{éT (7)- %}] 0.(0,.))

Vé mat thuc hanh, chung ta can luu trix day ddi s6 ma n6 dat cuc dai cong thirc vira néu trén ddi v6i mdi
7 va j.Chung ta thuc hién diéu d6 thong qua ddy ham ¢ (j) va cing duoc thuc hién dé quy voi 6 (i)
theo thu tuc sau:

1) Bude ban dau (xudt phat): 6,(1) == -b(0,),¢,(i) =0, 0<i<M

2) bé quy tién:
6.() =[max{s_()-a,}]-4(0); 27 <to<j<m

1<i<M’ ST
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@ (J )—argmax{(S (7 '%}; 2<T<t0<j<M

0<z<]l[

M) Két thac khi + = ¢.
Khi d6, ta ¢6: 6,() va q, = argmax{6 }

0<i<M’

Xac suét cuc dai trong tng P~ = max {6 })
0<z<1U

Diy trang thai t6i wu can tim la: qT =9 ., qiﬂ , T=t—1t—2..,1, va nhu vay, ta tim duogc:
Q =4¢q-4,
Ch( y: Khi trinh bay thuat toan trén, chung t6i khong ding lai chimg minh chi tiét vi hai 1&: mot 1a

khuon kho ciia bai bao han ché va hai 1a thuat toan trinh bay d6 chinh 1a ing dung thuét toan Viterbi (Viterbi
algorithm) trong ly thuyét HMM ép dung trong mo hinh cta ching ta.
5. Két luan

Bai bao dd c6 mot sé dong gbp méi sau day:

- Xay dung dwoc HMM theo muc dich xdc dinh muc tiéu tgi moi thoi diém doi véi bai toan MTT.

- Xay dung dwoc thugt toan gidi bai todn xdc dinh myc tiéu tai mdi thoi diém ciing nhir tai ddy cac thoi
diém quan sdt doi véi bai todn MTT.

Céc két qua cua bai bdo con mot sb han ché va ciing 1a bai toan mé ddi vai sy tiép tuc nghién ciru bai
toan MTT la: Chwa danh “’d4u’’ cac s6 liéu quan sat twong &ng v6i muc tiéu, bai vay, viéc lién két dir lisu
dé xac dinh quy dao ciia cac muc tiéu chua duoc thyc hién. Piéu d6 ciing mo ra mot huéng méi ddi voi
viéc lién két dir ligu dé xac dinh quy dao la xay dung mot HMM véi tap gié tri trang thai s gém céc “’b6”’
duong ndi 6 thé ¢ giita cac muc tiéu ¢ thoi diém ¢ véi cac muc tiéu ¢ thoi diém ¢t +1 va giai bai toan
xac dinh quy dao bang cong cu HMM. Huéng tiép can do6 ching t6i da c6 mot sb két qua ban dau va s&
dugc cdng bd trong thoi gian sau néu cong viéc nghién ciru dugc hoan tat.
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ABSTRACT

Hidden Markov Model to determine objective
in Multi-Target Tracking

Nguyen Thi Hang"
1 Hanoi University of Mining and Geology

Multi-Target Tracking (MTT) has many practical applications, especially in national defense and security.
The research results published so far mainly use Bayesian Sequential Estimation (BSE) to update the status
and build algorithms to follow the orbits of targets. Those algorithms are all non-trivial algorithms because
they are associated with very complex random models. The two most important issues for MTT are:
determining the number of targets available at each time and determining their movement trajectories.
The published trajectory algorithms have difficulty identifying targets in case the new target appears at the
time of the current observation. In this paper, we present a research result to solve the problem of
determining the number of targets in MTT at any time, which can be overcome difficulties as mentioned
earlier with techniques using hidden Markov Modeling Tool (Hidden Markov Model — HMM). Currently,
in the published results, there are very few works mentioning the use of HMMs tool in solving MTT
problem.

Keywords: Markov chains; Hidden Markov model (HMM); Status; Status values; Observation signs;
Observation sign sets; Trace functions.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
FARTHSCIENCES AND A TAI NGUYEN VO'I| PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh huéng ctia d6 linh dong cua dién tir 1n trang thai dién moi
exciton trong vat liéu ban kim loali

D4 Thi Hong Hai', Nguyén Thi Hau'*
! Truong Dai hoc M6 - Dja chat

TOM TAT

Trong bai bao nay, ching t6i khao sat anh huéng ctia @6 linh dong dién tu 1én trang thai dién moi exciton
trong vt li¢u ban kim loai théng qua mo hinh hai dai nang lugng c6 xét dén tuong tac dién tir - phonon.
Ap dung gan dung Hartree-Fock dé tinh toan giai tich, ching t6i thu dwoc cac phuong trinh ty hop cho
tham so trat tu ddc trung cho trang thai di¢n moi exciton. Gidi h¢ phuong trinh trinh tu hop bang phuong
phép tinh sb, két qua khang dinh vai trd caa mic d6 linh dong cua dién tir f trong viéc hinh thanh trang thai
dién moi exciton trong hé & nhiét d¢ du thap khi hing sé tuong tac dién tir - phonon du lén.

Tir kh6a: Gan dung Hartree-Fock; vat liéu ban kim loai; mé hinh hai dai ning lugng c6 twong tac dién tir -
phonon; dién méi exciton.

1. Pit véan dé

Exciton 1a trang thai két cap cua dién tur - 13 trdng, vi vay c6 spin nguyén va khéi luong hiéu dung rat
nho c& 1/10 khéi lwong cua dién tir tu do. O nhiét do du thip, céc gia hat boson nay s& ngung tu trong mot
trang thai lugng tir, va ciu hinh cua ban kim loai hodc ban dan duoc chuyén sang trang thai dién méi trong
tng. Trang thai nay dugc goi la trang thai dién méi exciton (Excitonic Insulator — EI), dugc dé xuat vé mat
ly thuyét tir 60 nam trude (Mott, 1961). Cac dir liéu thuc nghiém gan day thu duoc trén mot sé vat liu da
khing dinh céc du doan 1y thuyét vé trang thai EI. Chang han nhu, tir két qua quan sat sy phu thudc nhiét
d6 cua quang phd dién tir (ARPES) trén hop chat kim loai chuyén tiép 1T-TiSe, nguoi ta da khing dinh sy
ton tai cua trang thai E1 (Cercellier va nnk, 2007; Monney va nkk, 2010). Hay dau hiéu quang ph phat xa
tia X va ARPES trén vat liéu gia mot chiéu Ta;NiSes cho thiy trang thai co ban ciia hé ¢ thé duoc xem
nhu 14 trang théi El giira 16 tréng Ni 3d- Se 4p va dién tir Ta 5d (Wakisaka va nnk, 2009). Ciing véi vat ligu
nay, két qua nghién ciru thyc nghiém do din quang da khang dinh sy ton tai cua trang théi EI (Lu va nnk,
2017). Chinh vi vay, viéc khao sat ban chét trang thai EI dang duoc quan tm nghién ciru trén ca linh vic
ly thuyét (Debnath va nnk, 2017; Domon va nnk, 2018; Hamada va nnk, 2017; Katsch va nnk, 2020; Wang
va nnk, 2018) va thuc nghiém (Forg va nnk, 2019; Kogar va nnk, 2017; Seki va nnk, 2014).

Céc md hinh Ii thuyét thuong duoc sir dung dé khao sat trang théi El c¢6 thé ké dén nhu mé hinh khéi
lugng hiéu dung Mott-Wannier (Bronold va Fehske, 2006; Monney va nnk, 2010) hay md hinh Falicov-
Kimball mé rong (lhle va nnk, 2008; Phan va nkk, 2011; Zenker va nnk, 2010). Trong cd&c md hinh nay,
viéc khao sét trang thai EI hoan toan theo co ché dién tir, tuc la chi quan tam dén tuong tac Coulomb giira
dién tir véi 16 tréng va da bo qua twong tac di€n tir v6i phonon. Trong khi do, cac hé dién tu thép chiéu lai
dé bi blen dang céu tric do twong tac dién tr voi phonon. Diéu d6 dugc thé hién rd trong cac két qua nghién
ctiu gan day vé trang thai EI trén mot s vat liéu ban kim loai, nhu TazNiSes, 1T-TiSe,, ...( Di Salvo va
nnk, 1976; Kaneko va nnk, 2013; Monney va nnk, 2010; Nakano va nnk, 2018). Nhu vy, anh hudng cua
cua phonon trong viéc hinh thanh trang thai EI trong cac vat liéu trén la rét quan trong. Do do6, dé khao sat
trang théi EI trong vat liéu ban kim loai, ching t6i quan tam téi mo hinh dién tir hai chiéu hai dai ning
lwong c6 xét dén twong tac dién tir - phonon.

Trong bai bao nay, ching tdi khao sat anh hudng cua mace do linh dong cta dién t 1€n sy hinh thanh
trang thai El trong mo hinh hai chiéu hai dai nang lwong c6 xét dén tuong tac dién tir - phonon. Trong phan
2 cua bai bao, chling t6i trinh bay md hinh hai dai nang luong c6 xét dén twong tac dién tur - phonon, va ap
dung gan dung Hartree-Fock, la mot trong s6 nhitng phuong phéap gén dung tiéu biéu cua Ii thuyét truong
trung binh, dé rat ra hé phucmg trinh ty hop cho tham sé trat ty cua trang thai dién mdi exciton. Phan 3
trinh bay céc két qua tinh s va thao luan. Céc két luan cua bai bao dugc trinh bay trong phan 4..

* Tac gid lién h¢
Email: nguyenthihau@humg.edu.vn
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2. Co s ly thuyét va phwong phép nghién ciru

Trong khong gian xung lugng, Hamiltonian cia m6 hinh hai dai nang lugong c6 xét dén tuong tac dién
tu - phonon dugc viét dudi dang sau:
H=H,+H, +H, (D)

trong d6: He mo ta thanh phan khong tuong tac ctia h¢ dién tir ¢ trén dai dan va dién tu f trén dai héa tri, co
dang:

H, = Z(glsclick +8kf f ) 2
K

vai: ¢ (c,) va f,(f,) tuong ing la cac toan tw sinh (hiy) cua cac dién tir ¢ va dién tr f mang xung lugng
k. Ghép cap dién tir ¢ — f twong dwong v6i mot trang théi exciton cua dién tir trén dai dan va 16 tréng trén
dai héa tri. Trong gan dang lién két chat, cac nang lugng kich thich dién tir ¢ va f dugc cho boi:

gli,f :gc,f _tc,f?/k —u (3)

vGi: ¢%' 1a nang lugng trén mot nit cha dién tir ¢ va dién tie f, t=" 12 tich phan nhay nt twong ng cua
dién tir ¢ va dién tir f, thé hién do linh dong cia cac dién tur ¢, f; 7, = 2(cosk, +cos k) 1a bugc nhay trong
mang tinh thé hai chiéu va x 1a thé héa hoc.
Hpn MO ta hé phonon khong tuong tac véi nang lugng khong tan sic v
H,, =, blb, @)
q

trong do: b; (b,) lacac toan tu sinh (hiy) phonon ¢6 xung lugng g.
S6 hang cubi cting trong phuong trinh (1) mé ta twong tac cua hé dién tir va phonon:

He o = —= D[ G fi (01, +b,) + /¢ o (0] +b.y) ] ®)

WG

V6i: g 1a hing sb twong tac dién tir - phonon va N 1 s6 ndt mang tinh thé.

O day, chang t6i gia thiét tai nhiét do du thap, cac cap lién két véi xung lugng hitu han Q = (z, 7) c6 thé
ngung tu. Diéu nay dugc thé hién boi gié tri khac khong cﬁa<CLQ f. > . Pai lugng nay duoc goi la tham sb
trat ty trang thai EI, boi n6 bicu thi sy lai hoa gitra cac dién tir ¢ va dién tur f. 7 ‘

Tiép theo, ching toi &p dung li thuyét truong trung binh dé giai Hamiltonian (1). D€ lam dugc diéu do,
chdng t6i gigi thiéu toan tr thang giang 0A = A—<A> va Viét lai toan tir tuong tac dién tir - phonon duéi
dang nhu sau:

¢ . f . +b)=0s(c, f)om +b)-(c  f )b +b )5
k+q "k \*—q q k+q "k -q el k+q "k —q a/%a.Q

. (6)
[ el i (b by )+ (el fi) (0 +,) |6,
Thay (6) vao (1), ddng thoi thém vao cac truong A va h dic trung cho su pha v& ddi xing tu phét:
g
A:W@IQ +bg) @)
h= %Z(CLQ f + fkfckw) 8)
k

Gia thiét su thing gidng 1 nho, chung t6i thu dugc Hamiltonian Hartree-Fock H,. gom phan dién tir
va phan phonon nhu sau:
Hye = D (el + &) £ 1)+ A (Clo f + £/ Ceo )+ @ 2 bib, +Nh(blg +b.y ) ©)
k k q

Phan dién tir dugc chéo hoa bang phép bién doi Bogoliubov véi viéc dinh nghia cac toan tir gia hat
fermion nhu sau:

C;k = gkCLQ +1 flj (10)
Co =& fi _nkClL-Q (11)
Vai cac hé sb & va i, duoc chon sao cho thoa man: é,f +17§ =1
Phan phonon ciing dugc chéo hda nhd dinh nghia toan tir phonon mai:

h
B! =b/ +N ;Dcsq,Q 12)
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Hamiltonian trong phuong trinh (9) sau khi dugc chéo hda hoan toan cé dang:

Hya = > (ESCLCoy + ELCLCy )+ @, > BIB, (13)
trong d6, cac nang lugng gia hat dién tll(."r dugc cho boi: q

2 = 2] (4 + .q) TSONE! . W, (14)
Véi:

W, = \/(gkf o) +H4IA] (15)

Dang chéo hoa ciia Hamiltonian trong phwong trinh (13) cho phép chiing ta xac dinh duoc tham sé trat
tu trang thai ngung tu exciton:

f c
a SON{ &k — ko
d =(cho ) =—A[nF(Ek>—nF<EE>]¥ (16)
k
véi n () = (e’ —1)’1 la ham phan b4 Fermi-Dirac, trong &6 8 =1/T la nghich dao cua nhiét do.
Tir déy ta c6 thé x4c dinh duoc:

1 .
d =ﬁ2(dk +dy ) (17)

k

Dai lugng ndy ¢6 chira s6 hang lai hoa nén ciing duoc goi la tham so trat ty trang thai EI. Tham s6 trat
tu khac khodng thé hién hé ton tai trong trang thai EI.
3. Két qua va thao luan

Trong phan nay, chlng toi trinh bay két qua tinh s6 dé thao luan anh huéng cua d¢ linh dong cua dién
tu f 1€n trang théi EI trong md hinh hai dai nang lugng c6 xét dén tuong tac dién tur - phonon. Tir mot s6
gia tri cho trudc cia (b)) va d, , ching t6i giai cac phuong trinh tu hop (7) va (14) — (17). Khi tham s6
trat tu d khac khdng, hé ton tai ¢ trang thai EI va nguoc lai, khi tham s trat tu bang khdng, hé ton tai trong
trang thai plasma cta dién tar va 16 trong hoac trang théi ban kim loai.

Chung toi xét hé hai chiéu gdm N =100x100 ndt mang, va thuc hién tinh sb trong hé don vi ty nhién
Véi h=c =k, =1. Khdng mat tinh tong quét, chlng tdi chon t° =1 1a don vi ctia nang lugng, con t* luén
dugc chon sao cho t' <t° tirc dai dan ¢ rong hon dai héa tri f thé hién dién ti ¢ linh dong hon dién tir f.
Chuing tdi ¢b dinh @, = 2.5va &° —¢&" =1vai s xen phi manh cuia hai dai nang lugng thé hién hé ban kim
loai, con thé hda hoc i duoc thay doi dé thoa mén diéu kién tong mat do dién tir c va diénta f: n°+n' =1
trong trang thai lap day mot nira. o

Trudc tién, ching tdi khao sat sy hinh thanh trang thai EI phu thudc vao nhiét d6 va hang so6 twong tac
dién tir - phonon ang véi mot vai gid tri khac nhau cia tich phan nhay nit t* (Hinh 1).

0.00 T f * # 0.00 T T
7 -0.05 4
-0.05 - ——t=03
=08 | 010
——t=09
010 - A 0.15
© © -0.20
0.5 4
| 0.25
SRS o / \\
020 J/ ] 20.30 \Q
- -0.354
-0.25 - 4
T T T . -0.40 T T T T T
0.0 01 02 03 04 05 02 04 06 08 1.0 1.2 14
T ¢!
(a) (b)

Hinh 1. Tham sé trdt tu d phy thugc vao nhiér dg
(a) va hang s tuwong tac dién tir - phonon; (b) #ng véi mét vai gid tri cua t

Trén Hinh 1a, chiing t6i biéu thi sy phu thugc cua tham sé trat tu d vao nhiét d6 ang véi mot vai gia tri
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cua t khi c6 dinh hang s6 tuong tac dién tir - phonon g = 1.1. Gian d6 cho thiy ddi véi mot gia tri xac dinh
caa t' thi tham s6 trat tw chi khac khéng khi nhiét d6 nho hon gi tri nhigt do t6i han T,. Chang han nhu,
g vé6i t" =0.3 thi gid tri nhiét d¢ téi han T, ~ 0.25. O day, chang t6i da chon t© =1 1a don vi clia ning
lwong trong tinh sb nén gia tri nhiét do Tcnay duogc tinh theo don vi t°. Gié tri cua tham s trat ty giam khi
nhiét d6 tang va bang 0 ¢ nhiét do téi han T, nén T, dugc goi 1a nhiét &6 chuyén pha trang thai El. Gia tri
t6i han T, giam khi tang t". Khi T <T_, tham s trat tu khac khong thé hi¢n hé & trang thai El. Trong mién
nhiét do thip, d gan nhu khong ddi, hay n6i cach khac hé 6n dinh & trang thai EI khi nhiét do thap. Nguoc
lai, khi T >T,_ning lugng nhiét Ién 1am pha huy lién két cap dién tir c-f nén hé chuyén sang trang thai
plasma cua dién tu. Sy phu thudc nhiét do cua tham sé trat ty d trong Hinh 1a hoan toan phti hop véi cac
quan sat thuc nghiém gan day trén vat liéu 1T-TiSe, (Monney va nnk, 2010). That vay, trong vét liéu nay,
dit Iiéu’ thuc nghiém cho thiy déang diu sy phu thugc nhigt do cua tham s6 trat ty c6 dang tuong ty nhu
tham sé trat tw BCS cua siéu dan. Chinh vi vay, trang thai El trong vat liéu ban kim loai thudng dugc quan

st thiy c6 dang twong ty nhu trang thdi ngung tu cua cac cap Cooper trong ly thuyét BCS. Tir céc két qua
thu duoc & Hinh 1a, ching tdi tiép tuc khao sat sy phu thudc cua tham sb trat tu vao hang sb tuo’ng tac dién

tir - phonon g tai nhiét @6 T = 0 trén Hinh 1b. Hinh 1b cho thay d6i vai mot gid tri xac dinh cua t thi tham
s trat ty tang khi hing sb tuong tac dién tir - phonon ting. Tham s trat tu khac khdng khi hang sb twong
tac dién tu - phonon 16n hon mot gié tri tgi han ge. Vi dy, ung voi gid tri cua tf = 0.3 thi gia tri téi han cia
hing sb twong tac dién tir - phonon 0. ~ 0.68. Khi tang t' thi gia tri cua gc cling tang theo. Khi g < g, thi
tham sé trat tu bang 0, khi d6 hé ton tai trong trang thai ban kim loai.

Cac két qua trén Hinh 1 cho thay, &ng véi mot gia tri xac dinh cua t* < t°hé ludn ton tai trong trang thai
Elkhi T <T, va g > g, . Khinhiét d6 cao hoic hing so tuong téc dién tir - phonon khong du lén (g < g,
) thi khdng thé thiét 1ap trang théi lién két dién tir c-f hinh thanh exciton, do vay trang thai EI khong ton tai.
Khi tang t', ca Hinh la va 1b déu cho thiy tham s6 trat ty giam. Diéu ndy khang dinh, néu dién tir f cang
linh dong thi cang lam giam kha nang ket cap dien tor ¢ — f hinh thanh exciton, trang thai EI vi vay bi suy

eu.
g Pé thiy rd hon anh huong cua mirc d6 linh dong cua dién tir f toi trang théi EI, ching tdi tiép tuc khao
sat sy phu thudc cua tham sé trat ty d vao t' ang véi mot vai gié tri khac nhau cia hang sé tuong tac dién
tir - phonon tai nhiét o khong (Hinh 2).
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Hinh 2. Tham sé trdt t d phyu thugc vaot " ing véi mét vai gia tri
cua hang so tuwong tdc dién tir - phonon g

Hinh 2 cho thay tham s6 trat tu khac khong trong toan mién gigi han cua t' . Ung véi mot gié tri xac
dinh di I6n cua hing sb tuong tac dién tir phonon, tham sé trat tu giam khi t' ting. Khi g ting thi gia tri
cua tham so trat ty ciing téng theo. Nhu véy d6 linh dong cua di¢n tir f r6 rang ciing dnh hudng toi sy ton
tai trang thai EI trong h¢. Neu di¢n tir ¢ cang linh dong hon di¢n tu f thi cang tang kha nang ghép cap cua
dién tir c — f hinh thanh exciton va do d6 tham s6 trat ty cang lén. Gian do dugc biéu thi & Hinh 2 hoan
toan phu hgp vai két qua thu duoc ¢ Hinh 1.
4. Két luan

Trong bai béo niy, ching t6i d4 4p dung gan diing Hartree-Fock dé khao st anh huéng ciia mie do linh
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dong cua dién tir 1én trang thai El trong vat liéu ban kim loai thdng qua mé hinh hai dai nang lugng c6 xét
dén tuong tac dién tur - phonon. Cac két qua tinh toan giai tich thu dugc hé phuong trinh xac dinh tham sé
trat tu trang thai E1. Tir cac két qua tinh toan giai tich, chung t6i da thiét lap chwong trinh tinh sé dé khao
sat sy phu thudc cua tham s trat ty trang thai EI vao nhiét do, hang sb tuong tac dién tir - phonon khi thay
dbi tich phan nhay nut cua dién tir f. Cac két qua tinh sé cho thay cac exciton trong hé ngung tu khi nhiét
d6 du thap va hang s tuong tac dién tir - phonon c6 gia tri du Ion. O nhiét do thap, tng véi mot gia tri xac

dinh cia t', khi hing sé twong tc dién tir - phonon di 1on (9= 9¢), hé én dinh trong trang thai EI. Khi

hing s twong tac dién tir - phonon khong di 16n (9 = 9¢), khéng thé thiét 1ap trang thai lién két dién t c-
f hinh thanh exciton, do vay h¢ ton tai trong trang thai SM. Tang nhiét d6 lam pha huy trang thai ket cap
dién tir ¢ —f, trang thai EI do vay bi suy yéu duoc thé hién bai sur giam gia tri cta tham s6 trat tu. Khi nhiét

d6 16n hon nhiét do téi han Te, hé chuyén sang trang thai plasma cuaa dién tir. Khi t' cang lén, tirc dién tir f
cang linh dong thi nhiét do chuyén pha trang thai EI va tham sé trat tu trang thai EI cang giam, thé hién
trang thai EI bi suy yéu. Nhitng nghién ciru k¥ ludng hon vé vai tro ciia @6 linh dong cua dién tur 1én trang
thai El trong anh hudng cta ca twong tac Coulomb va twong tac dién tir - phonon sé duoc ching toi thyuc
hién trong tuong lai.
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ABSTRACT

Influence of the electronic mobility on the excitonic insulator state
in semimetal materials

Do Thi Hong Hait, Nguyen Thi Hau®"
! Hanoi University of Mining and Geology

In this paper, we investigate effects of the electronic mobility on the excitonic insulator state in semimetal
materials through the two-band model in the presence of electron — phonon interaction. We have delived a
set of self-consistent equations determining the order parameter of the excitonic insulator state by applying
the Hartree-Fock approximation. Our numerical results confirm the role of the f-electron mobility in the
formation of the excitonic insulator state at sufficiently low temperature when the electron-phonon
interaction is large enough.

Keywords: Hartree-Fock approximation; semimetal; the two-band model in the presence of electron-
phonon interaction; excitonic insulator
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

.
Qui trinh sinh Higgs va U-hat véc to tir va cham # # trong md hinh
A
Randall-Sundrum khi chum # +# phan cuc
Nguyén Thi Hau'*, Pao Thi Lé Thuy?

! Trirong Pai hoc Mo - Pja chadt
2 Truong Dai hoc S pham Ha néi

TOM TAT

Trong bai bao nay, ching toi nghién ctu qua trinh tdn xa &~ — hU* trong mé hinh Randall-Sundum
khi chim z*, 2~ phéan cyc. Str dung Iy thuyét truong luong tir véi su hd trg cia quy tic Feynman dé tinh
binh phuong bién do tan xa theo cac kénh s, t va u khi chim £, = phan cuc, sau d6 ding phan mém
mathematica dé tinh sé va vé o thi. Cac két qua chi ra rang, khi cham 4", 2~ ciing phan cuc phai thi tiét
dién tan xa thu duoc 1a 16n nhat theo kénh s. Theo céc kénh t va u, khi cham ", 2~ cling phan cuc phai
hodc phan cuc nguoc nhau thi tiét dién tan xa thu dwgc nho hon’rét nhiéu so véi kénh s. Do d6, dong gop
cua U-hat véc to khi chum ", 2= cung phéan cuc phai la I6n nhat. Huéng c6 loi dé thu dugc Higgs boson
va U-hat véc to 14 cac chum muon t6i phai ciing chiéu hodc ngugc chiéu véi nhau.

Tir khéa: Randall-Sundrum; U-hat, muon; tiét dién tan xa; phan cuc.

1. Pat vén dé

Trong nhitng nim gan day, cac nha khoa hoc rat quan tam téi viéc tim ra cac hat mai trén cac may gia
téc nang lwong cao nhu LHC (Large Hadron Colllder) va CLIC (The Compact Linear Collider). U-hat la
mot trong nhung rng cur vién cua cac hat méi va cac dir li¢u thuc nghi¢m vé U-hat da mang lai nhiéu ki
vong cho viéc ching minh sy ton tai cua U-hat (The CMS Collaboration, 2015; The CMS Collaboration,
2016; The CMS Collaboration, 2017; The CMS Collaboration, 2018). U-hat dugc Howard Georgi dé xuat
nam 2007(Georgi, 2007; Georgi, 2007) dya trén I thuyét hiéu dung. Ly thuyét U — hat la Iy thuyét nang
lugng cao chira ca cac truong caa mo hinh chuan va cac truong Banks — Zaks, cac truong co tinh chat bat
bién ti 1€ & vung hong ngoai. Hai truong nay twong tac véi nhau thdng qua viéc trao do6i cac hat c6 khoi
lugng 16n My. U-hat dugc chia lam ba loai 1a U-hat v huéng (spin = 0), U-hat véc to (spin = 1) va U-hat
ten xo (spin = 2).

Nhém nghlen ctru cta chung t6i dd c6 mot sé két qua nghlen ctru vé& U-hat vo huéng va U-hat véc to (Le
Nhu Thuc va Dao Thi Le Thuy, 2020; Nguyen Thi Hau va Dao Thi Le Thuy, 2018; Nguyen Thi Hau va
nnk, 2018; Nguyen Thi Hau va Dao Thi Le Thuy, 2019; Nguyen Thi Hau va Dao Thi Le Thuy, 2019). Cu
thé, trong bai bao “Higg and vector unparticle production via z* 4~ collision in the Radall-Sundrum model”
(Nguyen Thi Hau va Dao Thi Le Thuy, 2019) ching t6i d3 danh gia anh hudng cta U-hat véc to tir va cham
1 u” —hU“ trong md hinh Randall-Sundrum, tuy nhién chua tinh t&i trwong hop chum 4", 4~ phén
cuc. Vi vay, trong bai béo nay ching toi tiép tuc khao sét tiét dién tan xa theo goc tan xa va ning luong
khéi tim trong trudng hop chim ", 4~ phan cuc, tir d6 danh gi4 anh huong cia U-hat véc to trong va
cham x* ™ khichdm ", 4 phan cuc. Céc két qua tinh toan vé tiét dién tan xa s& 1a co s¢ dé so sanh
giita If thuyét va thuc nghiém.

Cau tric bai bao dwoc chia lam 4 phan, ngoai phan gidi thi¢u, ching toi sé trinh bay co so li thuyét va
phuong phap nghién ciru trong phan 2 cua bai béo. Céc két qua tinh sé va thao luan sé trinh bay trong phan
3, cudi cuing la cac két luan dugc trinh bay trong phan 4.

2. Co st ly thuyét va phwong phap nghién ctiu

Trong vat li U-hat, tuong tac ciia U-hat véc to (U*) véi cac hat muon ( 2, z*) dwoc biéu dién bang
gian d6 Feynman trén Hinh 1.

* Tac gia lién h¢
Email: nguyenthihau@humg.edu.vn
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Hinh 1. Quy tdc Feynman cho twong tac ciia U-hat vée to véi cac muon (Cheung va nnk, 2007)
voi: A, 1a hang s6 tuong tac higu dung twong tng véi toan tir cia U-hat véc to, A, la thang ning luong va
du la the nguyén ti 1€ cua toan tir U-hat.
Trong mo hinh Randall-Sundrum (Randall and Sundrum, 1999), twong tac ctia Higgs boson (h) véi cac
photon () va cac muon ( z~, ") (Dominici va nnk, 2003) dugc biéu dién trén Hinh 2.

T “‘_[
k1
h h
k2
#+
TV
H v v 2 i m
iC, [k b —kk ] ~Z i (d+ )
w
2) b)

Hinh 2. Quy tdc Feynman cho twong tac ciia Higgs boson véi cdc photon cé xung heong ki, k2 (a)
va cac muon (b) (Dominici va nnk, 2003).

Véi: C, lahé sé tuong téc cua Higgs boson véi cac hat photon, m, va m,, lan luot 1a khdi lugng ciia muon
va boson W, d va b 1 cac tham s tron trang théi, g 1a hang s6 twong tac ctia nhém SU(2) va y la tham sé
trong mé hinh Randall-Sundrum.

Dua theo Ii thuyét hiéu dung, chiing t6i dé xuit twong tac ciia Higgs boson (h) véi cac U-hat véc to (U*
) theo gian d6 Feynman trong Hinh 3, trong d6 C,, 1a hé sb tuong téc giita Higgs boson véi cac U-hat véc
to, hé sb C, da dugc chiing toi danh gia thong qua tén xa e*e” (Nguyén Thi Hau va Lé Nhu Thuc, 2018).

U“u
ki

-t - K iC, I:krkz’]yv _klvk;]

L'.—"—"_.l.
Hinh 3. Quy tdc Feynman cho twong tac ciia Higgs boson véi cac U-hat véc to ¢é xung lirong k1, k2
Qué trinh sinh Higgs va U-hat véc to tir va cham 1~ dugc biéu dién duéi dang:
w1 (p) + 1 (p,) > h(k) +U*(k;) 1
trong do: p;, p,1a xung lugng cua cac hat tham gia, k;,k, 1a xung lugng ctia cac hat tao thanh. Qua trinh
nay dwoc mo ta boi cac gian dd Feynman sau:

+ “hik - 1 (py) 20
at(p) Ur(g,) ’,' hky)  m(p) Uitk H(py Ut(,)
g H 7({]5} H 7(qu)
A Y
o \'\ﬁ'\‘\,"\‘\'U-”(kz) W) | ]1:’(2 1 (py) \\ h(ky)
@ () (©)

Hinh 4. Gian do Feynman cho qué trinh tan xa z* 1~ — hU* theo kénh s (a), kénh t (b) va kénh u (c)
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Trong Hinh 4a U-hat véc to dong vai tro 1a hat truyén tuong tac véi xung lugng g, , con trong Hinh 4b
va 4c thi hat muon lai dong vai trd 13 hat truyén tuong tic voéi xung lugng lan luot 1a g, va q, . Ap dung

quy tic Feynman cho céc gian do trén Hinh 4, chung t6i thu dwoc cac yéu té ma tran theo cac kénh s, t, u
nhu sau:

M, = Ty (O O (R (e PP, (ke 07 K ) ), @)
o amed)
R oy TP () @) ®

d+yb .
s Z?nm"(;zzqz)) V()7 @+7°)é, ()G, +m, Ju(p,) @

H 2
S

L. 05,05 s ha
VoI 0, =P+ p, =k +ky; = pi—k =k —p,; q, =k —p,=p -k, 7, =£—9,,v+ - ]; Ay lahe
s6 tai chuan hoa trong vat Ii U-hat.

Khi chum ", 2~ phéan cuc, chang toi thay v(p,) bang v, (p,) hoic v, (p,) vathay u(p,) bang u, (p,)
hoac u,(p,), trong do:
1-7s
2

1+y.
2

uL(pl): u(pl)!

uR(pl) = U(pl)’

1+y. ®)
>
1-7
2
Tir d6 chling t6i tinh dugc binh phwong bién d6 tan xa khi chum 4", £z~ phan cyc theo cac kénh s, t va
u nhu sau:
Khi chum 4", &~ cung phén cuc phai:

v (p,) =V(p,)

Ve (p,) =V(p,)

M| =—2Bs*{(a.k,)*[-2(p, p,) +q—12(—2( PG, )(Pd) + (P, p,)al)]

S

+07[2(p,k, ) (Pk,) — (PP, )K; +q—14(2(|02qs)(|010|s)(qsk2)2 —(p,p,)a (Gk,)?)

S

(6)
1
_q_2(2( pzkz)( plqs)(qsk2)+2( plkz)(pzqs)(qskz)_z( p1 pz)(qskz)z)]}

|MURR|2 :168u2m5(p2 p1) (7)
IMyg|” =16Bt°m? (p,p,) ®)

Khi chum 4", &~ phén cyc trdi — phai
M| =16BE” {2(p,,)(P,0) — (P, P )(ca)} ©)

Khi chum 4", 4~ phéan cuc phai — trai
Mg | =8Bu” {2(p,0,)(pd,) - (P, P,)(0,0,) + M2 (p,0,)} (10)

trong d6 Bs, Bt, Bu 1a cac hé s6 ma chung toi dat an luot la:
I)ZlAdu 2ydu-2

Bs=— W ____(_ C 11
Ag“-lzsin(du;z)( W )
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_ Agm,(d+7b)
A2, (o - mg)
_ Agm,(d+7b)

AY2m (o2 -m2)

(12)

Bu (13)

va cac thanh phan con lai bao gom [M. [*5[Me [ IM o 5 IMusl 5 IMa [ s IMe 5 [M | déu cho két qua
bang 0. ’ q ,
Vi cac ket qua thu dugc tir cac phuong trinh (6)-(10), ching toi thay vao biéu thirc tinh tiet dién tan
Xa Vi phan trong hé quy chiéu khoi tam
do 1 M
dcosd 647s|p,|

IM[* (14)

trong d6 s = (p, + p,)?, /s 1a nang luong khéi tam, LY |2 14 binh phuong bién d6 tan xa va 6 la géc hop
béi hai véc to xung lugng P, va K, . Tir do ching t6i tién hanh tinh s6 va thao luan vé cac két qua thu duoc
trong phan 3.

3. Két qua tinh s6 va thao luan

Trong phan nay, chdng toi trinh bay cac két qua tinh s6 sau khi khao sat su phu thugc cua tiét dién tan
xa Vi phan theo goc tan xa va tiét dién tan xa toan phan theo niang luong khéi tam khi chom 4, 7~ phan
cyc trong qué trinh tan xa x g~ —hU“.

V6i bai bao trude, chung toi da danh gia duoc tiét dién tan xa ting nhanh nhat khi 1,8 < du < 2 ( Nguyen
Thi Hau va Dao Thi Le Thuy, 2019). Do dé, trong bai bao nay ching t6i khao sét tiét dién tan xa tai
du =1,99 va ¢6 dinh céc thong s6 khac nhu sau: C, =C,, 4 =1, A, =1000GeV va /s =500GeV .

Trudc tién, ching ti khao séat s phu thudc cua tiét dién tan xa vi phan (TDTXVP) theo cosé khi chim
4, 1~ phan cyc. Cac két qua dugc thé hign trén Hinh 5.
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Hinh 5. TDTXVP cua qua trinh tAn Xg '~ — hU# khi chum &*, ¢~ phén cuc theo kénh s (a),
kénh t (b) va kénh u (c)
Céc két qua trén Hinh 5 cho thay theo kénh s tiét dién tan xa vi phan c6 gia tri I6n nhat khi chom 2%, 1~
cuing phan cuc phai. Trén Hinh 5a, TDTXVP Ién nhat khi cosd=+1 va nho nhat khi cos6=0. Nhu vay,
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khi c6 su phan cyc ciia cham 4+, 1~ , huéng c6 loi nhét dé thu dugc Higgs boson va U-hat véc to 1a chum
muon t&i phai cting chiéu hoic ngugc chiéu véi nhau. Po 16n ciia TDTXVP theo kénh u va kénh t nho hon
rat nhiéu so véi kénh s khi cham 4*, 2~ phan cuc.

Tiép theo, ching t6i khao sat sy phu thudc cua tiét dién tan xa toan phan (TDTXTP) theo ning luong
khéi tam trong khoang tir 500 GeV dén 3000 GeV khi cham z*, 4~ phan cuc, cac két qua duoc biéu dién
trén Hinh 6.
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Hinh 6. TDTXTP cua qué trinh tan xg "z~ — hU* khi chum ", &~ phén cuc theo kénh s (a),
kénh t (b) va kénh u (c)

Tur céc db thi trén Hinh 6 chiing toi thiy ring, theo kénh s TDTXTP ting theo chidu ting ctia /s khi
chim ",z cing phan cuc phai. Theo kénh t va kénh u, TDTXTP giam theo chiéu ting cua \E khi
cham 4+, 4~ cling phan cuc phai hozc phan cuc nguoc nhau. TDTXTP theo kénh s ¢6 gia tri 16n hon nhiéu
S0 véi kénh u va kénh t. Nhu vay, khi U-hat véc to dong vai trd 1a hat truyén twong tac thi tiét dién tan xa
thu duoc 14 16n nhit, do 6 n6 c6 dong gop 16n nhat khi cham 4+, 1~ cting phan cuc phai. Khi cac hat muon
dong vai tro 13 hat truyén twong tac thi TDTXTP thu dugc rat nho.

4. Két luan

Trong bai bao nay, chung toi da 4p dung c4c quy tic Feynman va diing phan mém mathematica dé khao
sdt anh huong cua U-hat véce to tir va cham 4"~ — hU* trong mo hinh Randall-Sundrum khi chum
4, 1~ phan cuc. Cac két qua tinh toan giai tich thu dwgc biéu thirc binh phuong bién do tan xa khi chim
4, 1~ phan cuc theo céc kénh s, t va u. Str dung phan mém mathematica dé tinh s, chung toi thu dugc
cac d6 thi khao sat tiét dién tan xa vi phan theo g6c tan xa va cac dd thi khao sét tiét dién tan xa toan phan
theo nang lugng khdi tm khi ¢6 sy phan cuc cua cham 4%, . Céc két qua chi ra rang, huéng c6 loi dé
thu dugc U-hat véc to va Higgs boson Ia cac chum muon phai cung huéng hodc nguoc huéng so véi nhau.
Khi U-hat véc to dong vai tro 1a hat truyén tuong tac thi tiét dién tdn xa thu dugc la 16n nhat, hay ndi cach
khéc dong gop ctia U-hat 14 I6n nhat trong tan xa 2"z~ — hU* khi chim 4", 2~ phan cyc.
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ABSTRACT

Higgs and vector unparticle production via u* 2 collision
in the Radall-Sundrum model when ", 1~ beams are polarized

Nguyen Thi Hau'", Dao Thi Le Thuy?
1Hanoi University of Mining and Geology
2Hanoi National University of Education

In this paper, we study the Higgs boson and vector unparticle production via collision in the Randall-
Sundum model when beams are polarized. We have used quantum field theory and Feynman rules to
calculate matrix elements square of the process with s, t, and u channels when the beams are polarized.
After that, in order to assess the number and make the identification, a mathematica software will be used.
The results indicate that when the beams are polarized right-right, the cross section reaches maximum value
with s channel. When the beams are polarized right-right, right-left or left-right, the cross section of the t
and u channels is much smaller than s one. Therefore, the contribution of vector unparticle is largest when
the beams are polarized right-right. The advantageous directions to search for signs of Higgs boson and
vector unparticle are the same or opposites directions to the initial muon beams.

Keywords: Randall-Sundrum, unparticle, muon, cross section, polarized.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
FARTHSCIENCES AND A TAI NGUYEN VO'I| PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Anh hudng caa phonon Ién trang thai ngung tu exciton
trong md hinh hai dai nang luong cé tuong tac dién tur - phonon

D3 Thi Hong Hai'*, H6 Quynh Anht
! Truong Dai hoc M6 - Dja chat

TOM TAT

Trong bai bao nay, ching tdi khao sat anh hudng caa phonon 1én sy hinh thanh trang thai ngung tu exciton
trong md hinh hai chiéu hai dai ning luong co twong tac dién tir - phonon. Bang ap dung ly thuyét truong
trung binh, ching t6i rdt ra h¢ phuong trinh tu hop cho phép xac dinh tham s6 trat tu trang thai ngung tu
exciton. Giai h¢ phuong trinh ty hop bang phuong phap tinh s6, chung t6i thu dugc sy phy thuge cua tham
s trat tw vao cac thong sé ctia md hinh. Trén co s két qua tinh so, ching toi thiét lap cac gian d6 pha md
ta trang thai ngung tu exciton trong hé. Két qua khing dinh mdi lién hé mat thiét cua tan sé phonon va hing
s6 twong tac dién tir - phonon trong viéc thiét 1ap trang thai ngung tu exciton & nhiét d6 thap.

Tir khoa: ngung tu exciton; ly thuyét truong trung binh; mé hinh hai dai ning lwong; tin s6 phonon; tuong
tac dién tu - phonon.

1. D3t van dé

Exciton la gia hat boson dugc tao bai luc hut tinh dién giita dién tir va 16 tréng. Trang thai ngung tu cia
exciton trong vat liéu ban kim loai, ban dan da dugc tién doan vé mat ly thuyét tir nhitng ndm 60 cua thé
ky trude (Mott, 1961). Tuy nhién cho dén nay, trang thai nay van thu hat sy tap trung nghién ctu khong
chi cta c&c nha vat ly ma cua ca nhitng nha nghién ctiru cdng nghé (Apinyan va Kopeé, 2019; Cam, 2019;
Efimkin va nnk, 2020; Hamada va nnk, 2017; Lee va nnk, 2019). Véi khéi lugng hiéu dung rat nho (c&
1/10 khéi luong cua dién tir tu do) nén exciton c6 thé ngung tu & nhiét & cao hon rat nhiéu so véi nhiét do
tai han trang thai ngung tu Bose-Einstein cua cac nguyén tir (Moskalenko va Snoke, 2000). Vi vay, nhiing
hé vai trang thai ngung tu exciton c6 kha niang mé ra tiém ning wng dung rat 16n trong céng nghé hién dai
nhu cong nghé laser, cdng nghé ban dan,... (Littlewood va nnk, 2004).

Vé mat ly thuyét, trang thai ngung tu ciia exciton di dwoc nghién ciru mot cach ky ludng nhung chu yéu
dua trén nhirng dac tinh hoan toan dién tir nhu dwa trén mé hinh Falicov-Kimball mo rong (EFKM), 1a md
hinh Falicov — Kimball c6 tinh t&i nhay nut caa cac dién tir trén muc f. Tuy nhién, chi véi mé hinh EFKM,
ngudi ta da khong tinh téi nhitng anh huéng caa phonon 18n trang thai ngung tu exciton trong hé. Trong
khi d6, mot s6 thi nghiém gan day trén vat liéu kim loai chuyén tiép 1T-TiSe2, da cho thay su bién dang
mang tinh thé 1a dang ké va 1a co s¢ dé hinh thanh trang thai ngung tu cia exciton (Di Salvo va nnk, 1976;
Monney va nnk, 2010). Bén canh d6, trong vat liéu TmSe0,45Te0,.55, tai &p suat thich hop, mot trang thai
lien két cua 16 tréng 4f & diém [ va dién tir 5d tai diém X c6 thé duoc tao thanh nho hd trg cua phonon
dang [1-X (Wachter va nnk, 2004; Wachter, 2018). Hon nira, khi nghién ctru trang thai ngung tu cua exciton
trong kim loai chuyén tiép Ta2NiSe5 bang tinh toan ciu truc ving va phan tich trueong trung binh cho md
hinh Hubbard ba dai véi bac ty do phonon, Kaneko va cong su di khéng dinh cau tric mang tinh thé thay
dbi tir dang thoi sang dang don ta (Kaneko va nnk, 2013). R3 rang, su léch mang hay anh huéng cua phonon
1 rat quan trong trong cac loai vat lidu nay, dic biét 1a trong viéc hinh thanh trang thai ngung tu exciton.

Trong bai b4o nay, ching t6i nghién ciru ly thuyét vé sy hinh thanh trang thai ngung tu exciton trong mo
hinh hai chiéu hai dai ning lugng c6 tuong tac dién o - phonon bang ly thuyét trudng trung binh. Trong
do, chung t6i tap trung khao sat anh huong cua tan s phonon va hang so tuong tac dién tir - phonon trong
viéc thiét lap trang thai ngung tu exciton trong mé hinh & trang thai co ban, tirc & nhiét do khéng.

Bai bao dugc chia thanh 4 phan. Trong d6, phan 2 ching tdi gigi thigu mé hinh hai chiéu hai dai ning
lugng c6 twong tac dién tir - phonon. Trong phan nay, ching t6i 4p dung Iy thuyét truong trung binh cho
mb hinh dé rt ra hé phuong trinh tw hgp cho phép xéac dinh tham so trat tu trang thai ngung tu exciton. Két
qua tinh s va thao luan duoc thé hién & phan 3. Cudi cuing, phan 4 trinh bay két luan cua bai béo.

*Téac gia lién he
Email: dothihonghai@humg.edu.vn
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2. M6 hinh va phuwong phap tinh

Trong biéu dién xung luong, mé hinh hai dai ning lugng co tuong tac dién tir - phonon dugc mo ta
béi Hamiltonian sau:

. H = Hy + Hine 5 1)
trong d6: Ho mé ta phan nang lugng khéng tuong tac cua hé dién ta trén dai dan, dai hoa tri va hé phonon
c6 dang:

H, = Yyefcion + Zelfi fi + o Libiby (2
Véi: ck T, fk (fi) lan luot 12 cac toan tir sinh (hay) ciia cac dién tir ¢ trén dai dan, dién tu f trén dai hoa tri
va bk (by) la toan tir sinh (huy) phonon mang xung luong k. O day, chung toi chi xét cac phonon quang mo
ta boi md hinh Einstein vai w, 1a hang s6. Diéu nay hoan toan phi hgp véi viéc mé ta hé phonon trong cac
hop chét dichalcogenide kim loai chuyen tiép o ving nhiét do thap (Wachter va Bucher, 2013; Wachter,
2018; Weber va nnk, 2011). Trong gan ding lién két chat, cac hé thirc tan sic cho dién tir ¢ va dién tir f
duoc cho boi:
e =& = tpe—u (3)
Vi gf{’f la nang lugng tai nUt cua dién tir ¢ va dién tir f. Sy khac nhau cua hai gié tri nang lugng nay cho
mirc d6 xen phu cua hai dai nang lugng. ¢/ 14 tich phén nhay nut twong tng cua dién tir ¢ va dién ta f.
Théng thuong ¢/ dugc chon nho hon t¢ thé hién dién tir trén dai hoa tri kém linh dong hon dién tir trén dai
dan. Trong mang hai chiéu hinh vudng véi hang sé mang a = 1, ta ¢6 y; = 2(cosk, + cosk,) chi busc
nhay trong mang tinh thé va u 12 thé héa hoc. o
Hint M0 ta phan nang lugng tuong tac cua hé dién t véi phonon vai hang so tuong tac g:

Hine = \/%qu[clquk (bIq+bg )+ kaer+q(b—q +b)] 4

trong d(’):’ N 1a s6 nGt mang tiph thé. Ghép cap dién tir ¢ — f twong dwong véi mot trang théi exciton. Tai nhié:[
d6 du thap, trong hé hai chiéu, cac exciton vai xung lugng hitu han @ = (r, ) ¢6 thé ngung tu, duoc thé
hién bai gia tri trung binh dy = (c]‘:wfk) tai xung luong k khac khong. Pai lwong nay biéu thi su lai héa
gitra cac diéntr c va dién tir f nén duoc goi 1a tham sé trat tu trang thai ngung tu exciton. Trong bai toén
nay, dé khao sat sy ton tai cua trang thai ngung tu exciton, chung to6i cling xem dai lugng:

d = =3 ((cf o fid + (fil cir)) ©)
nhu tham s6 trat ty trang thai ngung tu exciton. Tham sé trat tu khac khong thé hién hé ton tai trong trang
thai ngung tu.

Trong gan diing truong trung binh, Hamiltonian trong phuong trinh (1) dwoc tach thanh hai phan, phan
dién tir va phan phonon. Trong d6, thanh phan phonon dugc chéo hda bang viéc dinh nghia toan tir phonon
méi B, con phan dién tir ¢ thé chéo hda bang cach sir dung phép bién di Bogoliubov (Bogoliubov va
nnk, 1959) véi cac toan tur gia hat fermion Cyy Va Cyy. Két qua ta thu dwoc Hamiltonian trong gan dung
truong trung binh chéo hoa hoan toan, dugc viét dudi dang toan phuong cua c&c toan tir sinh va huay:

Hur = Lk EiChiCuic + Tk EECHCaxc + wo X1 By By, (6)
trong do: cac nang lugng gia hat dién tir dugc cho boi

E]i,z — E£+:ﬁ+Q T 5gn(£]€‘£lﬁ+Q) I @)
Vai:
2 1/2
Iy = [(e]’: — &) + 4|A|2] 8)
b= (bl +b_g) ©
Str dung Hamiltonian nay, ching ta thu duoc gia tri ky vong:
di = (chyofi) = ~Inp(EQ) — np(ED]sen(ef — efing) 7 (10)

trong d6: ng(Ey'?) 12 ham phan bé Fermi-Dirac.
3. Két qua va thao luan

Trong phan nay, ching tdi trinh bay két qua tinh s dé thao luan anh huong cua tan sé phonon va hang
s6 tuong tac dién tir - phonon [én sy ngung tu cua exciton trong mo hinh dugc mo ta & phan truge. Két qua
dugc tim ra tir viéc giai s6 cac phuong trinh tu hop (7) — (10) véi sai s twrong ddi 1a 106, Hé & trang thai
ngung tu exciton khi tham s trat tw khéc khong. Trong bai toan nay, ching tdi chon hé hai chidu véi N =
150 x 150 ndt mang. D& thuan tién, ching tdi chon |t€| = 1 coi 1a don vi cta nang lwong va tinh toan véi
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cac gia tri cé dinh: t/ = 0,3, — ¢/ = 1 trong viing I4p ddy mot nira voi tdng mat do hat dién tir: n¢ +
nf = 1. Khi @0, thé hda u dugc thay doi dé thoa man diéu kién nay. O day, chung t6i sir dung hé don vi
ning lugng tong quat voi h = ¢ = kz = 1.
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Hinh 1. Gian do pha trang thdi co ban ciia mo hinh trong mét phang (wo, g)
Pha ngung tu exciton duoc biéu thi bai ving ké ca-rd

Trudc tién, ching toi biéu thi trén Hinh 1 gian d6 pha trang thai ngung tu exciton cia md hinh trong mat
phing (w,, g) tai nhiét a6 khong. Gia tri nhiét do khong ¢ ddy dugc ching toi lay trong tinh toan s§ 12 T =
103, Gian d6 pha duoc xay dung nhd khao sat sy phu thuc cua tham sé trat tu d xac dinh boi cong thirc
(5) vao hing sé tuong tac dién tir - phonon g tng véi mdi gié tri xac dinh cua tan sb phonon w,. Trén c&
so dit liéu tinh s, chung t6i xac dinh gi tri twong tng cia g véi mdi w, khi gi tri ciia tham sb trat ty d ~
103, Hinh 1 cho thay, tng véi mdi gia tri xac dinh cua tan s6 phonon, ta luén tim thay ving ngung tu
exciton (ving ké ca-rd) khi hang s twong tac dién tir — phonon 16n hon mot gia tri téi han ge. Tan s6 phonon
cang lon thi gia tri t6i han g cang 16n. Pic tinh nay da duge dé cap trong trudng hop mot chiéu, trong d6
méi quan hé tuyén tinh gitra binh phuong hang sb tuong tac téi han ge va tan s6 phonon da dugc xac nhan
ca trong tinh toan s va giai tich (Phan va nnk, 2013). Trong tinh toan caa chdng toi, mdi lién hé c6 dang
ham béc hai cua hang sb tuong tac dién tir — phonon va tan s6 phonon ciing da duoc xac nhan bang viéc
khép ham s6 trén phan mém Origin (duong dit nét). Két qua tinh toan cho hé hai chiéu cua ching toi vé
mébi lién hé cua hang sb tuong tac dién tir — phonon va tan sé phonon hoan toan phi hop véi trudng hop
mot chiéu. D6 1a do tinh toan cua ching tdi va tinh toan trong tai liéu (Phan va nnk, 2013) déu dua trén co
so cua ly thuyét trudng trung binh. Két qua vi vay khong phu thude dang ké vao sé chiéu caa hé, ngoai trir
truong hop mat Fermi ¢ trang thai két t6 hoan hao, khi d6 véi hé hai chidu, mat d6 trang thai cua hé dién
tir khong tuong tac phan ky tai muc Fermi. Vi g < gc, twong tac dién tir — phonon chwa du I6n dé thiét lap
trang thai lién két dién tir ¢ — f hinh thanh exciton nén khéng thé hinh thanh trang thai ngung tu. Khe ning
luong khong ton tai va hé & trong trang thai ban kim loai (viing gach chéo). Két qua ciing cho thay ving
ngung tu exciton bi thu hep lai néu tan s phonon cang Ién. Khi tan sb phonon cang 16n, twong tac dién tir
— phonon phai du I6n mai c6 thé thiét 1ap duoc trang thai lién két dién tir ¢ — f hinh thanh exciton va trang
thai ngung tu.

Gian d6 pha & Hinh 1 ciing thé hién, &ng véi mai gia tri xac dinh cua hang sb twong tac dién tir - phonon,
trang thai ngung tu exciton chi duoc thiét 1ap néu tin sb phonon nhé hon mét gia tri téi han. Dé thiy rd hon
vai trd cua tan sb phonon trong viéc hinh thanh trang thai ngung tu exciton, ching tdi biéu thi du6i day sy
phu thudc vao xung lwong cua tham sb trat ty trang thai ngung tu exciton dk & trang thai co ban khi thay
dbi tan sb phonon. Pai lugng nay biéu thi ving khong gian xung lwong trong d6 cac dién tu ¢ va dién tu f
¢6 lién quan dén sy hinh thanh va ngung tu cua exciton. Hinh 2 cho ta buc tranh cua |dk| khi ¢ dinh hang
sd tuong tac dién tir — phonon g = 0,5 tai nhiét do khdng, tng véi mot vai gié tri cua w,. Trong nghién ctu
nay, ching tdi chon &€ — e’ =1 tuc 1a cac dai nang lugng cua dién tir ¢ va dién tir f xen pha manh va ca
hai loai dién tir ¢éu tham gia hinh thanh bé mat Fermi. Hinh 2 cho thiy, vai hing s6 twong tac dién tir -
phonon g = 0,5, tham s6 trat ty |di| ludn cé gié tri cuc dai tai cac xung lugng gan xung lugng Fermi (dwoc
biéu thi bang duong dut nét mau tring). Biéu nay khang dinh chi nhitng dién tir nam xung quanh muc Fermi
méi tham gia vao qua trinh ghép cap hinh thanh exciton, mirc Fermi dong vai trd quan trong quyét dinh
trang thai ngung tu cua exciton. Kich ban nay hoan toan twong tw V4i su ngung tu cua cac cap Cooper trong
ly thuyét BCS cua siéu dan (Bardeen va nnk, 1957). Theo ly thuyét BCS, do su ghép cap cua cap dién tir —
dién tir vai spin trai chiéu ma khe ning lugng hinh thanh xung quanh muc Fermi véi bé rong khe ti 16 voi
tan sé Debye. O nhiét d6 thip, cac cap Cooper nay s& ngung tu va hinh thanh trang thai siéu dan. Trang théi
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ngung tu néy s& bi pha v& néu c6 ning lugng du 16n pha huy trang théi két cap, khi d6 khe niang lwong ciing
khéng con va hé chuyén sang trang thai kim loai hay chét long Fermi thong thuong. Trong bai toan cua
chung tdi, trang thai ngung tu exciton ciing khong con néu trang théi lién két cap dién tir ¢ — f bi pha v khi
nang luong du Ién. Khi d6, hé chuyén sang trang thai ban kim loai hay trang thai plasma cua dién tir. Két
qua nay gop phan lam sang to nhitng quan sat thuc nghiém trong vat liéu TmSeo s Teo 55 & &p suat In. Trong
truong hop nay, hai dai 4f va 5d xen phii nhau, do sy tan xa phonon ma dién tir 4 két cap véi dién tir 5d dé
tao thanh exciton. Cac exciton nay ngung tu khi nhiét do du thap (Wachter, 2001; Wachter, 2018). Khi ting
w,, gid tri ciia tham sé trat ty giam va khi w, = 1,5, do hang sé tuong tac dién tir - phonon chua di 16n nén
|di| tror nén rat nho, trang thai ngung tu bi pha v va hé xem nhu dong nhat. Két qua nay ciing hoan toan
phU hop Véi gian d6 pha dugc biéu thi trén Hinh 1.

0,5 : - - 03
o=1,5 _
0’4 ° . \\\
F N 02
03
f
!
|
02 /
/ 0,1
/
0,1 o A
S
—00 ; ' —00
q -1,0 -0,5 0,0 0,5 1,0 -1,0 -0,5 0,0 05 1,0
K /n [dl k/x Iy k/x [dy

Hinh 2: Gid trj cia tham sé trdt tu dk phu thude xung heong k trong vang Brillouin th nhdt
vgi mét vai gid tri khac nhau cia w, khig =05 tai T = 0. Xung lwong Fermi
duoc xdc dinh boi dwong dirt nét mau trang

4. Két luan

Nhu vay, trong bai bao nay, chiing t6i da ap dung thanh cong ly thuyét truong trung binh cho mé hinh
hai dai ning lugng c6 tuong tac dién tir — phonon dé dé cap dén anh huong cua phonon Ién trang thai ngung
tu exciton trong hé ban kim loai hai chidu. Két qua tinh toan giai tich dwoc thé hién qua hé phuong trinh tu
hop cho phép xac dinh tham sb trat ty trang thai ngung ty exciton. Giai hé phuong trinh ty hop bang
phuong phéap tinh so két qua tinh sé cho thay, véi tin sb phonon xéc dinh, hé én dinh trong trang thai
ngung tu exciton néu cuong do tuong tac dién tu — phonon 16n hon mot gia tri téi han. Gian d pha trang
thai co ban cua ching t6i cling cho thiy mdi quan hé c6 dang ham bac hai cua hang s6 twong tac dién tir —
phonon va tan sé phonon. Tan sé phonon cang 16n thi gia tri téi han cua hang sb twong tac dién tir — phonon
cho chuyén pha trang thai ngung tu exciton cang Ién. Mac du tinh toan cho hé hai chiéu, nhung két qua
nhan duoc cua ching t6i vé mdi lién hé cia hang sb twong tac dién tir — phonon va tan sé phonon hoan toan
pht hop vai truong hop mét chiéu. Bang cach khao sét chi tiét hon su phu thude xung luong cua tham sb
trat ty trang thai ngung tu exciton, chiing t6i khing dinh trang thai ngung tu dang BCS cua cac exciton
trong hé twong tu V6i trang théi siéu dan hinh thanh tir cac cap Cooper trong ly thuyét BCS & nhiét do thép.
Nhitng nghién ciru k§ ludng hon vé anh huéng caa phonon am 1én trang thai nay sé duoc ching toi
thuc hién trong tuong lai.
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ABSTRACT

Effects of phonon on the excitonic condensation state
in the two-band model involving electron — phonon interaction

Do Thi Hong Hai®*, Ho Quynh Anht!
! Hanoi University of Mining and Geology

In this paper, influence of phonons on the excitonic condensation state in the two-band model involving
electron — phonon interaction is investigated. Applying mean-field theory, we have derived a set of self-
consistent equations determining the excitonic condensation order parameters which depend on the
parameters of the model. Phase diagrams of the excitonic condensation state in the system is then
established. Our results affirm the close relationship of the phonon frequency and the electron-phonon
interaction constant in the formation of the excitonic condensation state at low temperature.

Keywords: excitonic condensation; mean-field theory; the two-band model; phonon frequency; electron-
phonon interaction.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Tong cua cac bién ngau nhién doc lap cung phan phoéi

Nguyén Thu Hang"*, Nguy&n Thly Linht
! Truong Dai hoc M6 - Dja chat

TOM TAT

Téng cua cac bién ngau nhién doc lap cang phan phdi 1a mot noi dung co ban nhung rat quan trong trong
ly thuyét xéc suét va thong ké. Tuy nhién, hi¢n nay, hiu hét céc gido trinh tham khao cho sinh vién chi néu
ly thuyet chung hoac tém tat cac két qua. Trong bao cdo nay, chung toi néu lai mot sé kién thirc co ban vé
cac bién ngiu nhién thuong 9dp, dinh Iy giGi han trung tam, ham dic trung. Tiép theo, chung toi tong hop
cac két qua cung chirmg minh day du vé& phan phéi cua bién ngau nhién T=X_1+X_2+:--+X n, trong do
X _i(i=1,2,...,n) 1a cac bién ngau nhién doc lap, cung phan phdi. Chang han nhu, X_i(i=1,2,...,n) ¢6 cung
phan phol nh1 thuec, phan phdi Poisson, phan phdi chuan,.. . Tur d6, ching t6i dua ra chung m|nh rd rang ve
phan phéi cua mot sé thng ké lién quan dén cac dic trung mau thudng gap.

Tir khoa: Bién ngau nhién ; tong céc bién ngau nhién ; dic trung mau.

1. Pat vén dé

Vé phuong phap tim phan phéi cua tong céc bién ngiu nhién da dwoc trinh bay trong mot s6 glao trinh
chuyén nganh ching han nhu trong cudn Ly thuyet X4C sut cua thay Nguyen Duy Tién, Vil Viét Yeén...
Tuy nhién, céc gido trinh ch1 trinh bay ly thuyét tong quat va mot vai vi du. V& phan b cua cac dic trung
mau thi chua c6 gido trinh tiéng Viét nao chirng minh cu thé. Trong qua trinh giang day mon ly thuyet Xac
suit va thdng ké toan hoc, ching toi nhan thdy c6 rat nhiéu sinh vién thic mac va muén tim hiéu vé nhung
két qua nay. Vi thé, chiing tdi chon viét bao cao “Téng cua cac bién ngau nhién doc 1ap cung phan phdi”.
Béo c4o cua ching tdi xin trinh bay lai mot sé phuong phap tim phéan phdi cua tong cac bién ngau nhién
sau d6 tong hop va chirng minh cac két qua minh hoa. Ching t6i ciing dwa ra mot cach chiing minh cho
phan phdi cua mot sé dic trung mau c6 trong chuwong trinh 1y thuyét thong ké va kiém dinh gia thiét.

2. Co sé ly thuyét va phwong phap nghién ciu
2.1. Mgt sé bién ngdu nhién thwong gap

Phan phdi nh; thirc

Tién hanh mot ddy n phép thir Bernoulli véi xac suit thanh cong & mdi phép thir lap,0 < p < 1. Gia
sir X 12 s6 1an thanh cong trong n phép thir 6. Ta co, X 1a bién ngiu nhién rai rac ¢c6 mién gid tri D =
{0,1,2...,n}vaP(X = k) = Ckp*(1 —p)" %,k € D.

Khi d6, X dwoc goi 1a c6 phan phdi nhi thirc véi cac tham sé n, p va viét 1a X~B(n, p).

Tinh chat: EX = n.p; DX = n.p.(1 —p).
Phan phéi Poisson

Bién ngau nhién X duoc goi la cd phan phdi Poisson véi tham sé A > 0, ki hiéu la X~P (1), néu X c6
midn giatri D = {0,1,2, ..} va P(X = k) = =2

Tinh chit: EX = DX = A.
Phan phai chudn

Bién ngau nhién X dwoc goi & cd phan phdi chuin véi tham sé w, 2(o > 0), ki hiéu la X~N(u, 0?)
néu ham mat d6 cua né c6 dang:

_(x-w?
e 202 ,x €R.

1
xX) =
0= N
bac biét, khi u = 0,0 = 1, phén phoi N(0,1) con duoc goi la phan phoi chuan tac.
Tinh chit: EX = u, DX = o2.

Néu X~N(u, %) thi % ~N(0,1).

*Tac gia lién h¢
Email: nguyenthuhangbmtoan@humg.edu.vn
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Phan phdi mil ) ] .
Bién ngau nhién X duoc goi 1a cd phan phdi mii tham s6 6 > 0, ki higu 1a X~E (@), néu ham mat do
cua né c6 dang
0.e % néux>0
x) = A=
f& { 0 néux<o0
Tinh chat: EX ==, DX = .
Phan phoi Gamma
Bién ngiu nhién X dugc goi la ¢ phan phdi Gamma véi tham s6 a,p (¢ > 0,p > 0), ki higu la
X~G(a,p), néuham mat d6 cta nod cé dang
apxp—le—ax
fx) = I'(p)
0 néux <0
Trong d6, T'(p) = f0+°° xP~le *dx, p > 0 dugc goi la ham Gamma.
Tinh chét: EX = 2, DX = 2.
Phan phdi mil 1a truong hop dac bit cua phan phéi Gamma khi p = 1.
Phan phoi “chi — binh phuong”
Phan phéi G (gg) duoc goi 13 phan phéi “chi — binh phuong” véi n bac tu do, ki hiéu 1a X~x2. Nhu
vay, phan phéi “chi— binh phuong”n bac tu do 1a phan phdi c6 ham mat do:

néux >0

Tinh Chét: Ex:=n,Dy?=2n.
Phan phoi Student ) ) o )
Cho Z,,Z,, ..., Z,, 1a cac bién ngau nhién doc lap, cd cung phan phoi chuan tac N(0,1). Xét bién ngau
nhién:
Z
T = 2
1
n i=1 Zi2
Phén bd ciia T dugc goi la phan bd Student vai n bac tw do. Khi n > 30, phan phdi Student xap xi
phén phoi chuan tac. )
Ham mat do caa phén phoi student Ia

n+1 _nt1
f(x)=M 1 x2> ’ ,X €R.

n n
vnnT (2)
2.2. Ham dic trung va dinh li gidgi hgn trung tdm

Dinh nghia. Ham s6 @y (t) = E(eX) = E(cos tX) + iE (sintX),t € R duoc goi 1a ham dic trung cua
bién ngau nhién X. ’
Bang 1: Bang ham ddc trung cua cac phan phoi thwong gap

Phan phoi Mat do Ham dac trung
Nhi thirc PX = k) = Gip* (L —p)"™* (1—p+pe™)"
-4 )k it _
Poisson P(X=k) =2 k-'l exp{A(e” — 1)}
Mi f(x) — {G.G_Gx 7.l§ux >0 0
0 néux<ao0 9 — it
Chuan f(x) L 5% cer Exp{iat ! 212}
a x) = e 202 ,x . xp{iat — -0
oV2m 2
a,pxp—le—ax 1
Gamma Fx) = TP) néux >0 (1-it)p
0 néux <0

Tinh chdt cia ham déc trung
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2. oy (—t) = @y (t). Tir 46 suy ra néu X ddi ximng (tirc 12 X va - X ¢ cang phan phdi) thi ¢ (t) nhan
gia trj thuc vai moi t.

3. @x(t) lién tuc déu trén R.

4. Véi moi s6 thuc a, b néu Y = aX + b thi ¢y (t) = ey (at).

5. Néu X, Y doc 1ap thi @y.y (£) = @x(t). @y ().
Pinh Iy gidi han trung tam: Gia sir X;, X,, ..., X,1a ddy cac bién ngau nhién doc 1ap, cung phan b véi gia
tri trung binh p va do léch chuan o. Khi d6, trung binh cong X = X2X25*Xn ¢4 nhan bé xap xi chuan véi

N N ~~ TA aA 2 o
trung binh p va d6 Iéch tiéu chuan =

2.3. Phwong phdp tim phin phéi téng cac bién ngdu nhién dgc lgp

Néu X, Y la cac bién ngau nhién roi rac thi
PX+Y = k) =Y PX =LY = k—l)—ZLP(X—l)P(Y k—1), Q)

trong do, tong lay trén tat ca cac treong hop i ma dong thoi ¢ thé xayraX =i,Y =k—1i.

Néu X, Y la cac bién ngau nhién lién tuc. Gia sir X va Y 1a hai bién ngau nhién doc 1ap c6 ham mat do
twong tng 12 £ (x), g(¥). Khi d6 mat d6 dong thoi ciia X va Y 1a fy v (x,) = f(x)g ().

=z-—-t
PitZ = X + Y, T = Y va xét phép doi bién {y i
binh thic Jacobian: J = 1. Suy ra,

fzr(z,t) = fyy(z—t,t).1 = f(z—t).g(t).
do do:

£ = f fz— ). g, @

Ngoai ra, ta con c6 thé tim ham dic trung cia T = X, + X, + -+ + X,,, tir d6 suy ra phan phdi cua T nho
vao tinh duy nhét ciia ham dic trung.
Ménh dé. Hai ham phan phdi bang nhau khi va chi khi cac ham dic trung twong (g cta ching bang nhau
tren R, tacla F; = F, © @4 (t) = ¢,(t),Vt € R.

2.4. Cic trung mdu

Cho {X1, X, ..., X} la MAau ngau nhién c6 kich thudc n.
n
i=1

Trung binh mau:
1 n
—\2
=— Xi—X) .
n— 12( (= X)
i=1

2|>—‘

Phuong sai mau hiéu chinh:

3. Két qua va thao luan

Gia sir X va Y 1a hai bién ngiu nhién doc lap cung phan phdi nhi thirc véi cac tham sb n, p. Theo cong
thac (1) ta céd

PX+Y=m)= Z PX=iY+m—1i)=p™(1l- p)Z”-mz ChCy ™t = Chp™(1 — p)*" ™.
i=0 i=0

Suyra, X +Y~B(2n,p).

Téng quat: Néu X;~B(n,p),i = 1,2, ...,m, thi T = X; + - + X,,~B(m.n, p)

Gia str X va Y Ia hai bién ngiu nhién doc lap cing phan phdi Poisson véi cac tham sb A, u twong ung.
Theo cong thirc (1) ta co:

PX+Y=n)=

n
Ake—/l n—ke—u e —(A+w) y ne (A+w)
z e 2 QI
k! (n—k)'

! EAY I
i kKl "(n—k) n!

Suy ra, X + Y c6 phan phéi Poisson tham s6 A + .
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Tong quat: néu X;~P(A),i =1,2,..,m thiT = X; + -+ X, ~P(A; + - + 4.
Gia s X;,i = 1,2,1,n la céc bién ngiu nhién doc 1ap c6 phan phdi chuan véi tham sé u, o2, Do céc
X;,i=1,2,1,n doc lap nén:

242

n . no-t
Oxy+14x, (0 = 1_[ 1<pxi(t) =™ 2 i=12ln.
1=

Ta thay Ox,+.+x, () = @r(t), trong d6, T ~ N(nu,no?). Do tinh chat duy nhét ciia ham dic trung
a n 2
nén) . _ X; ~ N(ny,no?).
Tong quét hon, néu X; ~ N(u;, 00) thi 31, X; ~ N(Z, g, n o?).

l 1
Ta ciing c6 néu X; ~ N(uy, 62), X, ~ N(up, ) thi X; — X, ~ N(uy — p, 62 + 03).
Gia sir X va Y 1a hai bién ngau nhién doc 1ap c6 phan phdi Gamma G (a, p), G(a, q) tuong tng. it
s=x jy x =ts
=y ©1 Y= s(1-1¢)
X>0,y>0 S>0,0<t<1

Pinh thirc Jacobian cho phép bién déi nay la J = —s.

T d6 suy ra:

ap+q +q+1 1 1
for(s,t) = —=————<e . sPTIT P71 (1-1t)1"",5s>00<t <1
’ r®rq
Hay:
aPta

fsr(s,t) = me_as-smqﬁ- tP7H (1 = )77V Lo 400y (S)- T(0,1y (1)

Theo (2), ta duoc
+00
p+q .
— =——  H(p, —as_gp+q+l | w .
1) = | far(s,0dt = s s H,@)e™ 570 g 1y (5)

Tu fmfs(s)ds =1suyraH(p,q) = FF(?):(? vataduocS ~ G(a,p + q).

Tong quét : Néu X; ~ G(a,p),i = 1,2,...,nthi 7, X; ~ G(a,np).

Giasu X;,i = 1,2,1,n lacéc bién ngau nhién doc lap c6 phan phbi mii véi cling tham sé 6. Nhu vay X; ~
G(6,1),i =1,2,1,n. Vadodsé ). X; ~ G(6,n).

Tir d6 ta ciing ¢6 20 Y. X; ~ x2n.

Gia st X;,i = 1,2,1,n la cac bién ngiu nhién doc 1ap ¢ phan phéi “chi — binh phuong” véi 1 bac ty do.

n

Nhu viy X; ~ G (5,5),1' =12,1n.Vataes ) X ~G (3.2), tirc 1a X2, X,c6 phan phéi “chi - binh
phuong” véi nbac tu do .

Gia st X;,i = 1,2,1,n 1a céc bién ngau nhién doc lap c6 cing phan phdi chuan N (0,1). Xét phan phéi
cua théng ké T (X) = Z?leiz.

Tacd P[X? <z]=0néuz<D0. Xétz>0

P[X? <z] = P[ Vz < X; <\/_] J exp —=u }duzzfiexp{—%zﬂ}du.
0

Lay dao hamZVetaduoc ham mat do CuaXLZ la
flx) = —Zzezl(om)(z)

2
v|r(2) VEnenX? ~G(3.3)=xi=121Ln
VétirdosuyraT—zilei2~)(n.
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Phan phéi cia mot s6 dic trung mau: ‘

Gia str X;,i = 1,2,1,n la cac bién ngau nhién doc 1ap c6 cling phan phoi chuan N (u, o2) véi bién ngau
nhién goc X.

D& thiy %\/—~N(O,1).Tiép theo, ta tim phan phéi caa théng ké V = &= 1) .Ta s& ching minh V c6
phan phéi “chi — binh phuong” véi n — 1 bac ty do.

Trudce hét, ta nhan thdy ring X va $2 1a cac bién ngau nhién doc lap.

Xéttruong hop u = 0,0 = 1.

2 2
Gidsr S2 =52 = ﬁz;(&- ~X) nén V= 6—122;()(1- -X) .

- P 271‘1=+1X Xn41+nXn v
Mat khac tr X, = nill = +r:+: =Xn+ n+1( n+1 n)!
Suy ra
n+1
n+1 1 2
_ 2 _ _
nSpyq = Z(Xi _Xn+1) = E <Xi —Xn— n—-l-l(Xn+1 - Xn))
=1 i=1
n+1
X 1 42 — 2
1
E [(X X,) —2(X, - X,) "++1 "+(n+1) (Xns1 — Xn) ]
i=1

=Zn:(xi—in)2+(xn+1—in)2—z(X"“+ 1") (n +1) (Xpa1 — %)

i=

Juy

(X = %)+ (Xa = %)’

M:

i=1
=(n- 1)52 n_(Xn+1 _Yn) :

Véin = 1thi $7 = 2 (X, — X;)2 Tw 222 f ~ N(0,1) suy ra SZ ~ x2.

Gia str voin = k thi (k — 1)SZ ~ 2. Khidé, véin =k + 1taco
2 2 k 7 \?
kSiy1 = (n— 1)Sk + k+1 (Xk+1 _Xk) .

TU Xppq — X~ N (0 E) tasuy rakSZ,, ~ x2.

Truong hop téng quat 1am twong ty. Chl y rang,

(n— 1)

Nhu vay, théng ké V = ¢6 phan b “chi — binh phwong” véi n — 1 bac ty do.

Cuébi cung, ta tim phan bé cua théng ké —\/_

~ Z, ’ N - X X PN A LA PR A A A
Tadi c6, —=—~T,, trong d6, Zy, Z4, ..., Z,, la cac bien ngau nhién doc 1ap, co ciing phan phoi chuan

1¢n 2
JnZi=1Zi

tac N(0,1). Suy ra\/zL
An-1
n-1

6.2

~T,_,. LAy Z, = %\/ﬁ ta thu dugc %\/E~Tn_1.

4. Két luan

V6i mot s6 phuong phap nhu muc 2.3 ciia bao cdo dd néu, chung ta c6 thé hudng dan sinh vién tim phan
phdi cua téng céc bién ngﬁu nhién doc 1ap cung phan phél Béo céo ciing da tdng hop va dua ra cac két qua
cu thé vé phan phdi cua tong céc bién ngau nhién c6 cung phan phdi rai rac hay lién tuc thuong gap trong
chwong trinh xac sudt va thong ké. Bén canh do, ching t6i cling dua ra mot céch chirmg minh twong ddi don
gian cho phan phdi cua cic dic trung mau. Trong thoi gian téi, ching toi s& nghién ctru thém cac cach
chirng minh khac cho cac két qua do dong thoi tong hop va chiing minh céc két qua khac, nham 1am ré cac
noi dung ly thuyét dugc giang day trong hoc phan Iy thuyét xac sut va théng ké toan.
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ABSTRACT

The distribution of sums of independent and identically
distribute random variables

Nguyen Thu Hang®”, Nguyen Thuy Linh!
! Hanoi University of Mining and Geology

The sum of independent and identically distributed random variables is a fundamental and critial content
in probability theory and statistics. However, most of the reference textbooks for students only state general
theory or summarize the results. In this report, we reiterate some basic knowledge of common random
variables, the central limit theorem and generating functions. Next, we synthesize the results and prove
formula of the distribution of random variable T = X; + X, + - + X,,, where X; (i = 1,2, ..., n) are independent
random variables having the same distribution. For example, X; (i = 1,2,...,n) have the same binomial
distribution, Poisson’s distribution, normal distribution ... Thence, we provide clear proof of several
statistical distributions related to sample characteristics.

Keywords: Random variable; Sum of random variables; Sample characteristics.
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E RS v ~_ HOINGHI TOAN QUOC KHOA HOC TRAI AT
Jakmsaenas o /A TAINGUYEN VI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Quy tic nhan thém x tao sy khac biét

Hoang Ngw Huan*
! Truong Dai hoc M6 - Dja chat

TOM TAT

Trong chuong trinh todn co ban cua truong Dai hoc Mo - Dia chat c6 giang day ly thuyét phuong trinh vi
phan thugc mén Giai tich 2 va ly thuyét phuwong trinh truy héi thuoc mén Toan roi rac. Ly thuyet Vvé cac
linh vuc nay da hoan thién, thé nhung phuong phép giang day ching sao cho sinh vién dé hiéu, d& linh hoi
duoc kién thirc, ndm virng ban chit van dé va van dung sang tao thi van la mot dé tai ludn luén mai va can
phai hoan thién. Cho téi nay, rat nhiéu tai liéu phat biéu vé hai ly thuyét trén, nhung cach trinh bay van bj
b6 budc trong nhitng dinh nghia, nhitng dinh Iy va quy tic dai dong kh6 nhé. Muc dich cua bai bao nay 1a
phét biéu mot quy tic mai that ngin gon dé sinh vién d& nim duoc ban chit tir d6 ap dung ngay va sang tao
V&0 viéc giai céc bai toan lién quan t6i chiing. Muc dich tiép theo 1a dua ra nhitng vi du minh hoa dé ap
dung quy tac nhan thém x. Pham vi nghién ctru la phuong trinh vi phén thuong tuyén tinh cap hai, hé sb
hang va phuong trinh truy hdi tuyén tinh cap hai hé s6 hang Phuong phap nghién ctru 1a phuong phap
nghién cau ly thuyét (cu thé 1a phuong phap phan tich va tong hop ly thuyét). Két qua nghlen clru tuong
g vaoi muc tiéu s& dugc ap dung truc tiép vao chuong trinh giang day trong nha truong. Két qua nghiém
thu s& duoc kiém nghiém qua thuc té giang day.

Tur khéa: Bién ngau nhién; tong cac bién ngau nhién; dic trung mau.

1. Pit van dé

Nhu chung ta da biét, tap tat ca cac nghiém cua mot phuong trinh vi phan thuong Cép n, thuan nhat hé
50 hang vai phép cong va phép nhan véi s6 thuc tao thanh mot khong gian véc to €0 80 chiéu n, tring véi
cip cua phuong trinh. Nhu vay mudn viét nghiém téng quét ctia phuong trinh, ta can phai tim da n nghiém
doc lap tuyén tinh (Jacobi khéc 0), tic cac nghiém nay phai khac nhau — dudi ngén ngit thong thuong. Cach
tim nghiém co s& dura trén mot nhan xét rat “thong thai”: vi hiu hét cac ham sé déu bién dbi qua phép tinh
dao ham, chi duy nhat ham s6 mii véi co s6 ty nhién (e*) 1a chi bién ddi sai khac véi hé sé hing. Thé nén,
bang viéc tién doan nghiém co s& s& phai c6 dang ham sé mii, phuong trinh vi phén 14p tirc dugc dua vé
phuong trinh dai s6 - tim nghiém cua da thire. Pén day, mot van d& méi xuat hién: khong phai tit ca cac
nghiém cua da thac la khac nhau. Khi cac nghiém cua da thirc tring nhau, chiing tao nén cac nghiém co sé
tuong tng ciia phuong trinh vi phan ciing tring nhau. Quy tic tao ra nghiém co s& méi: tir hai nghiém tring
nhau, ta thém nghiém mi bang cach nhan nghiém co s¢ da cho voi x. Tinh chét ndy c6 dugc 1a vi khi da
thirc c6 nghi¢m kép thi dao ham cia n6 cling c6 nghiém nay. D6 chinh la co s¢ déta phat biéu quy tac lap
nghiém tong quat va ciing 14 co s& dé ta tim nghiém riéng cua phuong trinh khong thudn nhat.

Mot diéu tha vi 14 Iy thuyét trén Iap lai hoan toan tuong tu dbi v6i phuong trinh truy hdi tuyén tinh hé sé
hang. Chinh vi vay ta phét biéu: “Quy tic nhan “x” lam khéac di” cho ca hai loai phuong trinh. Ban chit cia
né 1a: khi hai nghiém triing nhau (sai khac nhan tir hiang), ta tao ra hai nghiém co s& phan biét bang cach nhan
thém x. Khi dang nghiém riéng triing véi nghiém co s, ta ciing nhan thém x dé tao ra sy khéc biét.

2. Co st ly thuyét va phuong phap nghién ciru
2.1. Phwong trinh vi phdn tuyén tinh hé so hang

Déi voi phuong trinh vi phan thuong thuan nhat hé s hang:

ay" +by' +c=0. 1)
Phuong trinh dac trung twong tng véi phuong trinh (1) la:
ak?+bk+c=0, k€R. 2)

Gia sur phuong trinh c6 hai nghiém thuc phan biét k,, k,. Khi d6 nghiém tdng quat cua phuong trinh vi
phén ban dau sé c6 dang:
y = ¢ ef* + ¢, ek2, 3)

*Tac gia lién h¢
Email: hoangnguhuan@humg.edu.vn
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Diém méu chét trong cong thirc nghiém (3) 1a hai nghiém co s e*1* va e¥2* phai doc lap tuyén tinh.
Diéu nay khong xay ra khi phuong trinh dic trung (2) c6 nghiém kép, tic k, = k, = a. Khi d6, hiy nhé
ngay téi quy tic nhan thém x vao nghiém co s¢ thir hai va thu duge phuong trinh cua nghiém tong quat la

y=ce*™ +cxe®™

Vi du 1: Ta xem xét vi du dau tién véi phuong trinh thuan nhét sau:

y'—4y'+4=0.

Phuong trinh ddc trung k? — 4k + 4 = 0 c6 nghiém kép k, = k, = 2. Tir day ta d& dang viét duoc

nghiém tong quat ctia phuong trinh 1a:

y =ce?* +cxe?, c¢,c;, ER.
Nhu d4 biét, khi tim nghiém riéng ctia phuong trinh vi phan thudng khong thuan nhat:
ay" +by" +cy =f(x) ®)

thi mot s6 dang dac biét ciia ham f(x) cho phép chung ta doén dugc dang cua nghiém rleng Luc nay, quy
tac nhan thém x déng vai trd nhu 14 mot ngudi tro try dac luc. Ban chat cuia nguyén tic 1a sé hang trong
biéu thirc ciia nghiém riéng y* (x) khong duoc dong dang Vi cac s hang (nghiém co so) trong biéu thic
cua nghiém téng quét y(x) cua phuong trinh thuan nhit (xem cong thic (3), (4)). Ta s& xem xét céch &p
dung quy tic qua cac vi du cu thé.

Vi du 2: Giai phuong trinh y"' — 4y’ + 4y = 4e2*,

Loi giai. Nhu da biét ¢ trén, nghiém tdng quat ciia phuong trinh thudn nhét tuong ung 1a y = ¢;e?* +
c,xe?*. By gio ta s& tim mot nghiem riéng cua phuong trinh khong thun nhat. Vé phai cua né cho ta mot
goi Y la nghiém riéng s& co dang y* = = Ae?*, trong d6 A 1a hang s6 can tim. Thé nhung n6 lai ddng dang
VO‘I sb hang thir nhat trong nghiém tong quat cua phuong trinh thuan nhat, vi thé theo quy tic “nhan thém

’, ta phai tim nghiém riéng dudi dang y* = Axe?*. Dén déy, nghiém riéng lai dong dang vai s6 hang thir
hai trong nghiém tong quat ciia phuong trinh thuan nhat. Vi vy ta “nhan thém x” va tim nghiém riéng dudi
dang y* = Ax%e?*,

Tinh cac dao ham y* = 24x(1 + x)e?*, y*" = 2A(1 + 4x + 2x?)e?* va lip vao phuong trinh dau.
Ta tim dwoc 24 = 4, A = 3. Tuc la nghiém riéng c6 dang y* = 2x2e?*, va nghiém tong quét ciia phuong
trinh dau 1a: y = c;e?* + czxez" + 2x2%e?* = (c; + c,x + 2x%)e?*.

Vi du 3: Giai phuong trinh y"”" — 3y’ = 9x% — 5 — 12 sin 3x.

Loi giai. Phuong trinh dic trung cia phuong trinh thudn nhat 1a k2 — 3k = 0. Tir day, ta tim duoc hai
nghiém thyuc k, = 0,k, = 3 va nghiém tong quat ca phuong trinh thuan nhat 13 y = ¢; + c,e3*. Vé phai
ctia phwong trinh ¢ thé biéu dién thanh tong cua hai ham: f; = 9x2 — 5; f, = —12 sin 3x.

Dau tién ta tim nghiém riéng cua phuong trinh y”" — 3y’ = 9x% — 5. V& phai ciia phuong trinh goi y
cho ta dang cua nghiém riéng Ia tam thirc bac hai y; = ax? + bx + c. Viéc xuat hién hang sé ty do trong
cdng thiec nghiém riéng din dén né triing véi sb hang dau tién trong cong thic cia nghiém tong quét cua
phuong trinh thuan nhat y = ¢, + c,e3*. Ap dung quy tac “nhan thém x lam khac di”, ta tim nghiém riéng
dudi dang y; = (ax? + bx + c)x. Tir day, bang cach lay dao ham cap mot va cap hai, thé vao phuong
trinh, ddng nhat hé thic, ta thu duoc nghiém riéng y; = —x3 — x2 + x.

Tiép theo ta tim nghiém riéng cua phuong trinh y” — 3y’ = —12 sin 3x. Nghiém riéng s& c6 dang y; =
Asin 3x + B cos 3x. Tinh cac dao ham va thé vao phuong trinh, ta tim dugc y; = — gcos 3x + %sin 3x.

Nghiém riéng ctia phuong trinh dau s& bang tong cua hai nghiém riéng vira tim dwoc:

y =y +y;=—x3—x? +x—§cos3x+§sin3x.

Nghiém tong quét caa phuong trinh dau 1a:

y=c +ce¥*—x3—x?+x —gc053x +§sin3x.

Vi du 4: Ta xét mot phuong trinh cap bén dé xem xét vi du nghiém kép phiic.

Xét phuong trinh (D? + 6D + 13)?y = 0
trong d6 D 14 toén tir dao ham, y la ham s bién sb x. Phuong trinh dic trung tuong Gng la

(k? + 6k +13)* = [(k +3)* + 4]* = 0.

Phuong trinh trén c¢6 nghiém kép phuc k, = k, = —3 + 2i. Ap dung quy tic “nhan thém x”, ta c6 thé

viét nghiém tong quét ctia phuong trinh thuan nhét nhu sau

y = e 3*(c; cos 2x + ¢, sin 2x) + xe " 3*(c3 cos 2x + ¢4 sin 2x).
Trong d6 ¢;,i = 1,4 1 céc sb thyc ty do.
2.2. Phuwong trinh truy héi tuyén tinh hé sé hang

Khi bién soan gio trinh cho mdn hoc Toan roi rac, tac gia nhan thay quy tic “nhan thém x” ciing ap dung
hoan toan twong tu cho phuong trinh truy hdi tuyén tinh hé sé hang. Duy chi c6 mét su thay doi duy nhat 1a
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thay bién x thanh blen n, tic quy tac “nhan thém n lam khac di”. Ly do don gian 1a trong phuong trinh truy
hoi, bién chinh 1a s6 ty nhién vi thé ta thuong ky hieu 1a n. Ta xem xét ching qua cac vi du cu thé.

Nhu da biét, phuong trinh truy hdi tuyén tinh thuan nhét bac hai h¢ s6 hang dang:

(p = C1Qp_1 1 C2an_> (6)
¢6 phuong trinh dac trung tuong tng la:
r?=cr+c,. @)
Day 1a phuong trinh bac hai. Gia sir ta tim dugc nghiém ry, , ciia nd, thi nghiém tong quat cia phuong
trinh thuan nhét (6) s& c6 dang:
a,=a-1m"+b-r (8)
trong d6: a, b 1a cac hang s thyuc tu do. Biém mau chdt trong cong thic (7) 1a hai ham s6 co s 1%, 3 phai
doc lap tuyén tinh. Diéu ndy khéng xay ra, khi phuong trinh dic trung (8) c6 nghiém kép r; = r, = 8. Khi
d6 ap dung “quy tic nhan thém n”, ta c6 thé viét nghiém tong quat cia phuong trinh (6) nhu sau:
a,=a-B"+b-n-pm

Vi du 5: Tim nghiém tong quat cta phuong trinh truy hoi: a,, = 6a,_; — 9a,_,

Phuong trinh dic trung c6 dang r% = 6r — 9 hay r2 — 6r + 9 = 0.

Phan tich thanh nhan tir, ta thu dwoc (r — 3)% = 0, vi vay r = 3 la nghiém kép. Tir ddy ta thdy ngay,
nghiém co s& dau tién ciia phuong trinh 14 3™, nghiém co so thir hai néu khong chd y t6i doc lap tuyén tinh
thi ciing c6 dang 3™. Dé tao ra su “khac biét”, ta ap dung “quy tac nhan thém n” thu dwoc nghiém co s
thir hai 1a n - 3™ va c6 thé viét cong thirc nghiém tong quét cua ham truy hdi la: a,, = ¢ - 3" +d - n - 3™

Vi du 6: Tim nghiém caa ham truy hdi:

ap, =2,
a, =6,
n=4a, 1 —4a,_,, n>2.

Da thirc dic trung cua a,, = 4a,_; — 4a,_, c6 dang r2 — 4r + 4. N6 din dén phuong trinh: r2 — 4r +
4=0.

Phan tich thanh nhan tu, ta thu duge (r — 2)2 = 0, r = 2 langhiém kép. Tai day, ap dung quy tic “nhan
thém n”, ta thu duoc nghiém téng quat cua ham truy hdi la a, =c-2"+d-n-2"ay,=c-2°+d -
0:2°=c=2,a,=c-2'+d(1)2' =2c+2d=6. Vay c=2,d =1, tac la: a, =2-2"+n-2" =
(n + 2)2™.

Dbi véi phuong trinh truy hdi tuyén tinh hé s6 hiang bac cao, tinh huéng ciing dién ra tuong tu. Viéc &p
dung quy tic “nhan thém n” 1am cho cdng viéc dugc sang to va nhanh hon rat nhidu. Bé minh hoa ta xét
mot vi du sau:

Vidu 7: Gia sir phuong trinh truy hdi cua a,,

a, —13a,_4 +70a,,_, — 202a,_3 + 337a,,_4 — 325a,,_5 + 168a,_4 — 36a,,_, = 0

¢6 phuong trinh dic trung: (r — 1)3 - (r — 2)%- (r —3)2 = 0.

N6 ¢6 cac nghiemr, =1, =13 =1, 1, = 15 = 2,75 = 1 = 3. Nghiém r;cho ham co s¢ dau tién 1a 1,
nghiém r, ciing 1a 1 nén dé tao nén sy khéc biét, ta sir dung quy tic “nhan thém n” va thu duoc ham n.
Nghiém 7, ciing 1a 1 va dé tao ra su khac biét voi hai nghi¢m trudc, ta phai hai lan &p dung nguyén tic
“nhan thém n” va thu duoc ham co sé thir ba 1a n? . Tuong tu nhu vay voi cac nghiém tlep theo, ta thu dugc
cac ham co s twong ung la 2™, n - 2™ va 3™, n - 3", Cudi cling ta c6 thé viét cong thic tong quat cua ham
truy hoi 1a: a, =a+bn+cn?+d2"+e-n-2"+ f3"+g-n-3" trong d6 a,b,c,d, e, f, g la cac
hang sé ty do.

Dbi v6i phuong trinh truy hdi tuyén tinh khong thuan nhéat hé sé hang cap 2 (ciing nhu cip n): a,, =
C1y_1 + €20, + f(n). Mot s6 dang dic biét cua ham f(n) cho phép ta doan truéc dang cua nghiém
riéng, va khi dé “nguyén tic nhan thém n” lai dwoc phét huy tac dung.

Vi du 8: Gia st a,, = 5a,,_; — 6a,,_, + 6 - 3™. DPa thirc dic trung 1a 72 — 5r + 6, nghiém cta phuong
trinh thuan nhét 1a a,, = a2™ + b3™. Budc tiép theo 1a di tim mot nghiém riéng. Dang ciia ham f(n) = 6 -
3™cho phép ta dodn dang cua nghiém riéng 1a k - 3. Thé nhung né lai ddng dang véi nghiém co so thir
hai. Vi vay dé tao nén su khéc biét, ta 4p dung quy tic “nhan thém n” va tim nghiém riéng dudi dang Q,, =
k - n - 3™. Thé vao phuong trinh truy hoi, ta thu duoc: kn3™ = Sk(n — 1)3" ' — 6k(n — 2)3""2 + 6 - 3™

Hay: 9kn3"2 = 15k(n — 1)3"2 — 6k(n — 2)3""2 + 54 - 372,

Vithé: 9kn = 15k(n — 1) — 6k(n — 2) + 54.

Tacé k = 18. Vay nghiém tdng quat cua phuong trinh truy hdi la: a,, = a2™ + b3™ + 18n3"

3. Két luan

Nhu vy bai bao di trinh bay day du vé& “Quy tic nhan thém x” va soan ra 8 vi du minh hoa. Trong d6
€6 4 vi du véi phuong trinh vi phin thuong va 4 vi du voi phuong trinh truy hoi tuyén tinh hé s6 hang.
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Nhirng vi du nay la rat can k& va da khai quat dugc hét céc truong hop. Tir ddy, ta c6 thé Iy vi du mé rong
cho céac phuong trinh bac cao hon nhu cap ba hay cap bon dé phuc vu cho viéc giang day.
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ABSTRACT
The Rule: multiplying x, making difference

Hoang Ngu Huan*
! Hanoi University of Mining and Geology

Generate a new rule, create illustrative examples to teach ordinary linear differential equations with
constant coefficients and linear recurrence relations with constant coefficients.

Keywords: Linear differential equation; recurrence relations.
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Electrochemical synthesis of polypyrrole (Ppy) on mild steel electrode
and investigation of their anticorrosive properties
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'Faculty of General Education, Hanoi University of Mining and Geology, Duc Thang Ward,
Bac Tu Liem District, Hanoi, Vietnam
2Faculty of Basic Sciences, University of Transfort and Communications
No.3 Cau Giay Street, Dong Da District, Hanoi, Vietnam

ABSTRACT

Polypyrole film (Ppy) was electrochemically synthesised with constant techniques in 0.05; 0,15; 0,25M
sodium salicylate solution and 0.1M pyrrole monomer on mild steel electrode. Fourier transform infrared
(FTIR) spectroscopy, scanning electron microscopy (SEM) techniques were used to characterize the
composition, morphology and structure of the salicylate anion — Ppy film. The obtained results showed that
salicylate anion were doped successfully into the Ppy film and the salicylate anion — Ppy films had a typical
cauliflower structure in oxidized state. Besides, the thermal stability of salicylate anion — Ppy films which
was investigated by thermo-gravimetric analysis (TGA) indicated that salicylate anion — Ppy films were
thermo-stable at temperature higher than 600°C. Moreover, the effect of dopant concentration on the
properties and corrosion prevention performance of salicylate anion — Ppy films on the mild steel with was
evaluated with electrochemical measurements in 3 wt% NaCl solution. Tafel and open circuit potential
(OCP) analysis revealed that salicylate anion — Ppy films with a concentration of 0.15M sodium salicylate
and 0.1M pyrrole, it offers the best protection against corrosion in the survey samples.

Keywords: Polypyrrole; corrosion protection; mild steel; sodium salicylate.

1. Introduction

In recent years, conducting polymers have attracted attention of many researchers and engineers of

different fields of science (L. Wang et al, 2001). Because of their conjugated double bond they possess
electronic properties similar to metals (T. V. Vernitskaya and O. N. Efimov, 1997). One especially
promising of those polymers is Polypyrrole (Ppy). (P. M. George et al, 2005). Because of its excellent
properties such as high biocompatibility good adhesion to substrate, excellent electrical and mechanical
and thermal properties, it has been widely studied and it is a promising material for many commercial
applications. Ppy can be used as electrode material for energy storage devices (T. V. Vernitskaya and O.
N. Efimov, 1997); electrochemical batteries and solid electrolytic capacitors, electrocatalyst and biosensor,
photoluminescent and electroluminescent materials, gas sensor, wires, microactuators, electrochromic
windows and displays (L. Wang et al, 2001); “artificial muscles”, and anticorrosive coatings (T. V.
Vernitskaya and O. N. Efimov, 1997).

(Lehr IL and Saidman SB, 2014; Habib A et al, 2015) One of the most important applications of Ppy is
the corrosion protection of metals. Lehr and Saidman synthesized Ppy film as two-layer film. The inner
Ppy layer was doped with molybdate and nitrate anion. The outer Ppy layer was fabricated in sodium bis
(2-ethylhexyl) sulfosuccinate (AOT). Moreover, Ppy nanocomposite could be synthesized
electrochemically. Carbon nanotube and chitosan were used as the modifier in nanocomposite as well. (Vu
Quoc Trung et al 2018) have investigated the corrosion resistance of CT3 mild steel of Ppy films
eletrosynthesized in solution of citric acid, succinic, 10-camphosunphonic..., (Ha Manh Hung et al, 2019);

The conducted research suggests that Ppy is a promising coating for corrosion protection of iron. The
choice of the sodium salicylate as electrolyte can be considered as an additional improvement. Sodium
salicylate belongs to non-steroidal, anti-inflammatory agents which reduce pain and fever. Compared to
equal doses of ASPIRIN, sodium salicylate is less effective, however it produces the same adverse reactions
as ASPIRIN. Thus, the salicylate molecules incorporated in the Ppy layer during the coating process could
act as a drug, which could be released during incorporation of the implant in human body, in possible

biomedical applications of the Ppy-coated Fe (M. Moravej and D. Mantovani, 2011).
*Tac gia lién h¢
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In this present work, the Ppy films could be synthesized electrochemically in sodium salicylate solution
at different concentrations on mild steel substrate without any pretreatment. The structural morphology of
the Ppy coating was also characterized. The corrosion protection of doped Ppy films was investigated in
3% NaCl solution.

2. Experimental
2.1. Chemicals

Pyrrole (Py) monomer (Merck) was distilled under nitrogen before using, sodium salicylate: CsHsNaOs
(M =160,11) was purchased from Merck and used without any further purifying.

2.1.1. Preparation of Ppy films

Mild steel (TISCO company, Thai Nguyen) was purchased in market with a size of 30 mm x 30 mm x
1 mm and used as substrate (C: 0.16%; Mn: 0.62%; Si: 0.15%; P: 0.010% and S: 0.042%, according to
GOST 001-2001-TCVN 1656-75 standard). The substrates were mechanically ground with SiC paper to
2000 grit, degreased in ethanol, washed carefully in distilled water and dried in air.
Potentiostat/galvanostat model Zennium (Germany) was used. The electrochemical experiments were
performed in a conventional three-electrode cell with Pt gauze as counter electrode and the silver saturated
electrode (SSE) as a reference electrode. The working electrode area was about 1.1 cm?. Electrolytes were
prepared as presented in Table 2. A Ppy film was formed on the surface of the mild mild steel with constant
current at 1,5 mA cm™2 for 60 min. After the synthesis, the Ppy film was washed many times with distilled
water and dried at 50°C in vacuum conditions.

2.1.2. Characterization of the Ppy films

Thermal gravimetric analysis (TGA) was performed by Ghimashu- 50H with a scan rate of 10°C min!
in atmospheric condition. The chemical structure of Ppy was characterized by FT-IR spectroscopies. FT-
IR spectroscopy was done by Prestige -21 (Shimadzu). EDX spectra and SEM images were obtained with
SEMHITACHI- 4800 under the energy of 10 keV. The OCP, Tafel curves were tested in solution 3% NaCl
on Zennium (Zaehner, Germany).

3. Results and discussion
3.1. Electrochemical synthesis of polypyrrole films (PPy)

Polypyrrole films were electrosynthesized in different solutions that are showed in Table 1. The current-
time curves show in Fig.1
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Fig.1. The current-time curves of electropolymerisation of Ppy indifferent solutions
Table 1. Composition of polymerized solutions

Sample Sodium salicylate Pyrrole
M1 0,05M 0,1M
M2 0,15M 0,1M
M3 0,25M 0,1M

The potential vs. time curves of doped Ppy films (on mild steel) synthesized at current density of 1,5
mA/cm? in the solution containing different concentration of sodium salicylate and 0.1 M pyrrole monomer
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was expressed in Fig. 1. Synthesized Ppy films were thin, smooth, black and homogenous. There was no
evidence of film destruction. It can be seen that M1, M2, M3 samples have a little bit difference of pyrrole
polymerization potential. M2 sample exhibited a higher potential than the others, near 0.75 V (vs.
Ag/AgClI). This can be explained by the presence of salicylate anion, the passive layer on mild steel was
thin enough to protect dissolution of mild steel, but could not inhibit polymerization of pyrrole. 0.1M of
salicylate in electrolyte was good to passive mild steel.

3.2. Morphology of M1, M2, M3 films

The morphology of M1, M2 and M3 films was demonstrated in Fig. 2. It is clearly observed that doped
Ppy films consist of a dense surface with homogeneously distributed cauliflower-shaped particles.
Concentration changes of anion salicilat do not affect on the morphology of Ppy films.
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Figure 2. SEM pictures of PPy film obtained galvanostatically (1,5 mA.cm?)
during 60 min on mild steel samples

3.3. Infrared spectrum of Ppy

The Ppy films synthesized in sodium salicylate, has identified foreign gap spectroscopy to detect
functional groups present in Ppy, confirming the existence of Ppy. Observed infrared spectrum of salicylate
anion doped samples show that: M1, M2, M3 have similar pattern and spectral position. Spectral patterns
in the range of 2356 — 2359 cm™ are typical for the valence of C — H group [27]. The patterns at
approximately 1646 cm ~! (M1), 1667 cm ~! (M2), 1667 cm ~ (M3) characterize the valence of C = O.
Since then confirmed the -COONa group in the sodium salicylate molecule was confirmed.
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Figure 3. Infrared spectrum of samples
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IR spectra of the samples: M1, M2, M3 have a spectrum pattern at about 1524 — 1531 cm ~ 1,
characteristic for vc = ¢ aromatic, vc = n. In addition, there are still patterns in 1444 — 1450 cm? that
characterize the deformation fluctuations of the N — H (8n - 1) bonds in the pyrole molecule or the
deformation fluctuations of O — H (8o _ 1) in sodium salicylate molecule. Peaks at 1016 — 1024 cm™ is
typical for C-O valence oscillation. The IR spectrum analysis results of the samples are shown in Table 2;

Table 2. IR spectrum analysis of substances

-1
M1 Number olf\Av;aves(cm ) M3 Shape Intensity Oscillate
2360 2357 2357 obtuse angle Medium Ve-H
1646 1667 1667 acute angle Medium Vc-0
1524 1531 1530 acute angle Medium Ve=C(Aren),VC=N
1444 1450 1450 acute angle Medium SN-H, 80-H
1016 1023 1024 acute angle Medium Ve-0

Infrared analysis of M1 — M3 showed that in addition to the typical peaks of Ppy, there are also typical
peaks of sodium salicylate. This proves that dichlorate ion doping process has occurred.

3.4. Thermal analysises
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Fig. 4. TGA of Ppy samples M1, M2, M3

Fig 4 Displays the thermal analysis with TGA of the samples M1, M2, M3. Under 120°C, the weight
loss originated from water inside the samples. In the range 200-500°C, the decomposition of the Ppy of the
sample produced the large weight loss observed on TGA curves. During this temperature range, the mass
of M1 — M3 samples decreased by about one third of their mass, indicating that the polypyrrole films were
decomposed. When the temperature is raised to nearly 700°C, M1 — M3 samples decompose from 72 to
91.23%. At the peaks of the DTA, the M1 is the most stable at 601°C, while the M2 is the most durable at
611°C, M3: 578°C. Heat resistance items are arranged in order: M2> M1> M3.

Table 3. Thermal analysis spectrum of samples

Temperature <200°C | 200 —500°C | 500-700°C | The remaining mass
p h . M1 2.19 31.46 91.23 8.77
erce?]:zg: (C%";”ge N M2 | 4495 33.66 72 28
M3 49 30.96 89.71 10.29
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From the above analysis table shows that at 700 °C M2 is the most stable, 28% of the mass was remained
and higher than that of the other two samples. Thereby the impact of the passive layer on the surface of
mild steel has been seen or in other words, the effect of doped salicylate on the Ppy films.

3.5. OCP open circuit over time

To investigate the corrosion protection of Ppy, OCP-time measurements were conducted in a 3% NaCl
solution as corrosive medium. The change of OCP is shown in Fig. 5 and Table 4.
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Figure 5. Open circuit potential of sample M1, M2, M3
Table 4. OCP potential and protection time of samples

Samples ESQ?QR?)I Potential and (V) Ptri?;zc(trl]c))n
Mild steel -0.573 -0.645 0
M1 0.022 -0.576 14.82
M2 0.247 -0.554 25.42
M3 0.1 -0.557 12.98

The behavior of OCP are nearly the same of all the sample M1, M2, M3. In the first period about 2 h,
OCP moved forwards positive direction, far away from the corrosion potential of mild steel. Ppy film could
provide protection for mild steel. After that, OCP of M1 and M3 could keep at positive potential at same
time and then felt down to corrosion potential of mild steel. OCP of M2 could remain in the second period
for a long time. Even, OCP shifted to more positive potential. It seemed that the self-healing mechanism of
Ppy worked. After nearly 26 h, Ppy M2 could not protect mild steel any more.

It can ben concluded that electrolyte contained 01M sodium salicylate could be a optimizes solution to
electrosynthesised of Ppy on mild steel in one step. The mild steel substrate must not any pretreatment.

3.6. Tafel curve and Ppy film’s corrosion resistance

Ppy sample was measured electrochemical polarization (Tafel curve) in 3% NaCl solution that results
show in Fig.6 and Table 5.
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Figure 6. Ppolarization curves in 3 % NaCl solution of mild steel and samples M1, M2, M3
Table 5. The corrosion potential and current of samples

Mild steel M1 M2 M3
leor (A/CmM?) 1.0. 10 5.22.10°% 9.84.10°6 3.03.10°
Ecorr (V/AQ/AQCI) -0.57 -0.1 -0.05 0.01
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It is clear to see that, all the samples M1, M2, M3 have more positive corrosion potential than that of
mild steel in 3% NaCl solution. This proves that the Ppy coatings synthesized in sodium salicylic solution
could provide resistance to corrosion and protect mild steel substrate.

Thus, the study of electrochemistry by different methods shows that all three polypyrrole films
synthesized in sodium salicylate formed on mild steel substrates show good corrosion inhibition for mild
steel. From the results of the OCP open-circuit measurement, the | / E polarization curve shows that the
polypyrrole coating synthesized in sodium salicylate solution at a concentration of 0.15M sample — M2 has
the best corrosion resistance results. This also shows the important role of anionic salicylate in inhibiting
corrosion and protecting mild steel.

The behavior of OCP are nearly the same of all the sample M1, M2, M3. In the first period about 2 h,
OCP moved forwards positive direction, far away from the corrosion potential of mild steel. Ppy film could
provide protection for mild steel. After that, OCP of M1 and M3 could keep at positive potential at same
time and then felt down to corrosion potential of mild steel. OCP of M2 could remain in the second period
for a long time. Even, OCP shifted to more positive potential. It seemed that the self-healing mechanism of
Ppy worked. After nearly 26 h, Ppy M2 could not protect mild steel any more.

It can ben concluded that electrolyte contained 01M sodium salicylate could be a optimizes solution to
electrosynthesised of Ppy on mild steel in one step. The mild steel substrate must not any pretreatment.

3.6. Tafel curve and Ppy film’s corrosion resistance

Ppy sample was measured electrochemical polarization (Tafel curve) in 3% NaCl solution that results
show in Fig.6 and Table 5.
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Figure 6. Ppolarization curves in 3 % NaCl solution of mild steel and samples M1, M2, M3
Table 5. The corrosion potential and current of samples

Mild steel M1 M2 M3
leorr (A/CM?) 1.0.10* 5.22.10°% 9.84.10° 3.03.10°
Ecorr (V/IAQ/IAQCI) -0.57 -0.1 -0.05 0.01

It is clear to see that, all the samples M1, M2, M3 have more positive corrosion potential than that of
mild steel in 3% NaCl solution. This proves that the Ppy coatings synthesized in sodium salicylic solution
could provide resistance to corrosion and protect mild steel substrate.

Thus, the study of electrochemistry by different methods shows that all three polypyrrole films synthesized in
sodium salicylate formed on mild steel substrates show good corrosion inhibition for mild steel. From the results of
the OCP open-circuit measurement, the 1 / E polarization curve shows that the polypyrrole coating synthesized in
sodium salicylate solution at a concentration of 0.15M sample — M2 has the best corrosion resistance results. This
also shows the important role of anionic salicylate in inhibiting corrosion and protecting mild steel.

4, Conclusion

The Ppy film were electrosynthesised successfully in the sodium salicylate solution on mild steel
substrate mild steel without any pretreatment. The sample was characterized with SEM, TGA, FT-IR. The
corrosion protection of Ppy film was investigated. The protection ability of Ppy film could be enhance with
sodium salicylate as dopant. The self-healing ability of Ppy film could be seen if the enough salicylate was
used. All the electrochemical results such as OCP, Tafel polarization were reliable to confirm the role of
salicylate dopant in corrosion protection. 0.15M sodium salicylate should be used to get a good film.
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TOM TAT
Tong hop mang polypyrrol (Ppy) trén nén thép non bang phuong phap
dién hoa va khao sat kha nang bao vé chong an mon

Ha Manh Hung®*, Hoang Thi Tuyét Lan?
! Truong Pai hoc Mo — Dja chat
2 Truong DPai hoc Giao théng Van tdi

Mang polypyrole (Ppy) dugc tong hop trén nén thép non bang phuong phap dién hoa trong dung dich phan
cuc V6i nong do natri salicylat lan luot 12 0,05; 0,15; 0,25M va monome pyrrol 0,1M. Bing cac phuong
phép vat ly hién dai nhu: quang phd hong ngoai bién doi Fourier (FTIR), kinh hién vi dién tir quét (SEM)
duoc sir dung dé mo ta thanh phan, hinh théi va cau tric ciia mang Ppy - salicylat. Két qua thu dugc cho
thiy anion salicylat da dwoc pha tap thanh cong vao mang Ppy. Mang PPy — salicylate thu dugc c6 cu
trac hinh sup lo dién hinh va ¢ ton tai dang oxy hoa. Bén canh d6, do bén nhiét cia mang PPy - salicylat
dugc khao sat bang phuong phap phan tich nhiét (TGA) cho thiy mang thu dwoc bén nhiét & nhiét 6 cao
hon 600°C. Hon nita, anh huong cia nong do anion pha tap salycilat dén cac dac tinh va hiéu suat chdng
in mon ciia mang phu trén thép non duge danh gia bang cac phép do dién héa trong dung dich NaCl 3%.
Phan tich Tafel (IE) va dién thé mach hé (OCP) cho thdy mang PPy téng hop trong diéu kién: natri salicylat
0,15M va pyrrol 0,1M cho kha nang bao vé chdng lai sy an mon tét nhat trong cac mau khao sat.

Tur khéa: Polypyrrol; bao vé chéng an mon; thép non; natri salicylat.
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SUSTAINABLE DEVELOPMENT

‘ Tong hop vat ligu bac photphat
bang phuong phap dong ket taa ket hop thuy nhiét

Nguyén Manh Hing*, Vii Thanh Mai?, Nguyén Thi Diéu Thu?,
Pao Viét Thang?, L& Thi Vinh%, LAm Thi Hang?, L& Thi Mai Oanh?
! Trueong Pai hoc M6 - Pia chdt
2 Truong Dai hoc S Pham Ha Ngi
8 Truomg Dai hoc Tai nguyén va Méi trueong Ha Ngi

TOM TAT

Chung ti d4 ché tao thanh cong hat nano bac photphat AgsPO4 bang phuong phap dong két tia va phuong
phap dong két tia két hop thay nhiét. Cau trlic cia vat liéu dugc khao sat thong qua phép do gian d6 nhidu
xa tia X (XRD). Hinh thai vat liéu dugc quan sat qua chup anh hién vi dién tur quét phat xa truong (FE-
SEM). Phép do phd hap thuy tir ngoai-kha kién (UV-Vis) dugc thuc hién dé khao sét tinh chat quang cua vat
liéu. Kha nang quang xuc tac cua vat liéu AgsPOs duge danh gia thong qua su suy giam nong do chét hitu
co trong dung dich. Két qua nghién ctru ban dau cho thiy, vat liéu AgsPO, ché tao duoc don pha céu tric,
kich thuéc hat trung binh khoang 200-300 nm. Vat liéu AgsPO4 c6 thé hip thu anh sang kha kién véi bo
hap thu khoang 470-520 nm va phan huay gan nhu hoan toan Rhodamine B (RhB) 10 ppm sau 60 phut chiéu
sang bang dén Xenon.

Tir khéa: Bac photphat; AgsPO4; dong két taa; thuy nhiét; quang xuc tac.

1. D3t van dé

Vit liéu bac photphat (AgsPOs) dugc cha y sau phat hién nim 2010 vé kha ning quang xiic tac rat cao
cua n6 (Yi et al. 2010). Kha nang wng dung vuot troi cua vat liéu nay xudt phat tir cac dic trung cau tric,
hinh théi bé mat va nang lugng vin g cam. AgsPO, c6 cau trac tinh thé dang lap phuong, thuéc nhom
khong gian P4-3n. Trong cau trac nay, mdi nguyén tir P hay Ag déu lién két voi 4 nguyén ti O tao thanh
cac tir dién PO, va AgOs, mdi nguyén tir O lién két véi 3 nguyén tir Ag va 1 nguyén tir P xung quanh
(Botelho et al. 2015; Kahk et al. 2014). Tir dién PO, ¢ cac dinh va tdm cua cau trac lap phuong, nhu Hinh
1. Mdi tir dién POy lién két voi 3 tir dién AgO4 thong qua mot nguyén tir O. Céc ion PO,% c6 dién tich am
I6n duy tri mot ludng cuc dién trong AgsPO4, dan dén sy bién dang cua tir dién AgOs. Dam may dién tir
I6n cia PO, s& hit cac 15 tréng va diy cac dién tr lam phan tach cac cap dién ta-18 tréng. Cau trac nay
cua AgsPO4 tao nén hiéu irng quang xuc tac caa vat liéu (Ma et al. 2011).

@

. . B
Hinh 1. Cau truc tinh thé ldp phirong AgsPOa va md ta cac tir dign PO., AgO4 (Botelho et al. 2015)

*Tac gia lién h¢
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Do d6 rong viing cam hep, vat liéu AgsPO4 6 kha ning quang xuc tac rit cao trong qua trinh tach O, tur
nuge cling nhu phan huy thuée nhuom hitu co khi duoc kich thich bang anh sang kha Kién. Do rong ving
cam cua AgsPO; khoang 2,36 eV néu coi chuyén muc nang luong la gian tiép, con trong trudng hop coi
chuyen muc nang luong la truc tiép thi do rong viing cim khoang 2,43 eV (Yi et al. 2010). Do vay, AgsPO4
c6 thé hap thu birc xa véi budc song nho hon 530 nm va ma rong sang vung anh sang kha kién.

Cac nghién ctru d chi ra mot s6 phuong phap khac nhau nham 6n dinh ciu truc, tinh chét va ting cuong
hon nita kha ning quang xtic tic ctia AgsPO4trong viing anh sang kha kién. Mot trong cac cach do la ché
tao AgsPO4 vai cac hinh thai va cau trac vi md khac nhau, tir d6 thay doi dién tich bé mat riéng cua vat ligu
dan dén cai thién hiéu qua xuc tac (Wang et al. 2013). Bi va nhom nghién cuu (Bi et al. 2011) da ché tao
AgsPO; don tinh thé co dang 12 'mit hinh thoi va dang lap phuong, mau & ca hai dang nay déu c6 hoat tinh
xuc tac quang cao hon so voi mau c6 hinh dang cac qua cau. Wang va cong su (Wang et al. 2012) da tong
hop vat lidu AgsPO; cau trac tinh thé dang tir gidc cd micro mét, vat liéu cé hoat tinh quang xuc téc cao
hon AgzPO; dang hinh cau.

Trong nghién ctru nay, chiing t6i bude dau tong hop vat licu AgsPO4 bang phuong phap dong két tia két
hop thity nhiét va danh gia hiéu suit quang xdc tac cua vat liéu tong hop duoc.

2. Phwong phap nghién ciu
2.1. Thuc nghiém

Phuong phap ddng két tua: Dau tién, dung dich AgNO;3 (dung dich A) dugc chuan bi bang cach can
0,5096 g mudi AgNOs hoa tan vao 150 ml nudce cat. Tiép dén, 0,142 g Na,HPO,.12H,0 dugc hoa tan vao
50 ml nudc cét, thu duoc (dung dich B). D4 tir tir dung dich B vao dung dich A va khudy tir trong 3 gio &
nhiét @6 phong dé tao thanh cac hat két tia mau vang dong nhét (dung dich C). Loc rira két taa nhiéu lan
bang bang nudc cat. San pham sau loc rira dwoc say khd trong khdng khi & 100 °C dwoc mau APO-100.
Mot phan mau APO-100 tiép tuc duoc nung né 400 °C trong thoi gian 2 gio, thu dugc mau APO-400.

Phuong phéap ddng két taa két hop thity nhiét: Thuc hién qué trinh dong két tia dé tao thanh dung dich
C nhu trén. Dung dich nay duwoc cho vao binh Teflon, day kin va thuc hién qué trinh thay nhiét ¢ nhiét do
160 °C trong thoi gian 2 gio. Sau d6, dé ngudi dung dich xubng nhiét d6 phong va loc rira mau nhiéu lan
dé loai bo cac ion. San pham dau loc rira dugc siy kho trong khdng khi & 100 °C dwgc mau APO-HT.

a) [ ddAgNO, }-'-\ dd Na,HPO, | b) [ ddAgNO, Dd Na,HPO, |
IR '
. ;‘-Q ~ Khudy tir & nhiét o phong g"; £ Khuéy tir & nhiét do phong
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Loc rira bang nudrc cat l
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AgPO, (APO-100) | v

Nung & 400°C Loc rira bang nudc cat
trong 2 gi¢r Séy kho & 100°C
Ag;PO, (APO-400) AgsPO, (APO-HT)

Hinh 2. So d6 quy trinh ché tao vt ligu AgsPO4 bang phirong phdt dong két tiia (a)
va phuong phdp dong ket tua két hop thay nhiét (b).
Bang 1. Piéu kién ché tao va ki hiéu mdu fuwong ung

Ki hi¢gu mau AgsPO4 Phwong phap va diéu kién ché tao
APO-100 Phuong phap dong két taa, xi Ii nhiét & 100 °C
APO-400 Phuong phap dong két tua, xi Ii nhiét & 400 °C
APO-HT Phwong phap dong két tua két hop thity nhiét ¢ 180 °C trong 2 gid

Kha niang quang xuc tac cua hé vat liéu AgsPOs dugc thir nghiém vai dung dich Rhodamine B (RhB) cd
nong do 10 ppm, dudi sy kich thich ciia anh sang dén Xenon va anh sang Mt troi. Dau tién, 0,06 g AgsPO4
dugc cho vao 100 ml dung dich RhB, khuy tir trong diéu kién khong chiéu anh sang trong thoi gian 30
phit dé vat lidu dat trang thai hap phu bao hoa. Sau d6 dung dich dugc dem ra chleu séng, cur sau 15 phat,
mét luong nho dung dich duoc lay ra, li tim loc két tua va dem do xac dinh ndng do RhB con lai trong
dung dich.

2.2. Phwong phdp phdn tich

CAu tric cua vat liéu duoc khao st bdi phép do gian d6 nhiéu xa tia X thuc hi¢n trén h¢ do D8-Advance
véi buc xa Cu-Ko. Hinh thai bé mat cia vat liéu AgsPO. dugc thuc hién boi phép do SEM thuc hién trén
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hé Hitachi S-4800. Kha ning quang xiic tac cua vat liéu duoc danh gia thong qua phép do phd truyén qua
tai bugc song 552 nm trén may Jassco L1 tai phong thi nghiém Trung tdm Khoa hoc va Céng nghé Nano,
Truong Dai hoc Su pham Ha Noi.

3. Két qua va thao luan

Gian dd nhidu xa tia X (XRD) cua cac mau AgsPO4 ché tao ¢ cac diéu kién khéc nhau bang phuong
phap ddng két tua va phuong phap ddng két tua két hop thuy nhiét & nhiét do 180 °C duoc trinh bay trén
Hinh 3.

=
S
L <5 - §s
—_ — o - o
S s %3“3%‘@’8‘%%
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s
>
Z . l“ | |, _Apo-400
D
£
T
JCPDS 06-0505
L coe e
T T T T T T

20 30 40 50 60 70 80

) 5 2-theta (deg.) ) )
Hinh 3. Gian do XRD cua cac mau AgsPO4 ché tao ¢ cdc diéu kién khac nhau

Trén gian ¢6 XRD cua cac mau APO-100, APO-400 va APO-HT déu xuat hién cac dinh tai vi tri goc 26
khoang 20,8; 29,5; 33,2; 36,4; 42,4; 47,7; 52.,6; 54.,9; 57,1; 61,5; 71,7 6. Déi chiéu véi thé chuan JCPDS
s6 06-0505 cuia tinh thé AgsPO4 trong thu vién ICDD, ta thay cac dinh phd tuong tng véi ho cac mat phéng
mang (110), (200), (210), (211), (220), (200), (310), (222), (320), (321), (400) va (421). Vi tri cac dinh pho
ctia tat ca cac mau trung khop voi the chuan, chung to mau ché tao duoc hoan toan don pha AgsPO,. Theo
thé chuan nay, tinh thé AgsPO4 cd cau tric tinh thé dang lap phuong, thugc nhém khong gian P4-3n.

Céc théng s6 mang tinh thé cia cac mau APO-100, APO-400 va APO-HT duogc tinh toan théng qua
phan mém Unicell dya vao gian d6 XRD duoc trinh bay trén Bang 2.

Bang 2. Thong sé mang tinh thé ciia cac mau APO-100, APO-400 va APO-HT

Miu APO-100 APO-400 APO-HT
Hang s6 mang a (A) 6.03 6.029 6.00
Thé tich 6 mang V (A% 219.19 217.94 214.34

Anh hién vi dién tir quét phét xa truong (FE-SEM) cia cac mau APO-100, APO-400 va APO-HT dugc
trinh bay trén Hinh 4. Két qua cho thay mau APO-100, APO-400 dugc ché tao bang phuong phap ddng két
tua co kich thudc hat kém ddng déu hon cac hat cia mdu APO-HT dugc ché tao bang phuong phap dong
két tuaa két hop thuy nhiét. Kich thuéc hat wde lugng duoc trong khoang 200-300 nm. Trén anh FE-SEM
ctia cac mau APO-100 va APO-400 con quan sat thay su két dam cua cac hat, diéu nay dy doan lam giam
dién tich bé mat riéng, dan téi giam hiéu ang quang xUc tac cua cac mau. Viéc nghién ciu dé ché tao cac
mau c6 kich hat thudc nho, ddng déu va it két dam can duoc tiép tuc dé ¢ thé ting kha ning quang xuc tac
cua vat liéu.

APO-100 &

y

Hinh 4. Anh FE-SEM cua cac mau AgsPO4
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Dé nghién ciru kha nang quang xuc tac cua cac mau APO-100, APO-400 va APO-HT khi duoc téng hop
bang phuong phap va diéu kién khac nhau, chung toi danh gia kha nang phan hay dung dich RhB 10 ppm
duéi sy chiéu xa cua dén Xenon. Két qua quang xdc tac phan huy dung dich RhB dugc trinh bay trong Hinh
5. Két qua cho thdy, qua trinh hap phu xay ra trong 10 phut dau tién va bdo hoa sau 30 phat khudy trong
bong toi.

Két qua trinh bay trén Hinh 5 cho thay kha ning quang xtc tic ciia cac vat ligu AgsPO; ché tao bing
phuong phip dong két tia xir I & 100 va 400 °C khong c6 su khac bi¢t Io6n. Ca hai mau APO-100 va APO-
400 déu thé hién kha nang phan huy RhB tét, RhB trong dung dich gan nhu bj phan huy hoan toan sau 90
phdt chiéu sang bang dén Xenon. Mau AgsPO4 dugc ché tao bang phuong phap dong két tua két hop thity
nhiét phan hity gan nhu hoan toan RhB trong dung dich sau 45 phut chiéu sang cting diéu kién trén. Toc do
phan hiy RhB ciia mau APO-HT cao hon so v6i mau APO-100 va APO-400. Diéu nay duoc du doan do
mau APO-HT c6 d6 két tinh tét hon, kich thuéc hat ddng déu hon. Trong khi d6, & cac mau APO-100 va
APO-400, hinh thai bé mat vat li¢u kém dong nhat hon, c6 su két dam ciia cac dam hat tinh thé, lam giam
dién tich bé mat va dan dén giam hiéu suit phan tng quang xuc tac.

jl.nldll Light-on
10 i\
"""""\\ ~H-APO-400 ~ ]
, -@-APO-100 -
o \ O\ —A-sporT
08 \ )
iy \ \\\\
() A
0.4 \
\ X
02
v\
00 —g\§!EEl ,,,,,
-30 0 30 60 90 120

Time (min.)
Hinh 5. Su suy giém nong dg RhB trong dung dich theo thoi gian chiéu sang
khi su dung chat xdc tac lan ot la APO-400, APO-100 va APO-HT.

Dé danh gia vai tro cua cap dién ta-15 tréng trong qua trinh phan huy RhB & phan tng quang xuc tc,
ching t6i da thi nghiém “bay” cc dién tir bang chat isopropyl alcohol (IPA). Trong thi nghiém nay, ching
t6i tién hanh thi nghiém vai vat liéu APO-100 va nong do IPA lan luot 12 0,006; 0,06 M. Thi nghiém quang
xuc tac duoc tién hanh tuong tu nhu trén, chi khéc 1a chat IPA véi cac nong d6 khac nhau dwoc st dung
trong mdi lan thi nghiém. Két qua vé su suy giam nong d6 RhB trong thi nghiém duoc so sanh vai két qua
cua thi nghiém khdng st dung chit IPA (Hinh 6). Két qua trén Hinh 6 cho thiy, hiéu tng quang xuc tac
giam khi c6 su tham gia cua IPA trong qué trinh phan ung. Khi khong st dung chat IPA, sau 60 phat chiéu
sang, RhB trong dung dich gan nhu bi phan hity hoan toan (duong IPA 0 trong Hinh 6). Khi dung chit IPA
ndng d6 0,006 M, sau 60 phut chiéu sang, RhB bj suy giam ndng d6 khoang 90%. Néu st dung chit IPA
ndng d6 0,06 M thi ndng do RhB chi suy giam 40% sau 60 phut chiéu sang. Diéu nay chi ra rang, dién tir
¢6 vai tro déng ké trong phan tng quang xdc tac cua vat ligu AgsPO,. Day 1a mot két qua kha thi vi, két
qua nay goi y trong nghién ctru tiép theo vé& vat lieu AgsPO4 khi thuc hién viéc pha tap hodc tao vét lieu t6
hop nham tao ra sy linh déng cho dlen tir trong ciu trac dé ting cuong kha nang quang xtc tac.

1.0 H 1 1
—m-PAO -
08 —@— IPA 0,006

\\ —A—PAOOS |

AN

04

cic,

0.2

0.0

\\
\\\\ S
0 30 6'0 $;0 150
. Time (min.) .
Hinh 6. Sw suy giam nong dg RhB trong dung dich theo thoi gian chieu sang
khi si dung chat bay dién tir IPA ¢ cac nong dé khac nhau
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4. Két luan

Trong nghién ctru nay, chung t6i da tong hop thanh cong vat liéu AgsPO4 don pha cau tric bang phwong
phap dong két taa két hop xir Ii nhiét va két hop phuong phéap thay nhiét. Vat liéu AgsPO4 ¢6 cau tric tinh
thé dang lap phuong, thudc nhém khdng gian P4-3n véi kich thudc hat 200-300 nm. Vat liéu ¢6 hiéu tng
quang xdc tac tét khi phan huy Rhodamine B nong d6 10 ppm duéi sy chiéu sang cua dén Xenon. Phan
g quang XUc tac xay ra gan nhu hoan toan sau 60 phut chiéu sang. Nghién ctru ban dau chi ra vai tro dang
ké cua dién tir trong qué trinh quang xuc tac cua vat liéu AgsPO..
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ABSTRACT

T Synthesis of silver phosphate materials by co-precipitation method
combined with hydrothermal method

Nguyen Manh Hung®”, Vu Thanh Mai?, Nguyen Thi Dieu Thu?,
Dao Viet Thang?, Le Thi Vinh!, Lam Thi Hang?, Le Thi Mai Oanh?
! Hanoi University of Mining and Geology
2 Hanoi National University of Education
3 Hanoi University for Natural Resources and Environment

In this study, silver phosphate materials were prepared by co-precipitation method combined with
hydrothermal method. The structure, morphology and optical properties of material were investigated by
X-ray powder diffraction (XRD), field emission scanning electron microscopy (FE-SEM), UV-Vis
absorption spectroscopy. Photocatalytic activities of AgsPOs samples were tested in photocatalytic
degradation of Rhodamine B (RhB) in liquid phase under visible light irradiation. After 60 minutes of reaction,
the conversion reached the value of 100%.

Keywords: Silver phosphate; AgsPO4; co-precipitation method; hydrothermal method; photocatalyst.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Squeezing function and fridman invariant in some C"_domains

Nguyen Thi Lan Huong**
! Hanoi University of Mining and Geology

ABSTRACT

The study of biholomorphic invariants has been attracted much attention in the complex differential
geometry to enhance the comprehension and application of biholomorphic classification of complex
domains. The squeezing function, the Fridman invariant, and the quotient invariant by using the
Caratheodory and Kobayashi-Eisenman volume elements, have received increasing interest as
biholomorphic invariants in recent years. We particularly consider both the squeezing function and the
Fridman invariant associated to a certain class of pseudoconvex domains in C" in this paper.

Keywords: Holomorphic mappings; Fridman’s invariant; squeezing function.

1. Introduction

The first, we show that any non-degenerate C-convex domain in C" is uniformly squeezing; the second,
we show that if a bounded domain Q is exhausted by a bounded strickly pseudoconvex domain D with C2
boundary, then Q is holomorphically equivalent to D or the unit ball, and show that a bounded domain has
to be holomorphically equivalent to the unit ball if its Fridman’s invariant has certain growth condition
near the boundary; and the last, we show that if the squeezing function sa(n;) tends to 1 or the Fridman
invariant ha(n;) tends to 0 for some sequence {n;} < Q converging to &, then this point must be strongly
pseudoconvex.

2. Preliminaries

Let O be a domain in C™ and p € 2 . For a holomorphic embedding f: 2 — B™ with f(p) = 0, let us
define: s () = sup{r > 0: B(0,7) c f(2)}, where B(z,;r) ¢ C" denotes the complex ball of radius r

with center at Z;and B™denotes the complex unit ball B(0,1). Here, we denote:
R = {real numer};
C = {complex number};
C"={(zy,......zn) that z; € C};
B" = {(z1,.....,zn) that |zj| < 1}.
Definition 1. The squeezing function s,: 2 — R is defined as s, (p): = sup{s,, f(p)}.
f

Note. 0 < s,(z) < 1 for any point z € 0.
Let 2 be a bounded domain in C™* and let B, (p, r) be the Kobayashi ball around p of radius r > 0. Let

R be the set of all » > 0 such that there is a holomorphic embedding f: B™ — 2 with B, (p, r)c f(B").
Note that R is non-empty.

Definition 2. The Fridman invariant is defined by h, (p) = irelifn Z
T

T
Definition 3. Let {Qj}::l be a sequence of open sets in C™ and £, be an open set of C™. The sequence
{.Qj}::l is said to converge to Qo (written lim#2; = ) if and only if:
(i) For any compact set K c 2,; there is an j, = j,(K) such that j > j, implies that K < £;, and
(ii) If K is a compact set which is contained in Qi for all sufficiently large j, then K c 0.
3. Results

Let Q be a bounded domain in C* with smooth boundary 92 and &, € 3. Suppose that 92 is
pseudoconvex of D’Angelo finite type nearé,. Then it is proved that &, is strongly pseudoconvex

if zel:lzrllfosﬂ(z) =1.

* Corresponding author
Email: nguyenthilanhuong@humg.edu.vn
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Suppose that 812 is pseudoconvex of D’ Angelo finite type near &, and lims,, (le) =1orlimh, (nj) =
j—oo jooo

0. They proved that if the sequence {nj} c 2 converges to &, along the inner normal line to 9 até,,
then &, must be strongly pseudoconvex.
Moreover, this result was obtained for the case that n; < (2 converges nontangentially to &, and for the case

! ) - nontangentially to an h-extendible boundary point &,.

Mp-1

that n; < £ converges (mL
1

3.1. Boundary behavior of the squeezing function of C-convex domains and plane domains

Many properties and applications of the squeezing function and the uniformly squeezing manifolds have
been explored by various authors.

By (Andersson, 2004), any convex bounded domain in C" is uniformly squeezing. Our first aim is to
extend this result to a larger class of domains.

A domain D in C" is called C-convex if any nonempty intersection of D with a complex line is a simply
connected domain. Then C™D is a union of hyper-planes (see (Andersson, 2004). This easily implies that
if D is degenerate, i.e. containing complex lines, then D is linearly equivalent to C x D’, and hence sp = 0.
On the other hand, we have the following.

Theorem 1. There exists a constant ¢, > 0 such that sp > ¢, for any non-degenerate C-convex domain D in
cn.

As an application of Theorem 1, we shall prove briefly one of the main result in (Nikolov, 2011) (whose
original proof is close to that of (Kim, 2016).

Denote by vp, xp and Bp the Caratheodory, the Kobayyashi and the Bergman metrics of D. It is well
known that yp <xpandyp < Bo (if Bo is well defined). Moreover, if D is a convex, respectively C-convex,
domain, then yp = kp by the Lempert theorem, respectively «kp < 4yp by (Nikolov, 2011). Then theorem 1
and the estimate s""'pBp <vVn + 1x;.

Bo is comparable with yp and xp on any non-degenerate C-convex domain D in C" up to multiplicative
constants depending only on n.

3.2. Fridman Invariant, squeezing functions and exhausting domains

We show that if a bounded domain Q is exhausted by a bounded strictly pseudoconvex domain D with
C? boundary, then Q is holomorphically equivalent to D or the unit ball, and show that a bounded domain
has to be holomorphically equivalent to the unit ball if its Fridman’s invariant has certain growth condition
near the boundary.

Theorem 2. Let D be a bounded strictly pseudoconvex domain in C" with C? boundary. If a bounded domain
Q < C" can be exhausted by D, then Q2 must be biholomorphic to D or the unit ball B".

Another result in this note about exhausting domains is the following.

Theorem 3. If a bounded domain © can be exhausted by a homogenous regular domain, then Q is
homogenous regular.

Another purpose of the present note is to give a boundary estimate of hp. By comparing with squeezing

functions, we consider a variant ep of hp which is defined by: h;'(z) = log 1+ep(@)

1-ep(2)’
Then ep(z) € (0, 1] and is set to be 1 if hp (z) = 0.
Theorem 4. Let D = C" be a bounded domain and p € oD be a C? boundary point of D. If there is a sequence
zi € D (j > 1) converging to p and a sequence of positive numbers &j (j > 1) converges to 0 such that ep (z;)
> 1 - g d(z) for all j, then D is biholomorphic to the unit ball, where 3(z) denotes the distance between z
and oD.

3.3. Behaviour of the squeezing function and Fridman invariant

Let Q be a domain in Cn. Suppose that 0Q is smooth pseudoconvex of D’Angelo finite type near a
boundary point g5 € 0Q and the Levi form has corank at most 1 at . Our goal is to show that is the
squeezing function sa(n;) tends to 1 or the Fridman invariant ha(n;) tends to 0 for some sequence {n;} < Q
converging to €, then this point must be strongly pseudoconvex.

Let Q be a bounded domain in C™ with smooth boundary 92 and &, € 002. Suppose that 9. is
pseudoconvex of D’Angelo finite type near ;. Then it is proved in (Deng, 2016; Diederich, 2014) and
(Kim, 2016) that &, is strongly pseudoconvex if ZEl!iergos!2 (z) =1.

Now we consider a sequence {77]'} C {2 converging to &,. Suppose that 92 is pseudoconvex of D’ Angelo
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finite type near &, and lims,(n;) = 1 or limhy(n;) = 0. In (Joo, 2018; Mahajan, 2019) and (Mahajan,
jooo jooo

2019), they proved that if the sequence {nj} C 2 converges to &, along the inner normal line to 92 at &,
then &, must be strongly pseudoconvex (for details, see [9] for n = 2 and (Mahajan, 2019) for general
case). Moreover, this result was obtained in (Nikolov, 2018) for the case that n; 2 converges

nontangentially to &, and in (Ninh, 2019) for the case that n; < £ converges (mL ! ) -
1

Mp-1
nontangentially to an h-extendible boundary pointé&, (for definition, see (Ninh, 2019). Here
(1; my;...; my,_q) is the multitype of 802 at &, and the h-extendiblility at {,;means that the Catlin multitype
and D’Angelo multitype of a0 at &o coincide (see (Yu, 1994).
Throughout this paper, we consider a smooth bounded domain Q in C" and a point &, € 3.2 such that 0.2
is pseudoconvex of D’ Angelo finite type near &, and the Levi form has corank at most 1 até,. In this paper,
we prove the following theorem.

Theorem 5. Let Q be a bounded domain in Cn with smooth pseudoconvex boundary. If €,is a boundary
point of Q of D’ Angelo finite type such that the Levi form has corank at most 1 at &, and if there exists a

sequence {n;} € Q such that limn; =&, and limsg(n;) =1 orlimhg(n;) = 0, thendQ s strongly
jooo jooo jooo

pseudoconvex até.

As a consequence, we obtain the following well-known result (see (Nikolov, 2019; Kim, 2016; Borah,

1994).

Corollary 6. Let Q be a bounded domain in C"with smooth pseudoconvex boundary. If &, is a boundary

point of Q of D’ Angelo finite type such that the Levi form has corank at most 1 at §, and if ElfilmE sa(2) =
ZEN-E)

lor El(ilm.E hqo(z) = 0, then dQ is strongly pseudoconvex at &.
ZEQ—E

It is known that the boundary point &, in our situation is h extendible. Therefore, if {nj} converges

(i e, — ) - nontangentially to&,, then &, is strongly pseudoconvex as mentioned above. However,

) )
my Mn—-1

we emphasize here that {nj} C (2 is an arbitrary sequence converging to,. For the proof of Theorem 1.1,

as in (Kim, 2016) we also utilize the scaling method by Pinchuk to show that the complex unit ball B" is
biholomorphically equivalent to a model

n-—1
Mp =14(z4,...,2,) € C":Re(z,) + P(24,7,) + Z:Izal2 < 0],
a=2
where P is a non-zero real-valued subharmonic polynomial of degree2m, where 2m is the D’ Angelo type
of 00 até,.

Acknowledgement. The author thanks to Professor Ninh Van Thu and Professor Hyeseon Kim for
discussions.
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TOM TAT
Ham Squeezing va bat bién Fridman invariant trong mot s6 mién phirc

Nguyén Thi Lan Huong!
! Truong Pai hoc Mo-Dja chat

Dé nang cao sy hiéu biét va ing dung cua lop cac ham song chinh hinh trong mién phic, viéc nghién ciru
cac bat bién song chinh hinh da thu hat dwoc nhiéu su chi y trong hinh hoc vi phan phic. Trong nhitng
nam gan day, cac nghién ctru bang cach sir dung phuong phép cua Caratheodory va Kobayashi-Eisenman
vé ham Squeezing, bat bién Fridman va bat bién phan thuc da nhan dwoc ngay cang nhiéu sy quan tam, vi
d6 1a cac bat bién song chinh hinh. Trong bai bao nay, chaing tdi nghién ctru ca vé ham squeezing va ca bat
bién Fridman, lién quan dén mot 16p mién gia 16i nhat dinh trong C".

Muc dich cuia bai bao nay la khai quat mot sé vin dé vé ham Squeezing trong mot s6 mién phuc.

Trudéc hét, ching toi chi ra rang bat ky mién 16i C khong suy bién nao trong C" déu 1a mot squeezing chuan.
Tiép theo, chling t6i chi ra rang néu mot mién bj chan Q tiém can voi mot mién gia 16i D c6 C2-bién, thi ©
tuong duong chinh hinh véi mlen D hoc hinh cau don vi, va chi ra rang mién bi chan phai tuong duong
chinh hinh véi hinh cau don vi néu bat bién Fridman cua n6 c6 xu huong thac trién téi bién. Va cudi cang,
chung t6i chi ra rang néu ham squeezing so(n;) tién toi 1 hodc bat bién Fridman ha(n;) tién téi 0 véi mot
day {nj} = Q hoi tu dén &, thi diém nay phai la gia 15i manh.

Tir khéa: Ty dang cau; bat bién Fridman; ham Squeezing.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Nghién ctiru cdng nghé truyén ning lugng khong day
dinh hudng tng dung cho cac thiét bi khai thac ham 10
Bui Hitu Nguyén®2*, Nguy&n Manh Hung?, Téng Ba Tuan!

! Truong Pai hoc Mé - Pja chdt, Viét Nam
2 Truong Dai hoc Kyung Hee, Han Quac

TOM TAT

Trong linh vyc khai thac khoang san ham 16 nhu thai thac than, khai thac dau khi, van d¢ an toan chay no
dugc dwa nén hang dau boi vi mac &6 nguy hiém va thiét hai hét stic nghiém trong, to I6n vé ngudi va tai
san néu nhu xay ra tai nan. Mt trong nhitng nguyén nhan chu yéu cua tai nan chay nd trong ham 10 1a do
su ro ri dién nang tir nhitng diém dong ngit trong cac thiét bi chiéu sang, thiét bi khai thac, 1am phéat sinh
c4c tia lra dién gay chay no khi ton tai trong cac duong dng, dudong ham khai thac.

Trong béo céo nay, chling t6i nghién ciru céng nghé truyén ning luong khong day (WPT) tng dung trong
qua trinh khai théc va san xuat khoang san ham 16 nham nang cao mirc do an toan truyen tai dién ning va
giam thiéu tai nan chay nd. Céng nghé WPT két ndi giita cac thlet bi tiéu thu dién ning thong qua cong
huong tir treong, dién truong trén cac cudn ang-ten ma khong can st dung cac thiét bi dong ngét tiép xtc
dién nhu cong tc, aptomat. Sur dung tan s6 fo = 13,5 MHz, véi hé théng 4 cudn cong hudng chung toi dat
duoc hiéu suat truyén dan 92% & khoang cach truyén 22 cm.

Tir khoa: Truyén nang luong khéng day; cong huong tir.

1. D3t van dé

Cong nghé WPT duogc dé xuét va thuc nghiém bai Nikola Tesla vao nam 1891 (Tesla 1891). Céng nghé
WPT gilip cung cap ning lugng dién téi cac thiét bi ma khong can két ndi bang day dan hoic cap dién, vi
vay cong nghé nay rat tién loi cho rat nhiéu ung dung nhu trong cong nghiép (Kindl et al. 2020; Wu et al.
2020) va dan dyng (BAYRAKTAR and YILDIRIZ 2020; Hasaba et al. 2019), ciing nhu trong mot s6 linh
vuc dic biét nhu y hoc (Zhang et al. 2019), quan su (Masrur and Cox 2019), v.v.. Cho dén nay, cong nghé
WPT da thu hut nghiéu nha khoa hoc nghién ctu va phét trién vi kha ning wng dung manh mé cua ching.
Trong twong lai, WPT s& la mét trong nhitng céng nghé tién tién gép phan vao sy phét trién nén van minh
nhén loai.

Gan day, viéc khai thac khoang san ham 10 dugc st dung nhiéu hon do nhiing khé khin trong viéc khai
thac 16 thién da dat dén do sau “t6i han” ca vé thiét bi ki thuat Ian tinh kinh té. Trong ham 10 khai thac
khoang san nhu ham 16 khai thac than, c6 nhiéu loai khi tich tu trong duong 10, nhiéu tai khi trong long dét
dé chay nd nhu khi metan. Nguy co chdy n6 khi metan, nd bui than la rat cao khi phat sinh sy ro ri di¢n
nang tir nhing diém dong ngat trong hé thong dién mo. Vi vdy, viéc nghién ciu tng dung cong ngh¢ khong
day WPT trong truyén tai dién nang ¢ cac mo ham 16 nham nang cao mirc d6 an toan truyén tai dién, giam
thiéu nguy co tai nan chay né do tia lira dién 1a can thiét, c6 kha nang g dung, tinh hiéu qua cao va la xu
thé cuia thoi dai. Ngoai linh vuc khai thac khoang san ham 10, cdng nghé WPT con ¢6 thé tng dung trong
nhleu linh vuc khac do viéc truyén ning luong khong day ¢6 thé thuc hién trong cac moi truong khi co
nong do cao va cac moi long nhu nudc bién.

2. M6 hinh ly thuyetrva phwong phap mo phéng
2.1. M6 hinh ly thuyét mach dién twong dwong

Hé théng WPT sir dung bén cudn day bao Rs
gom hai cudn day ang-ten Cuon-1,4 va hai —
cuon day cong huong Cuon-2,3 ¢ tan sd o
cong huong la fO = 13,5 MHz. Hinh 1 1a md
hinh mach dién cua hé thdng bén cudn day.
Tro khang cta cac cudn day dugce xac dinh Cuénday-l  Cugnday-2 Cudn day-3 Cusn day-4
theo cong thue (1). Hinh 1. M& hinh mach dién cia hé thang bon cugn day

*Tac gia lién h¢
Email: buihuunguyen@humg.edu.vn
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Zy =Rs +R + joly; Zz=R2+ja’L2+.l ;
joC

_ . T (1)
Z;=Ry+ jolg+——; Z,=R_+R,+jol,
JaCy
trong d6: Rq, R, lan luot 1a cac dién tré trong ctia ngudn phat va tai.
Hé s6 lién két giita cac cuon day duoc xac dinh theo cong thirc:
M;; =k L (2)
Ap dung dinh luat Kirchhoff, hé phuong trinh dién &p trén cac cudn duge xac dinh theo cong thirc:
hZ, +i, joM;, =Vg
i,Z, +i joMy, +i3 joM,3 =0

. o e 3)
Giai hé phuong trinh (3), ta thu dugc ti s6 dién ap Vi/Vs nhu sau:
=3
Vi _ Jo"MMosMay (R + R ) 4)
Vs Z,Z,Z5Z, +Z3Z,0° M + Z,Z,0° M2, + 2, Z,0° M 3 + 0*MEMZ,
Hé sé truyén qua Sz duogc xac dinh theo cong thie sau:
R
Sy|= = 5
sul=2t 22 ®
Dé dat hiéu qua khi do thong sé Syi, dién tré trén cac dng-ten can gia tri nhu sau:
Rs +R, ~ R, +R, ~50(Q)
Cong thirc tinh hiéu suat PTE cua hé thong duoc xac dinh theo cong thic sau:
2
2 A
PTE =100|S,,|* ~100 255 (6)
S

Dua trén cong thuc (4), (5) va (6), ¢o thé thay hiéu suét truyén nang luong qua hai cuon day chiu anh
huaong bai cac hé s6 lign két kij cua cac cudn day cam ung trong hé théng. Cac hé s6 lién két ki phu thuge
vao khoang cach va tinh chat dién moi ciia méi trudng xung quanh céc cudn day. Vi vy, dé dat dugc higu
suét truyén ning luogng cao nhat, ching toi can phai tdi wu hoa cac hé sé lién két nay. Bing phuong phap
tinh toan va md phong, chung toi di khao st sy anh huong cua khoang cach truyén, goc quay giita cac
cudn day toi hiéu suat cua hé thong.

2.2. M6 hinh mdé méng trén HFSS

Hinh 2 md ta h¢ thong WPT sir dung bon cudn day dugc xay dung trong phan mém md phong HFSS
cung céc ki hiéu khoang céach va goc. Cac cudn day duoc lam bang ddng (Cu) va c6 duong kinh day quan
Ia5 mm. Cudn CD: va CDy c6 kich thuéc gidng nhau. Khi hoat dong, cuon CD; dwgc ndi voi nguon cong
suit phat RF tai tin s 13,5 MHz va cudn 'CD4 dugc ndi VOI tai.

Hai cuon cong hudng CD; va CDs glong hét nhau vé théng sé vat 1i. Mdi cudn duoc thiét ké 6 vong
cung trén mot mat phang va khodng tréng gitra cac vong 1a 3 mm. Vi thiét ké nay dién cam cua cuon day
dugc x4c dinh bang phan mém Q3D 1a 12,837 pH va giira hai dau day cua cac cudn nay dwoc han véi tu
dién c6 dién dung 10,8 pF dé tan sb cong huong cua cac mach 1a 13,5 MHz. Théng s6 ky thuat cua cac
cudn dwoc mo ta chi tiét trong Bang 1. Hé s6 kos phu thudc vao d; va o duoc xac dinh bing phan mém Q3D,
mé ta chi tiét trong Bang 2 va Bang 3.

Z

(a) (b) (©
Hinh 2. (a) M6 hinh mé phéng cua hé thong truyén nang heong sir dung bon cugn day, (b) khoang cach
giira cac cugn ddy, (c) goc quay o giira CAc cugn day.
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Bang 1. Thong sé ki thudt cua cac cugn day

Cugn-1 (CD1) | Cudn-2 (CD2) | Cufn-3 (CD3) | Cudn-4 (CDa)
R Q) 50 0,56 0,56 50
L (uH) 0,685 12,837 12,837 0,685
C (pF) - 10,8 10,8 -
Tan s6 cong hudéng (MHz) - 13,5 13,5 -
S6 vong 1 6 6 1
Ban kinh cudn day (cm) 13 10 10 13
Ban kinh tiét di¢n ddy (mm) 2 2 2 2
Khe h¢ giita cac vong (mm) - 3 3 -
k12 K23 K34 di (cm) d2 (cm) ds (cm) a(°)
0,328 0,068 0,328 5 22 5 0-90
Bdng 2. Su thay déi gia tri hé so lién két kos theo khodng cach d;
d2 (cm) 5 6 7 8 9 10 11 12 13
ka3 0,45 0,38 0,33 0,29 0,26 0,23 0,21 0,18 0,16
d2 (cm) 14 15 16 17 18 19 20 21 22
ka3 0,14 0,13 0,12 0,11 0,099 0,09 0,082 0,075 0,068
dz (cm) 23 24 25 26 27 28 29 30
ka3 0,062 0,057 0,053 0,048 0,045 0,041 0,038 0,036
Bang 3. Sur thay doi gié tri hé so lién Két kos theo goc quay a
a (°) 0 10 20 30 40
ka3 0,0686 0,0685 0,0686 0,0685 0,0674
a (°) 50 60 70 80 90
ka3 0,0638 0,0554 0,041 0,021 0,002

Chung tdi thiét lap chuong trinh mé phong véi dai tan sb tir 10 &én 17 MHz véi budc nhay 14 0,02 MHz.
Dé khao sét sy anh huong cua khoang céch giira cac cuon dén hiéu suét truyén niang luong, ching toi cd
dinh khoang cach d; va ds trong khi d, thay dbi tir 5 &én 30 cm. Truong hop khao sat sy anh huéng cua goc
quay « téi hiéu suat truyén niang lugng, chung toi dat khoang cach dz = 22 cm va thay déi géc quay o tir 0
dén 90 do. Cac két qua dat dugc duoc ching tdi thao luan & phan tiép theo.

3. Két qua va thao luan

Hinh 3 1a két qua so sanh hé s6 truyén qua S va hiéu suat truyén nang luong PTE khi khoang céch d;

thay d6i. Két qua cho thay tring khép gitra phuong phap mo phong va phuong phép tinh toan ly thuyét

theo mé hinh mach dién tuong duong. O Hinh 3(a), hé s6 truyén qua Sz1 giam khi khoang céch d, ting 1én.

Diéu nay duoc giai thich 1a do hé sé lién két ks gitra cuon cong huong CD, va CD3 giam khi d, ting. Theo

két qua mo phong khi d tang tir 22 dén 30 cm thi S gidm twong Gng tir 0,99 t6i 0,77, va theo két qua tinh
toan bang cong thuc (5) thi Sz1 giam tuong ting tir 0,98 toi 0,77 tai tan so 13,5 MHz. C6 thé thay rang, ket
qua md phong khé tring khop vai két qua tinh toan theo cdng thic Ii thuyét.
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Hinh 3. (a) Két qua so sanh hé so truyén qua Sz va (b) hiéu sudt PTE giita hai phiong phdp mé phong
va tinh toan ly thuyér khi thay doi khoang cach truyen nang lwong ds

Hinh 3(b) 1a két qua so sanh PTE giira md phong va tinh toan Iy thuyét. K&t qua cho thy, higu suat bj
giam khi khoang céch d; tang 1én. Theo két qua md phong, khoang céch ds tang tir 22 dén 30 cm thi PTE
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giam tuong Gng tir 99 t6i 77%, va theo két qua tinh toan theo cong thirc (6) thi PTE giam tuong ting tir 98
t&i 77% tai tan s6 13,5 MHz.

d, (cm)

(a)
Hinh 4. Hé s truyén qua Sz thay doi theo d, trén do thi 2-D (a) va trén do 3-D (b)

Hinh 4 trinh bay két qua khao st S khi d thay ddi tir 5 dén 30 cm. D6 thi cho thay khi d; tang tir 22
cm t6i 30 cm thi duong dac tinh Sy1 chi cd mot dinh cong huong tai 13,5 MHz. Nguoc lai khi d2 giam tur
22 cmtéi 5 cm, trén duong dac tinh Sz ¢6 hai dinh cong huong va khoang céch gitra hai dinh cong hudong
nay tang dan khi d, giam. Diéu nay duoc giai thich khi dz giam dan t6i hién twong hd cam giita hai cuon
day tang 1én, két qua Ia tin sb fo ctia hai cuon day da tach thanh hai tan s6 f va fu (fL < fu) duge xac dinh
theo cdng thirc (Hong and Lancaster 2001):

2 2
ot 7
f2+ 2

=

H

nh 5. (a)-(b) Phan bé tir trwong va (c)-(d) phan bé dién trieong trén hé théng truyén ndng hrong
tuong ung voi dz = 25 cm va 30 cm.

Hinh 5(a)-(b) md ta sy phan b mat do tir truong cua hé thbng WPT 4 cudn day twong (ng véi khoang
cach d, = 25 va 30 cm tai goc a = 0°. Tir d6 thi cho thdy mat do tir truong phan bé trén cuon CD; va CDy
tai d2 = 25 cm 16n hon tai gié tri d2 = 30 cm. Hinh 5(c)-(d) m ta sy phan bd mat d6 dién truong cua hé
thdng. Két qua cho thay mat do dién trudng phan bé trén cuon CD3 va CDy tai d2 = 25 cm ciing 16n hon tai
d> =30 cm.

1.0 — — 100 L : :
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Hinh 6. (a) Ket qua so sanh h¢ so truyen qua Sz va (b) hi¢u suat PTE giia hai phuong phdp mé phong
va tinh toén ly thuyér khi thay déi géc quay a
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Hinh 6 md ta su so sanh hé sb truyén qua Sz; va hiéu suat truyén ning luong PTE khi goc quay « thay
d6i. Két qua cho thay tring khop gitra phurong phap mo phong va phuong phép tinh toan 1y thuyét theo mo
hinh mach dién tuong duong. Hinh 6(a) cho thy hé s truyén qua Sz bi giam khi goc quay « ting 1én. Diéu
nay dugc giai thich 1a do hé sé lién két ks giita cuon cong huong CD, va CD3 giam khi o tang. Theo két
qua md phong khi « = 0, 30, 60, 70 va 90° thi Sz1 giam tuong tng 12 0,99, 0,98, 0,94, 0,77 va 0,33. Theo
két qua tinh toan ly thuyét thi Sz giam twong ting tir 0,98, 0,97, 0,95, 0,78, va 0,33 tai tan s 13,5 MHz.

PR

10
0 10 20 30 40 50 60 70 80 90

a(’)

(@)
Hinh 7. (a) Két qua khdo sat hé sé truyén qua S thay doi theo o trén do thi 2-D va (b) trén do 3-D

Hinh 7 m6 ta két qua khao sat Sy khi o thay déi tir 0 dén 90° tai khoang céach dz = 22 cm. Két qua cho
thdy khi géc a tang dan tir 0 dén 50° thi hé sé truyén Sz suy giam khong dang ké. Khi goc a ting tir 30 dén
80° thi hé sb truyén qua suy giam nhanh va gan nhu bang 0 tai géc a = 80° va cho téi 90°. Nguyén nhan la
do khi géc a tang dan, luong tir thdng cuia cudn CD2 quét qua cudn CDs giam dan, vi vay Sy suy giam
tuong ung. Dic biét, khi géc a trong khoang 80-90° gan nhu tir thdng tir cudsn CD2 khéng quét qua cudn
CDs, do d6 Sz1 gan nhu bang khong.

Hinh 8. (a)-(b) Phan bé tir trieong va (c)-(d) phan bé dién trueong trén hé thong truyén ndng heong
twong ung Vdi goc o = 0° va 70°

Hinh 8(a)-(b) mé ta su phan bé mat do tir truong caa hé thdng WPT 4 cudn day twong tng véi goc o =
0° va 70° tai khoang cach dz = 22 cm. Tir dd thi cho thdy mat do tir truong phan bd trén cuon CD3 va CD,
tai goc o = 0° 16n hon tai gia tri goc a = 70°. Hinh 8(c)-(d) md ta sy phan b mat do dién trudong cua hé
thdng. Két qua cho thdy mat do dién truong phan bd trén cuon CD3 va CDy tai goc o = 0° ciing 1on hon tai
o =70°.
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Hinh 9. So sanh Sz; va hiéu sudt cua két qua md phang, két qud tinh toan ly thuyét,
va két qua do tai d, = 10 cm (a)-(b) va d2 = 30 cm (c)-(d)

Hinh 9(a) so sanh hé s truyén qua Sp; giita két qua md phong, két qua tinh toan Iy thuyét va két qua do
tai khoang cach dz = 10 cm. D6 thi cho thy két qua do tuong ddi tring khép véi két qua mé phong va tinh
toan ly thuyét. Trén duong dac tinh Sy, ta thay xuét hién hai dinh cong huéng tai 12,1 va 15,3 MHz tuong
g v&i Sz tir két qua md phong 14 0,99 va 0,91, va két qua do 14 0,93 va 0,91. Hinh 9(b) so sanh hiéu sut
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tuong ng tai khoang cach d, = 10 cm, két qua cho cho thay hiéu suat do dugc 16n nhat tai 12,1 va 15,3
MHz twong tng 12 86,49 va 82,81 %. Hinh 9(c) so sanh hé sé truyén qua Sz giita cac két qua mé phong,
két qua tinh toan ly thuyét va két qua do tai khoang cach dz = 30 cm. Trén duong dic tinh Sz, ta thay xuat
hién mot dinh cong huong tai 13,5 MHz twong Gng Vai Sy tir két qua md phong 1a 0,77, va két qua do 1a
0,7. Hinh 9(d) so sanh hiéu suét twong ung tai khoang céach d, = 30 cm, két qua cho cho thay hiéu suat do
duoc tai 13,5 MHz 1a 59,29 %. St dung phuong phap phdi hop tro khang trén cac cuon CD; va CDg, két
qua nghién ctru thu dugc higu suat truyén ning lugng cao hon khi so sanh véi hé thong 2, 3, hay 4 cugn
trong nhirng nghlen ctu truge day (Tang et all. 2016; Kiani et al. 2011)
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Hinh 10. So sénh Sz va hiéu sudt cua két qua mé phaong, két qud tinh toan ly thuyeét,
va két qua do tai a = 0° (a)-(b) va o = 70° (c)-(d), véi khoang cach d, = 22 cm
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Hinh 10(a) so sanh hé s truyén qua Sy gitra cac két qua mo phong, két qua tinh toan ly thuyét va két
qua do tai & = 0° va khoang cach d, = 22 cm. D4 thj cho thay két qua do twong ddi tring khép véi két qua
md phong va tinh todn ly thuyét. Gia tri Sy tir két qua md phong l1a 0.98 va két qua do 1a 0,96. Hinh 10(b)
s0 sanh hiéu suat twong g tai = 0°, két qua cho cho thay hi¢u suat do duoc tai 13,5 MHz 12 92,16 %.
Hinh 10(c) so sanh hé so6 truyén qua Sy gitra cac két qua mé phong, két qua tinh toan ly thuyét va két qua
do tai @ = 70°. Trén dudng dic tinh Sy, ta thiy xuat hién mot dinh cong huong tai 13,5 MHz tuong tng voi
Sa1 tir két qua md phong 12 0,77, va két qua do 1a 0,7. Hinh 10(d) so sanh hi¢u suat twong g tai o = 70°,
két qua cho cho thay hiéu suat do duoc tai 13,5 MHz 1a 49 %.

4. Két luan

Trong bai bao nay ching t6i da nghién ctru xay dyng mé hinh ly thuyét va thuc nghiém phan tich hiéu
suat cua hé théng WPT 4 cuén day, khi thay ddi khoang céch truyén va géc quay giira cac cuon. Két qua
do va mo phong triing khép vai két qua tinh toan Iy thuyét. Trong pham vi khao sat, hiéu sut cua hé théng
dat duoc t6i 92% tai khoang céch truyén Ia 22 cm. Tuy réng, dy méi & nhirng két qua nghién ciru ban déu,
nhung chung t6i hy vong sém c6 nhiing tng dung truyen nang lugng khong day trong hé thong dién ham
10 dé giam nguy co chdy nd khi. Trong nghién cau tiép theo, chdng toi s& ma rong diéu kién bai toan, dua
thém céc tham s anh huong nhu nhiét do, ndng do khi, cac loai khi. .., dé téi uvu hoa hé thdng.
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ABSTRACT

Application of wireless power transfer technology
for underground mining equipment

Bui Huu Nguyen®?*, Nguyen Manh Hung?, Tong Ba Tuan*
! Hanoi University of Mining and Geology, Vietnam
2 Kyung Hee University, Korea

In the field of oil, gas, and underground mining where has stringent requirements of the health, fire safety,
and the environment because it has severe consequences when having an accident. The primary cause of
the chamber blast is the leakage of electricity appearing on the switch points in the lamp and mining
equipment, giving rise to sparks causing the gas explosion in the pipes and tunnels.

In this work, we investigate a new wireless power transfer (WPT) technology applied in the process of
mining and producing mineral to improve the fire safety condition of electricity transmission and electricity
distribution. The WPT technology operates inspired by the magnetic or electric resonance of the antenna
coils without contact points such as switch and circuit breaker. By using a resonant frequency of 13.5 MHz
and four coils system, we can obtain an efficiency of 92 % at 22 cm distance.

Keywords: Magnetic resonance; wireless power transfe; WPT.
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E RS v ~_ HOINGHI TOAN QUOC KHOA HOC TRAI AT
Jakmsaenas o /A TAINGUYEN VI PHAT TRIEN BEN VIPNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Cac ham that thoat trong van dé phan loai

Lé Bich Phugng"*, Pham Tuan Cwong?, Ta Quang Chiéu*
! Truong Dai hoc Mo - Dja chat

TOM TAT

Trong hoc may vi phan (differential machine learning) ching ta thuong str dung phuong phap ludng
gradient ngau nhién cho ham that thoat dé tim diém “gan nhu cyc tiéu” ciia ham that thoat tuong ng véi
thuat toan phan loai “gan nhu t6i uvu”. Mic cho vai trd quan trong cia ham thét thoat, cho dén hién nay co
so ly thuyét cho cac ham thét thoat chua dugc phat trién diing muc. Bai bdo nay cua ching tdi 1a mot dong
g6p cho viéc xay dung co so |y thuyét nay.

Tir khoa: Ham that thoat; ludng gradient; asymmetric loss functions; sharp loss functions.

1. D3t van dé

Bai bao nay 1a mot nghién ciru hién nay cua ching tdi vé viéc thiét ké va xay dung cac ham that thoat
trong hoc may vi phan. Trong bai bao nay, dé cho viéc trinh bay duoc rd rang dé hiéu, ching t6i s& chu yéu
xét bai toan phan loai nhi phan, mic du hau hét cac bai toan phan loai tong quat khac déu cé thé dugc xur
1y tuong tu.

Ham that thoat chiém mot vai tro v6 cling quan trong trong hoc may. Tuy nhién trudc nim 2000, viéc
nghién ctru ham thét thoat it dwoc dé tam vi cac nha khoa hoc cho rang day chi 1a van dé tinh toan va khong
anh huong dén két qua cudi ciing cia mé hinh hoc may. Hién nay céc nha khoa hoc da chu y nhidu hon dén
cac tinh chat caa ham that thoét va anh hudng cia chung dén sy hoi tu cua cac thdng sb trong phuong phéap
ludng gradient ngau nhién (stochastic gradient flow). Tuy nhién, van con thiéu mot Iy thuyét day di vé ham
that thoat.

Muc dich cuia bai bao la gop phan phat trién mot ly thuyét vé ham thit thoat. Cu thé 1a sau khi nhéc lai
nhiing thiét 1ap chung vé hoc vi phan ¢ Muc 2 ching ta s& ching minh mot s6 két qua Iy thuyét va thyc
nghiém sau ddy: 1. M6 hinh t5ng quan cua hoc may vi phan 2. Céc ham that thoat khong ddi xung tot hon
cac ham that thoat ddi xung, dac biét 1a d6i véi cac van dé co sy mat can bang nghiém trong vé dit liéu gita
cac 1op khac nhau, 16p nay c6 qua it dix liéu so vai 16p kia.

2. Cosé'ly thuyet va phuong phap nghién ctru
2.1. M6 hinh téng quan vé hec may vi phan

Ching ta Se’nhac lai & ddy mot md hinh tong quan vé qua trinh hoc may vi phan cho bai toan phan loai
nhi phan. Ta co6 dinh mét s6 ky hiéu nhu sau:

* o ki hiéu cho khong gian dau vao, bao gom tat ca cac tinh huong co thé xuat hi¢n trong bai toan,
cung véi do do xac suat » i )

Vidu < tap cac anh trong bai toan phan loai nhi phan phat hién ho: danh c6 con h6 va anh khong co

con ho trong do.

® Ye: Q@ —{0,1} laground truth (gia tri that) cia ham phan loai nhi phan. Viduy, , (x)=1 neu va chi
néu anh 12 anh c6 con hé trong do.

o Mot mo hinh hoc may la mét anh xa:

M :Qx© —{0,1}, @
trong d6: © biéu thi khéng gian cac tham sb cd thé hoc caa md hinh hoc may nay. Pdi voi mdi lra chon
cac tham s € € ® thi mo hinh m cho ta du ra 1a mot ham du doan:

Yoreaic =M, 12— {0,1}. )

« Trong qua trinh hoc vi phan, ngudi ta thuong thay thé ham c6 gia tri roi rac y ., boi mot ham tron
lién tuc hau khip:

y=DM, :Q—[0,1], ©))

*Tac gia lién h¢
Email: lebichphuong@humg.edu.vn
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c6 thé duoc hiéu 1a “xac sudt”, “kha ning” hodc “mirc do tin cay” trong mot dy doan nhi phan: ta dat
Yoreai =1 KNi Yy >0.5 (hodc mot ngudng khéc nao do), va Y cang gan 1 thi ta cang tin tuong vao du doan
nay. oy ‘ ﬂ ,

Vidu trong bai toan phat hi¢n ho, néuy ... =0.99 thi may ndi rang anh c6 ho véi do tin tudng rat
cao, Néu y, .., = 0.65 thi my coi la anh c6 vé ¢ ho nhung khong chic chan Iam, con néuy ... =0.03
thi c6 thé coi 1a may khong nhan ra c¢é hé trong anh.

S6 chiéu cua khong gian ® chinh 12 s6 cac tham sé ma mo hinh may c6 thé hoc. Sb chiéu nay co thé Ia
nho (vai don vi hoic vai chuc, vai traim) trong cac mé hinh hoc may don gian (vi du nhu trong mot mé sb
bai toan hdi quy wdc lugng gia tri), va ciing c6 thé rat Ion, dén hang chuc triéu hoic hang tram triéu, dac
biét la trong cac mé hinh hoc sau (deep learning) cho xir ly phan loai cac anh huong sir dung CNN
(convolutional neural network — mang than kinh dung tich chap trén céc tensor).

Khi ngudi ta ndi vé hoc sau, n6 c6 nghia la oM duoc thiét ké bang cach két hop nhiéu I6p ham / toén
tir don gian. Co sa Iy thuyét cho kha niang xap xi mot ham bét ki nao bai hop ctia cac ham don gian da dugc
ching minh bai nguyén |y chdng chét cua Kolmogorov.

e Qua trinh hoc trén md hinh w12 mot hé dong luc (ngau nhién, roi rac, thoi gian hiru han) trén khdng
gian tham s6 0:

O>61>0,>...>0, .. (4)

sao cho Véi n nao do thi ta dat dwoc M, & mot xap xi tét nhat co thé cua Yy -
e Ham do d¢ chinh xac nh; phan (binary accuracy function):
S( elytrue) {Xte M ( ) ytrue (X)}’ (5)

va cac ham tuong tu, nhu 1a sensitivity (ti 1& dirong ding (true positive): tong sb cac trudng hop thuc sy
duong tinh dugc may xac dinh la duong tinh chia cho tong sb cac trudng hop thuc sy duong tinh) va ham
specificity (ti I¢ am dung (true nagative): téng s6 cac truong hop that sy am tinh ma dwoc may xéac dinh la
am tinh chia cho tong so cac trudng hop that sy am tinh), dugc s dung dé do d6 chinh xac cia mé hinh.

Trong thyc hanh, s(M™m,, y,,, ) dugc tinh bang thuc nghiém, dua trén viéc kiém tra két qua trén mot tap

ngau nhién N truong hop x, € Q,i=1,..,N khéng duwoc sir dung trong qua trinh hoc (diéu nay ciing
tuong ty nhu 13 viéc ra dé bai kiém tra (jéi v6i hoc sinh: cac bai kiém tra phai co nét tuong tu nhung khac
SO VGi cac bai da dugc chira trén I6p, dé kiém tra xem hoc sinh ¢ kha nang ap dung kién thirc khéng hay
chi 1a hoc vet thoi):
k=L...,N;M, (X )= Yy (X
S(Mg’ytrue):|{ BN( k) yt ( k)}|: (6)
Tap cac x, khong dung dé hoc ma dung dé kiém tra nhu vay dwoc goi 1a tdp xac nhgn (validation set)
hoac tdp kiém tra (test set) (tiy theo ai 1a ngudi thyuc hién viéc kiém tra nay: nguoi tao ra md hinh may, hay
1a ngudi sir dung may):
e Trong qué trinh hoc vi phan (differential learning), ngudi ta thay thé ti 18 16i 1—s (Mg, Vi ) DOT MOL
ham goi 12 ham th4t thoat (loss function):

L:o->R (7
6 tinh kha \{i lién tuc hau khip noi (continuously differentiable almost everywhere). Noi mét cach truc
giac, ham that thoat  phai dugc chon sao cho gia tri cia . cang thap thi (tng véi d6 chinh xac ctia may
cang cao. )
Ham that thoat . khong dugc tinh truc tiép tr mo hinh nhi phén n , ma la tr md hinh vi phan omn
bai cbng thie tich phéan (lay trung binh):
L(0) = _£(DM, (X), Ve (X)) Py, ®)
trong do: . 1a mot ham thét thoat tinh cho timg diém, va c6 tinh chét lién tuc kha vi hau khap.
Khi c6 ham that thoat ., ngudi ta st dung phuong phép giam gia tri theo luong gradient (gradient
descent) dé tim gi4 tri cc tham s6 @, c0 tinh chat “hau nhu cuc tiéu hda (almost minimizes)” .
 NGi mot cach don gian, qua trinh hoc vi phan dugc xac dinh nhu sau. Bt ddu véi mot by tham sé
6, €® (hogc la mot gia tri ngau nhién, hodc mot gia tri “da dugc hoc tir trudc, nay hoc tiép”). O buoc i

trong qué trinh hoc, ta dat:

6 1+6.,=6-avL(6)+m(6,-6,,), ©)
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trong d6: @ >0 duogc chon 1a sb duong nho, goi 1a t7 1¢ hoc (learning rate), V ki hiéu cho gradient, va
m(6, —6,,) lamjt “momemtum” nho (du &m tir bude trude) duge thém vao cong thic.

e NGi chung khong thé tinh chinh xac gia tri cua gradient VL (). Ngudi ta chi co thé tinh toan né theo
phuong phap thong ké lay trung binh, sir dung mot mau dir liéu twong ddi nho (di nho dé co thé cho vao
bo nhé hoat dong cua bo vi xir ly caa may tinh) goi 1a batch & mdi bude, va do d6 ludng gradient dwoc goi
1a luong gradient ngau nhién.

e Ludng gradient thuc su cia mot ham sé thi khdng nhat thiét tién toi diém cuc tiéu toan cuc, ma hay bi
mac ket tai nhitng diém cuc tiéu dia phuong (co gi tri cao hon so véi cuc tiéu toan cyc) va tai nhitng diém
“yén ngya” (khong phai cuc tiéu nhung c6 ¢ao ham toan phan bang 0). Bé tranh céc tinh hudng nhu vay
va dé cho qué trinh hoc ¢ nhiéu kha ning tién dén nhirng diém gan dat gid tri cuc tiéu toan cuc hon, ngudi
ta thém vao céc thanh phan “momentum” kiéu nhu m(g, —¢, ,) duoc Viét ¢ phia trén vao cong thirc. Nhu
vay, trén thuc té, nguoi ta sir dung luong gradient cé tinh ngau nhién va cé mommentum (stochastic gradient
flow with momentum), thay vi luong gradient thuan tdy. Trén thuc té, ngudi ta c6 thé dang nhiéu lya chon
cong thirc khac nhau cung c6 dang diéu chung kiéu gradient cho qua trinh hoc, khéng nhit thiét phai 1a
cbng thirc ding nhu trén.

2.2. Hién trong mdt can bang di ligu, qua mgt mé hinh do choi don gian
2.2.1. M6 ta md hinh
Trong md hinh nay, khong gian diu vao < chi la mot khoang: o — [a,b[ - Ham phan loai nhi phan sy

that (ground truth) ctia van dé Ia mot ham hang s6 theo khiic, nghia 13, <> chia thanh mot s6 khic con, va
trén moi khuc thi ham 1a hang so:

Q=u, [a'i'ai+1[' (10)
V6i a=a,<a <..<a,=b va sy that la: y,,. =1 trén O =Ufa,,a,,,] V& VY =—1 trén
Q =Ula,,., ay.,[ - (Thay Vi ldy gia tri 0 va 1 cho phan loai nhj phan, ¢ day ta ldy 1 va -1 dé dac trung

cho dwong tinh vé’ém tinh). . . )
Moi bo tham s6 trong mo hinh d6 choi nay gom » tham sé @ = (4, ....,8, ) - Du doan nhi phan cua mo
hinh s& 12 M, (x) =—1 NéU x e U]a,,,,a,.,[ - R rang, md hinh dat do chinh xac téi da 100% khi cac
tham s6 0 = (4,....,0,) tring khop véi cac hé s6 a = (a,....,a, ) Cia ham sy that.
Vi y, khéng kha vi nén trong md hinh hoc may vi phan nay ta chon mot ham kha vi g dai dién cho
n6 va phu thugc vao , tham sé (g,

0,) c6 dang nhu sau:

g(6’1,....,6’n,x):H(—qﬁ(x—ei)), (11)
& do g(x) 1amot ham I¢ (#(—X)=—4(X)) don digu tang trén <, va Iom (co dao ham bac 2 12 ham am)
A A 3 _ 2 i =+ .
trén R, théaman 4(0)=0 va lerEo¢(X) +1

X

Vidy, taldy ¢(x)= Earctan(x), hodc ¢(x) = VGi ¢ 1a mot sb thue duong bat ky. Ching ta sé
T

X% +e€
khong ban khoan nhiéu vé cong thic chinh xac cia ham 4(x).
Do tinh chét ciia ham s6 (x) nén ham sé g(e,,...,0,,x) €O gia tri nam trong khoang ]-1,1] ; no la

duong hoic bang 0 trén tap Ula,, ay,,,] Va am trén tap u]am, am[ . Boi vay, ham du doan cia md
hinh la: )

M, (@) =1 NéU g(6,»)=>0, (12)
va: M, (@)=0 NéU g(0,w)<0. (13)
Chuing ta khong biét cac gia tri cia (a,,.....a, ), Va mudn tim chiing bang cach sir dung luong gradient

ngau nhién ctia ham that thoat sau:
b
L(6)= j((@, x)dx, (14)

trong do:
0(6,%x) =1— Yo (X) 9 (6, %). (15)
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Y nghia ctia ham thét thoat theo diém ¢(6,x) dinh nghia phia trén nhu sau: gia tri cua that thoat tai moi
diém nam trong khoang tir 0 dén 2; néu doén dung 16p, tic 13 g (o, x) VA v, (x) €6 ciing dau, thi that
thoat nho hon 1, con néu doan sai 16p thi that thoat Ion hon 1. That thoét tai diém x < Q = [a,b] ma cang

nho (cang gan 0) thi c6 nghia 1a g (o, x) phai cang gan .1 va co dau tring véi Ve (X) , e 12 may

doan diing mot cach “cang chic chin” vé gia tri cua y(x) cho diém .
Thay vi xét ham that thodt, ta c6 thé xét ham thu thdp (gain function):

0)= _T Yo (X) 9 (6, x)dX, (16)

1a nguoc lai cua thit thoat: cuc tiéu cua thétﬂthoét la cuc dai cua thu thap. That khdng may, néi chung gia
tri cuc dai ciia ham G (@) khong dat tai diém ¢ =(a,,....,a,) trong khong gian tham so, la tham s6 cho
phép may M, du doan chinh xac hoan toan, ma la tai mot diém tham sé khac, may ra thi gan diém
(a,,.....a, ), &g v&i mot méy M, du doan khong chinh xéc bang.

'Noi cach khac, noi chung, phuong phéap hoc vi phan véi ham thit thoat nhu trén (hoic voi bat ki ham
that thoat nao khéc cho van dé du doan nhi phan ¢ day) s€ khéng cho ching ta mé hinh du doan véi d6
chinh xéc 109%, ngay ca khi mé hinh do ton tai. Thuc té nay c6 thé thiy rd trong truong hop chi mot
tham s6 co the hoc (n=1).

2.2.2. Truong hop véi mét tham so
Ménh dé: Vai cac ky hi¢u trén, trong truong hop n=1, g (6,x) =—¢(x—6), taco:

i. Truong hop can bang. Néu b—a, =a, —a, tic 1a a = (a+b)/2, thi 4 1a diém cyuc dai cua ham thu
thap G (o).

ii. Truong hop thién vi. Néu b—a >a —a nhung |b+a-2a]| du nho thi 6 dat cuc dai khong phai tai
diém @ =a, ma tai mot diém lan can trong khoang [a,a,[ -

iii. Truong hop qua chénh léch. Néu a, —a nho hon b-a, va nho dén mic g(b—a,) > 34(a, —a), thi
khi d6 dao ham cuia G 1a ham am trén khoang [a,b] va diém cyc dai cua G trén khoang [a,b] 1 diéma.

Trong ménh dé trén, a, —a hiéu la d¢ I6n cia tap duong tinh trong mé hinh, con b-a, 1a do lon cua
tap am tinh. Trudng hop 1) 1a truong hop can bang, khi hai d6 16n ndy bang nhau; trudng hop i) 14 truong
hop ¢6 nhiéu dir liéu &m tinh hon duong tinh, con truong hep iii) la truong hop ¢6 qua it dix liéu duong tinh
so voi dix liéu am tinh.

3. Két luan

Mot trong nhitng van dé quan trong dé cai tlen mo hinh hoc méy 1a thay doi ham thét thoat, bai béo
nay dong g6p mot phan vao noi dung d6. Pay 1a van dé con méi, cac téc gia hi vong s& ¢ nhiing nghién
ctu tiép theo dé cai thién tot hon.
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ABSTRACT
On loss functions for classification problems

Le Bich Phuong®*, Pham Tuan Cuong?, Ta Quang Chieu?
1Hanoi University of Mining and Geology, Vietnam

In differential machine learning, one uses a stochastic gradient flow with respect to a loss function on the
parameter space to find an “almost minimal” point of the loss function, which would correspond to an
“almost optimal” predictor. Somehow, a proper theory of loss functions is still missing, despite their
importance. Our paper is a contribution towards the construction of such a theory.

Keywords: Loss function; differential machine; gradient flow; asymmetric loss functions; sharp loss
functions.
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CAu trac, tinh chat sét tir, sat dién caa vat liu BiFeOs
va Bio,sREo,1Fe0,975Ni0,02503 (RE = Gd, Nd, Y)

Dao Viét Thang"*, Nguyén Thi Diéu Thu', H5 Quynh Anh?, Nguyén Manh Hung!
! Truong Dai hoc M6 - Dja chat

TOM TAT

Vit liéu da pha dién tu BiFeO3 (BFO) va BiggoREo 1Fe, 975Nlo 02503 (RE Gd, Nd, Y) duogc ché tao bang
phuong phap sol-gel. Cac dic trung ciu tric, tinh chat sat tir, sit dién cua hé vat liéu dugc khao sat bang
cac phép do nhidu xa tia X (XRD), phd tan sic ning luong tia X (EDS), anh hién vi dién tir quét (SEM),
chu trinh tir tré (M-H), chu trinh dién tré (P-E). Két qua EDS chi ra cac mau ché tao c6 thanh phan héa hoc
la phu hop. Phan tich két qua XRD cho thay vat liéu BFO co cau trac mat thoi, hing sé mang a = 5,583 A;
¢ = 13,869 A, kich thuéc tinh thé Lxrp = 64 nm. Ddi véi véi cac mau pha tap dong thoi (RE, Ni), hiang sé
mang va kich thuéc tinh thé déu giam so véi mau BFO. Anh SEM cho thay hinh thai bé mat cac mau la
ddng déu, kich thudc hat khoang 2 pm ddi véi mau BFO, kich thudc hat nho hon 2 pm ddi véi cac mau
pha tap ddng thoi (RE, Ni). Két qua M-H cho thdy tit ca cac mau thé hign tinh chat st tir yéu, mau BFO co
M = 0,053 emu/g va M, = 0,004 emu/g, tinh chét sat tir cua vat liéu BFO pha tap dong thoi (RE, Ni) dwoc
cai thién tét hon so vai vat liéu BFO. Két qua P-E cho thay tit ca cac thé hién tinh chit sit dién, mau BFO
¢6 Ps = 0,31 pC/em? va Py = 0,19 uC/em?, tinh chat sat dién cua vét ligu BFO ciing duoc cai thién tét hon
khi pha tap ddng thoi (RE, Ni). Trong bao céo nay, chung t6i thao luan vé& ngudn gdc cua tinh chat sat tur
va sat dién cua vat liéu BFO va vat liéu pha tap dong thoi (RE, Ni).

Tir khoa: vat liéu BFO, pha tap ddng thoi (RE, Ni), XRD, tinh chit sét tir, tinh chat sit dién.

1. Pit van dé

Vit liéu da pha dién tir 1a vat liéu thé hién dong thoi tinh chat sat tir (hodc phan sit tir), sat dién va sat
dan hoi goi chung la tinh chat “ferroic”. Céc tinh chat nay lubn c6 su twong tac qua lai véi nhau nho higu
g tir dién (magnetoelectric) (Eerenstein, 2006; Luo, 2012). Do dé, ta ¢6 thé tir hoa vat liéu bang dién
truong (hoac tir truong), thay d6i d6 phan cuc dién bang dién truong hoic tir truong (Eerenstein, 2006;
Khikhlovskyi, 2010). Nho vy, vat liéu c6 nhiéu irng dung thyc té nhu: thiét bi da chirc nang, thiét bi chuyén
dbi co dién, thiét bi doc va ghi tir, cac cam bién, ... Trén thuc té, do tinh canh tranh gitra tinh chét sét dién
va sat tir nén vat liéu da pha dién tir rit hiém gap trong ty nhién. Vat liéu BiFeOs (BFO) la mét trong sé rat
it vat liéu ton tai tinh chét ferroic tw nhién. Vat liéu nay thé hién ddng thoi tinh chat phan sét tir véi nhiét
d6 chuyén pha Neél Ty ~ 643 K, tinh chit sit dién vai nhiét 6 chuyén pha Curie Tc ~ 1100 K (Li, 2008;
Mazumder, 2007). O diéu kién nhiét d6 phong, BFO cé tir d bdo hoa (Ms) va d phan cuc dién bio hoa
(Ps) nho nén lam giam kha nang trng dung cta vat liéu.

Cac nghién ctru trude day da chi ra tinh chat sat dién va sat tir cua vat lisu BFO c6 thé cai thién bang
cach pha tap cac ion kim loai chuyén tiép nhom 3d nhu Ni2*, Co?*, Mn?,... vao vj tri Fe3* (Annapu Reddy,
2013; Dai, 2012) hoic pha tap cac ion déat hiém nhu Gd®*, Nd3*, Y3*, Ho%*,... vao vi tri Bi3* trong ciu tric
cua vat liéu nén BFO (Minh, 2011; Thang, 2020; Yuan, 2007). Cac nghién ctru gan day cho thiy khi pha
tap ddng thai cac ion dat hiém va kim loai chuyén tiép vao vat liéu nén BFO, tinh chat sét dién va sét tir
cua vat liéu dugc cai thién t6t hon so vai khi chi pha tap ion dat hiém hozc kim loai chuyén tiép o cung
ndng d6 (Kuang, 2016; Y.J. Yoo, 2015; Ye, 2015). Pay la hudng nghién ciru méi hira hen mang lai nhiéu
tinh chat mai va th vi.

Trong bao c4o nay, chung toi nghién ctru sy thay dbi cdu trac tinh thé, tinh chat sit dién, st tir cua vat
liu BFO khi pha tap dong thoi cac ion dat hiém RE3* (RE3* = Gd®, Nd®, Y3*) va ion niken (Ni%*). Dya
Vvao cac nghién cau trude day, nong do pha tap duoc chon la 10% mol dbi véi ion dat hiém RE®* va 2,5%
mol ddi véi ion Ni2*. Véi su lya chon nay, cac két qua sé chi ra ca tinh chat sat dién, st tir cua vat liéu BFO
pha tap dong thoi dwoc cai thién dang ké so vai vat liéu nén BFO.

* Téc gid lién h¢é
Email: daovietthang@humg.edu.vn
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2. Thuc nghiém . _
2.1. Phwong phap ché tao mau

Vit liéu BiFeO3 va vt liéu BiFeOs pha tap dong thoi RE3* (RE3* = Gd®*, Nd3*, Y3*) va Ni%* duoc ché
tao bang phuong phap sol-gel. Cac tién chat duoc sir dung dé ché tao vat ligu gom cé Bi(NO3)3.5H,0,
Fe(NOs)3.9H,03, RE(NO3)3.6H20 va Ni(NO3),.4H20, cac dung méi axit citric HOC(COOH)(CH2COOH),
va ethylen glycol C;HeO,. Pau tién, cac tién chat Bi(NO3)s.5H,0, Fe(NO3)3.9H,03, RE(NO3)3.6H20 va
Ni(NO3)2.4H,0 duoc can ding ti phan roi dem tron déu trong 15 ml nudc cat. Sau d6, 35 ml dung dich axit
citric ndng do 1 M dugc thém vao hdn hop noi trén, nhiét do caa hdn hop duoc giir trong khoang 50 — 60°C
va khudy déu trong thoi gian 45 phut thu dugc dung dich sol. Budc tiép theo, 15 ml dung dich ethylen
glycol duoc thém vao dung dich sol, rdi ting nhiét d6 dung dich 100°C va khudy déu trong khoang 4 gio
thu duoc gel wot. Gel wét dugc sdy & nhiét do 130°C trong thai gian 4 gio thu duoc gel khd. Cudi cung, gel
khé duoc u ¢ nhiét d6 800°C trong thoi gian 7 gio thu dugc vat liéu dang bot mau nau do.

2.2. Cdc phép do diing nghién ciru cdu tric va tinh chdt vat ligu

C4u truc tinh thé, tinh chat sit dién va sat tir cua cac mau ché tao dugc khao sat bang phép gian d6 nhiéu
xa tia X (XRD), pho tan sic ning luong tia X (EDS), anh hién vi dién tir quét (SEM), chu trinh tir tré (M-
H), chu trinh dién tré (P-E). Phép do gian do nhiu xa tia X dugc thuc hién trén hé do (D8 Advance) v6i
budc séng CuK, (. = 1,5406 A). Phép do phd tan sic nang lwong tia X va anh hién vi dién tir quét duoc
thuc hién trén hé do (Quanta 450). Phép do chu trinh tir tré dugc thuc hién trén hé do (Lake Shore
Cryotronics, 704 VSM) véi tir trrong ngoai 5000 Oe. Phép do chu trinh dién tré duoc thyc hién trén hé do
(Radiant, Precision LC 10 V) véi dién truong ngoai khoang 4 kV/cm.

3. Két qua va thao luan

Hinh 1 la gian d6 nhiéu xa tia X cua vat liéu BiFeO; (BFO) va BioeGdo, 1F€0,075Nli0,02503 (Gd-Ni),
Bio,gNdo, 1Feo 975Ni0,02503 (Nd- NI) Bio,gYo,1Feo, 975NI0 02503 (Y-Ni). Theo thé chuin JPCDS sé 71-2494, tat
ca cac mau cua hé vat ligu két tinh don pha cau trac mat thoi (rhombohedral). Cac dinh nhiéu xa (012),
(104), (110), (006), (202), (024), (116), (122), (108) va (300) xuét hién tai cac vi tri 22,38, 31,72, 32,04,
38,92, 39,46, 45,73, 51,29, 51,71, 56,33 va 57,07° duoc chi ra trén Hinh 1a. Hinh 1b cho théy cac dinh
nhidu xa ciia cac mau pha tap dong thoi so véi mau nén BFO co su dich vé phia goc 26 16n. Két qua nay
cho thay cac ion Gd3* va Ni?*, Nd3* va Ni%*, Y3+ va Ni?* da thay thé t6t vao mang nén BFO. Tur két qua
XRD, chuang t6i sir dung phan mém UnitCell dé xac dinh hang s6 mang tinh thé, kich thudc tinh thé trung
binh, két qua chi ra trong Bang 1. Quan sat Bang 1 ta thdy hiang s6 mang tinh thé, kich thuéc tinh thé trung
binh cua cac mau pha tap dong thoi giam so véi mau BFO. Diéu nay co thé giai thich 1a ban kinh cua cac
ion dat hiém Gd?* (1,053 A ), Nd3* (1,109 A), Y3 (1,019 A) 1a nh6 hon ban kinh ion cua Bid* (1,17 A), khi
cac ion dét hiém thay thé vi tri Bi®* s& lam su co mang tinh thé dan téi su giam hang sé mang va kich thugc
tinh thé trung binh. Diéu nay ciing phu hop véi cac két qua nghién ctu trude day (Lazenka, 2012; Thang,
2016). Sy thay d6i hang s6 mang tinh thé, kich thudc tinh thé khi pha dong thoi duoc du doan s& lam thay
ddi cac tinh chat dién tir cua vat liéu.

Cuong d6 tuong ddi
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Cuong do tuong dbi
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Géc 260
Hinh 1. (a) Gidn dé‘ nhiéu Xa tia X cua vat |IéU BiFe03~vd Bio_gREo_lFEo_975Ni0,02503
(RE = Gd, Nd, Y); (b) Hinh phdng to cdc dinh nhieu xa (012), (104), (110)
Bang 1. Hang s6 mang tinh thé, kich thiréc tinh thé trung binh cuia cdc mau vt
|IéU BiFeO3 va Bio,gREo,lFeo'975Nio,02503 (RE = Gd, Nd, Y)

MSU Vé.t |IéU a (A) Cc (A) LxrD
BFO 5,583 13,869 64
Gd-Ni 5,568 13,803 43
Nd-Ni 5,567 13,799 43
Y-Ni 5,574 13,813 50
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Hinh 2 la pho tan sic nang luong tia X cua cac mau vat liéu BiFeO3 va BiosRE, 1Feo,g75Nio 02503 (RE =
Gd, Nd, Y). Két qua cho thiy mau BFO chi xuit hién cac dic trung cua cac nguyen t6 Bi, Fe va O. Dol Vai
cac mau pha tap dong thoi xuat cac dinh dic trung cta cac nguyén té Bi, Fe, O va Ni. Ngoai ra, mau Gd-
Ni con xuit hién cac dinh dic trung cia Gd tai cac vi tri 1,18 va 6,03 keV, mau Nd-Ni xuat hién thém cac
dinh dic trung ciia Nd tai vi tri 5,22 va 5,65 keV, mau Y-Ni xuit hién cac dinh dic trung cta Y tai vi tri
1,56, 2,18 va 6,04 keV. Két qua nay cho thay cac mau ché tao co thanh phan hoa hoc phu hop. Py 1a co
s& ban dau dé tiép tuc nghién ciru anh huéng cua cac ion tap chat 1&n cAu trac, tinh chét cua vat liéu.

Bi

- -~
Mo Bil FfNi Bi
Y N VA

- Gd

lL Gq&j\M ,?_Gd-Ni

0 3 6 9 12
Nang luong (keV)

Cuong dé tiong doi (d.v.1.5.)

Hinh 2. Phé tan sdc nang lirong tia X cdc mau vat liéu BFO, Gd-Ni, Nd-Ni va Y-Ni

Hinh 3. Anh hién vi dién tir quét ciia cac mau vt ligu BFO, Gd-Ni, Nd-Ni va Y-Ni

Hinh 3 I3 anh hién vi dién tr cua cac mau vat liéu BiFeOs; va BigoREo 1Feo,975Nio 02503 (RE = Gd, Nd,
Y). Quan st trén Hinh 3, ta thay mau BFO c6 hinh thai bé mat la dong déu, bién hat r5 rang, kich thudc
hat khoang 2 um. Cac mau pha tap dong thoi ¢ hinh thai bé mat kém dong déu hon mau BFO, bién hat
khéng rd rang, kich thudc hat nho hon so véi kich thudc hat cia mau BFO. Kich thudc hat giam diéu nay
c6 thé giai thich la do cac mAu pha tap ddng thoi c6 su co mang tinh thé, giam kich thuéc tinh thé trung
binh. Két qua nay phu hop véi két qua thu duoc tir gian dd nhidu xa tia X d trinh bay & trén.

Hinh 4 biéu dién chu trinh tir tré cia mau BFO va cac mau pha tap dong thoi Gd-Ni, Nd-Ni va Y-Ni.
Quan sat Hinh 4 cho thdy tat ca cac mau thé hién tinh chat sat tir yéu. Mau vat liéu nén BFO c¢6 gia tri tir
d6 bao hoa Ms = 0,053 emu/g, tir 6 du M, = 0,004 emu/g va luc khang tir He = 144 Oe. Gia tri Ms, My, Hc
ctia cac mau pha tap dong thoi dugc chi ra trong Bang 2. Nhu quan sat trong Bang 2, ta thay tinh chat sat
tir ciia cac mau pha tap dong thoi dugc cai thién dang ké so voi mau nén BFO. Bdi véi vat liéu BFO tinh
chat tir ctia vat liéu dong gop chii yéu boi tuong tac siéu trao doi Fe3*-0% -Fe3* va cac nut khuyét 6xy (Chen,
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2010; Yan, 2015). Tinh chét sét tir cia cac mau pha tap dong thoi duoc cai thién la do: (i) khi cac ion dét
hiém RE3* thay thé vi tri Bi®* lam xuét hién thém cac tuong tac siéu trao doi RE3* - 0% - RE¥; (ii) khi ion
Ni2* thay thé vi tri Fe3* trong mau xuét hién cac twong tac trao doi kép RE3* - O% - Ni?* va Fe3* - 0% - Niz*
(Dong, 2014); (iii) Khi cac ion Ni?* thay thé ion Fe3* la gia tang cac nat khuyét dxy, gay ra méo mang tinh
thé dan t6i tang tinh chat st tir cua vat ligu.

0.6
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S 00
e
2
s 02 —e— BFO
—a— Gd-Ni
0.4 —v— Nd-Ni

—e— Y-Ni
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-4500 -3000 -1500 O 1500 3000 4500

H (Oe)
Hinh 4. Chu trinh tir tré cua cac mau vt ligu BFO, Gd-Ni, Nd-Ni va Y-Ni
Bang 2. Cdc dic trung sdt tir ciia vat ligu BFO, Gd-Ni, Nd-Ni, Y-Ni

Mau vat liéu M; (emu/g) M, (emu/g) H. (Oe)
BFO 0,053 0,004 144
Gd-Ni 0,545 0,137 200
Nd-Ni 0,468 0,061 80
Y-Ni 0,522 0,089 149

Hinh 5 la chu trinh dién tré cua vat liéu BiFeOs va BiggREo 1Feo 975Nio 02503 (RE = Gd, Nd, Y). Quan sat
Hinh 5 cho thiy tit ca cac mau thé hién tinh chit st tir yéu. Vat liéu BFO c6 d6 phan cuc dién bao hoa Ps
= 0,31 uC/cm?, @6 phan cuc dién du Py = 0,19 uC/em? Mau Gd-Ni ¢6 Ps = 5,51 uClem? va Py = 2,29
uC/em? Mau Nd-Ni ¢6 Ps = 6,07 pC/cm? va Py = 2,11 pC/cm2 Mau Y-Ni ¢o Ps = 4,72 uClcm? va P, =
1,99 uC/cm?. Nhu vay, ta c6 thé thdy tinh chét sit dién caa cac mau pha tap dong thoi so voi mau BFO
dugc cai thién dang ké. Cac nghién ciru trude ddy di chi ra, tinh chét sit dién cua BFO bét ngudn tir electron
Ié cap dong gop bai lién két Bi-O va léch vi tri khoi tam bat dién FeOs cuia Fe*. Khi pha tap dong thoi cac
ion dat hiém RE® va Ni2* s& lam thay doi lién két RE/Bi-O ddng thoi lam gia ting su léch khoi tam bat dién
FeOs cua Fe3*/Ni2*. Hon nira, khi cac ion RE3* va Ni%* dng thoi duoc thay thé vao mang nén BFO ciing
tao ra sy mat trat tu ciu trac, diéu nay ciing gop phan lam cai thién tinh chat sit dién cua vat liéu.

8

P (uClcm?)

E (kV/icm)
Hinh 5. Chu trink dién tré cia cdc mau vdt lieu BFO, Gd-Ni, Nd-Ni va Y-Ni.

4. Két luan

Vit liéu BF~O va BiovgREO'1F80'975N‘i0'02503 (RE = Gd, Nd, Y) duoc Ché tao thanh cﬁng béng phuo*pg phap
sol-gel. Cac mau ché tao c6 thanh phan héa hoc la phu hop. Vat liéu BFO va cac vat liéu pha tap dong thoi
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Gd-Ni, Nd-Ni va Y-Ni déu két tinh don pha cau trac mat thoi. Cac vat liéu pha tap dong thoi co hang s6
mang, kich thudc tinh thé trung binh va kich thuéc hat giam so vai vat liéu nén BFO. Vit liéu BFO thé
hién tinh chat sét dién véi Ps = 0,31 pC/em?, Py = 0,19 pC/em? va sit tir yéu véi Ms = 0,053 emu/g, M, =
0,004 emu/g. Ca tinh chét sat dién va sat tir ciia cic mau pha tap dong thoi Gd-Ni, Nd-Ni va Y-Ni déu dugc
tang cudng so Vi vat ligu BFO. Nhu vay, khi pha tap dong thoi ion dat hiém RE3* va Ni2* vao vat liéu nén
BFO khong lam thay ddi pha cau trac cua vat liéu ma con cai thién dugc dong thoi ca tinh chat sit dién va
sat tir cua vat liéu nay. Két qua bay la co sé cho cac nghién ciu nham tng dung vat liéu BFO trong cac
thiét bi dién tur.
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ABSTRACT

Structural, ferromagnetic, ferroelectric properties of BiFeOs
and Bio.gREo.1Feo.975Ni0.02503 (RE = Gd, Nd, Y)

Dao Viet Thang®*, Nguyen Thi Dieu Thu!, Ho Quynh Anh?, Nguyen Manh Hung?
! Department of Physics, Hanoi University of Mining and Geology
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Multiferoic BiFeOs (BFO) and BiosREo.1Feo.975Ni0.02s03 (RE = Gd, Nd, Y) materials were prepared by a
sol-gel method. The structural characteristics, ferromagnetic and ferroelectric properties of materials were
investigated by different techniques such as X-ray diffraction diagram (XRD), X-ray energy dispersion
spectra (EDS), scanning electron microscope image (SEM), magnetic hysteresis loops (M-H), ferroelectric
hysteresis loops (P-E). EDS results showed the samples with a suitable chemical composition. XRD results
analysis showed that BFO material crystallize in rhombohedral structure with a = 5.583 A and ¢ = 13.869
A parameters, crystallite size Lxrp = 64 nm. For co-doped (RE, Ni) samples, both a and ¢ parameters,
crystallite size Lxrp decreased compared with BFO sample. SEM images showed that all samples have
uniform surface morphology, particle size is about 2 um for BFO, particle size is smaller 2 um for co-doped
(RE - Ni) samples. M-H results showed all samples present weak ferromagnetic properties, BFO has M;s =
0.053 emu/g and M, = 0.004 emu/g, ferromagnetic of co-doped samples better improvement than those of
BFO sample. P-E results showed that all samples present weak ferroelectric, BFO has Ps = 0.31 uC/cm?
and P = 0,19 uC/cm?, ferroelectric properties so better improvement than those of BFO sample. In this
report, we will discuss origin of ferromagnetic and ferroelectric properties of BFO and co-doped (RE, Ni)
materials.

Keywords: BFO material; co-doped (RE, Ni); XRD, ferromagnetic; ferroelectric.
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CAu trac va tinh chat cua vat liéu spinel CoFe;0, pha tap Bi

Nguyén Thi Diéu Thu*, Nguyén Manh Hiing*, Pao Viét Thang®, Nguyén Viét Hing*
! Truong Dai hoc Mo - Dja chat

TOM TAT

Vit li¢u nano spinel CoFe;04 (CFO) pha tap Bi duoc tong hop bang phuong phéap sol-gel két hop xr li
nhiét. Nghién ctru anh huong cua tap chat Bi 18n cau trac va tinh chat tir cua CoFe;0, thdng qua cac phép
do nhidu xa tia X (XRD), tan sic nang luong (EDS), pho tan xa Raman va chu trinh tir tré (M-H). Két qud
XRD cho thay, vat liéu spinel CFO pha tap Bi két tinh don pha céu trdc lap phuong. Vit liéu CFO co hang
sé mang a = 8,204 A, hang so mang CFO tang khi pha tap Bi va téng theo nong do pha tap. Két qua do M-
H cho thiy tit ca cac mau thé hién tinh chat sat tir. Vat liéu nén CFO co Ms = 46,885 emul/g, tir d6 du Mr
= 20,382 emu/g va luc khang tir He = 436 Oe. Cac gié tri Ms va Mr caa mau CFO pha tap Bi giam so véi
mau nén CFO. Ngudn gbc cac dic trung sat tir cua vat liéu CoFe,04 pha tap Bi duoc phan tich va thao luan
trong bai bao nay.

Tir khéa: Spinel CoFe,O4; pha tap Bi; sit tir; sol-gel.

1. D3t van dé

Viéc tao ra vat lidu ton tai ddng thoi trat tu sit dién va sét tir dong vai tro quan trong trong viéc ché tao
c4c vat lidu dién tir. Vi cac trat tu sit dién, sit tir [a cac hién tuong riéng biét va cé co ché khac nhau. Tinh
chat sit tir c6 ngudn gde tir cac electron sép xép lap ddy mot phan trén cac orbital d cua kim loai chuyén
tiép s& tao ra sy dinh xir ciia cac spins va cac momen tir. Trong khi do, tinh chat sit dién doi hoi sy trong
trén cac orbital d cia kim loai chuyén tiép. Tinh chat sit dién, tinh chit sét tir cung ton tai trong vat liéu da
pha dién tir (mutilferroic) mang dén kha nang tao ra cac thiét bi méi trong viéc luu giir théng tin. Cac nghién
ctiu trude day da chi ra tinh chat sat dién, sat tir ciing ton tai trong mot pha cau trac khi nhiét @ thip hon
nhiét d6 phong.

Cobalt ferrite CoFe,04 (CFO) 12 mot trong s cac vat liéu trong nhém vat lidu tir o CAu tric spinel. Vat
liéu CFO c6 nhiéu ing dung trong thiét bi dién tir, chat long tur, thiét bi va luu trir théng tin mat do cao do
né c6 do tir tham cao, tir d bao hoa va dién tro tuong ddi 1on thich hop cho hoat dong trong ving tan sb
cao, giam sy mat mat nang luong gay béi dong Fuco, ting tudi tho céc thiét bi (Tai, 2008; DS Danh Bich,
2014). Tinh chit tir va dién cua vat liéu ferrite néi chung phu thudc vao ban chit va vi tri cua cac cation
Fe3* trong tir dién (vi tri A) va bat dién (vi tri B) trong ciu tric lap phuong (Dwivedi, 2010). Cac ngién ciu
truéc day chi ra ring, khi pha tap cac nguyén té Ti, Mo, Bi, Ho, Eu vao vat liéu spinel CFO lam cho vat
liéu nay thé hién ddng thoi tinh chat sit dién va sét tir & nhiét dd phong (Dwivedi, 2012; Dwivedi, 2010).

Trong nghién ciru nay, ching toi pha tap Bi vao mang nén CFO, nghién ctru anh huong ndng do pha tap
Bi 1én cau trac tinh thé va tinh chat cua vat lidu.

2. Thuc nghiém

Vit liéu CoFe,04 vd CoFe,04 pha tap Bi duoc ché tao biang phuong phap sol-gel, st dung céc tién chét
Fe(NO3)3.9H20, Co(NOs)2.6H20, Bi(NO3)3.9H20. Dau tién, 5 g axit citric C¢HgO7 duoc hoa tan trong 30
ml nudc cat & nhiét do phong. Tiép theo, cac tién chat theo dung ti phan roi thém vao dung dich axit citric
néi trén. HAN hop dugc giir & nhiét do 80 °C va khudy déu trong thoi gian 30 phut thu duge dung dich sol.
Tang nhiét d6 cta dung dich 1én dén 100 °C dé nuéc bay hoi téi khi thé dung dich can con khoang 10 ml,
ta thém vao 1 ml ethanol. Dung dich sol tiép tuc dwoc khuay déu va gitr nhiét do ¢ 100 °C trong khoang
thoi gian 3 gio thu dugc gel uét. Gel udt dugc siy khd ¢ nhiét do 100 °C trong 3 gio thu duoc gel khé.
Cudi cung, Gel kho dugc nung ¢ 900 °C trong mdi khong khi trong 5 gio, thu dwoc mau vat liéu dang bot
mau den. C4c mau ché tao dwoc ki hiéu theo nong do pha tap, duoc chi ra trong Bang 1.

Bang 1. Ki hiéu cac mau vt liéu nghién ciru
Ki hiéu mau CFO CFOB1 CFOB3 CFOB5 CFOB7 CFOB9
CoFe,04 pha tap Bi 0% 1% 3% 5% 7% 9%

*Tac gia lién h¢
Email: nguyenthidieuthu@humg.edu.vn
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Céc phép do nhiéu xa tia X thyc hién trén hé do (D8 Advance) véi budc song CuKa (A = 1,5406 A),
phép do pho tan sic nang lwong thuc hién trén hé do (Quanta 450), phd tan xa Raman thyc hién trén hé do
(LabRAM HR Evolution) vé&i buéc song kich thich & = 532 nm va chu trinh tir tré thuc hién trén hé (Lake
Shore Cryotronics, 704 VSM) vai tir truong ngoai 4500 Oe. Cac phép do nay duoc sir dung dé nghién ciu
anh huong cua ndng d6 pha tap Bi 1én cau tric, tinh chét dién tir ciia hé vat ligu.

2.1. Cdc phép do diing nghién ciru cdu tric va tinh chdt vat ligu

Cau trac tinh thé, tinh chat sat dién va st tir ciia cac mau ché tao dugc khao sat bang phép gian do nhidu
xa tia X (XRD), phé tan sic ning lugng tia X (EDS), anh hién vi dién tir quét (SEM), chu trinh tir tré (M-
H), chu trinh dién tr& (P-E). Phép do gian do nhidu xa tia X dugc thuc hién trén hé do (D8 Advance) véi
budc song CuK, (L = 1,5406 A). Phép do phod tan sic nang lwong tia X va anh hién vi dién tir quét duoc
thuc hién trén hé do (Quanta 450). Phép do chu trinh tir tré dugc thuc hién trén hé do (Lake Shore
Cryotronics, 704 VSM) véi tir trrong ngoai 5000 Oe. Phép do chu trinh dién tré dugc thuc hién trén hé do
(Radiant, Precision LC 10 V) véi dién truong ngoai khoang 4 kVv/cm.

3. Két qua va thao luan

Hinh 1 la gian d6 nhidu xa tia X cta vat liéu spinel CFO pha tap Bi véi cac ndng d6 khac nhau. Cac mau
vt liéu dugc ki hiéu CFO, CFOB1, CFOB3, CFOBS5, CFOB7 va CFOBY turong (ing Vi cac ndng do Bi la
0,1,3,5,7va9 %mol. Quan sat trén Hinh 1, ta thdy mau gian dd XRD cua c4c mau CFO va CFO pha tap
Bi déu xuat hi¢n cac dinh nhiéu xa tai céc vi tri géc 26tai 30,5; 35,8; 43,5; 57,6; 63,3° twong g véi cac
ho mat phang mang tinh thé (hkl) la (200), (311), (400), (511), (440). Vi tri cac dinh nhiéu xa phu hop véi
thé chuan JCPDS s 022-1086 cuia Cau trac mang tinh thé dang lap phuong cua CoFez04. Cac mau CFOB3,
CFOBS5, CFOB7 va CFOB9 xuit hién dinh nhiéu xa dic trung cua tap chit Bi,Os (duoc danh dau “*”) tai
vi tri goc 260 = 33,6° theo thé chuan JCPDS s6 22-0515. Cac dinh nhidu xa c6 su dich vé phia goc 26 16n
khi nong do pha tap tang. Hon nira, khi nong do Bi dén 3 %mol, dinh nhiéu xa (311) tré nén bat dbi xang
(Hinh 1 bén phai). Két qua nay goi y giéi han nong do pha tap Bi vao trong mang tinh thé CFO. Sy hinh
thanh cua pha tinh thé thir cap trong cau tric I do cdu hinh dién tir va ban kinh ion ciia Bi**. Bi®* c6 ban
kinh ion 12 1,03 A, Ié6n hon ban kinh ion cia Fe3* (0,67 A), nén né d& dang chiém vi tri tir dién hoac bét
dién. Do d6, su thay thé cua ion Bi* du dan dén sy hinh thanh pha tinh thé thir cap {Shirsath, 2014; Gore,
2015). Khi ion Bi®* duoc thay thé trong mang tinh thé cia CoFe,04, hing s6 mang tinh thé ting khi ting

nong do Bid*.
*Bi,0
273
%*
A A . A CFOB9
M CFOB7

A s s\ CFOBS

%ﬁ)

CFOB3
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e . CFO
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20 (°)
Hinh 1. Gidn do nhiéu xa cia vdt liéu spinel CoFe,03 pha tap Bi Vi cdc nong dé khac nhau

Hang sé mang tinh thé ciia cac mau vat lidu duoc xac dinh bang phan mém UnitCell. Két qua cho thay,
vat liéu CFO c6 hing s6 mang a = 8,204 A, hing sé mang tinh thé cua cac miu vat liéu CFO pha tap Bi
tang khi nong d¢ pha tap tang. Diéu nay la do su sai khac ban kinh ion cua Fe®* va Bi*. Khi ion Bi®* co
ban kinh ion 16n hon thay thé vi tri cua ion Fe3* s& gay ra su dén kich thudc 6 don vi, va dan dén ting hang
s6 mang tinh thé (Gadkari, 2009). Su thay thé Bi vao vj tri Fe trong mang nén CFO duoc ki vong s& lam
thay ddi cac trat tu dién tir cua vat liéu.

Dé ¢ thém nhitng bang chirng cho thay su c6 mat caa Bi trong cac mau pha tap, chung toi da lya chon
hai mau vat liéu CFO va CFOB9 phan tich thanh phan bing phéd tan sic nang luong EDS. Hinh 2 la phd
EDS ciia mau CFO va mau CFOBY. Quan sat trén Hinh 2, ta thay déi vi mau CFO chi xuét hién cac dinh
dic trung ctia cac nguyén té Co, Fe va O. Dbi voi miu CFOBY, ngoai cac dinh dic trung cua cac nguyén
t6 Co, Fe va O con xuat hién thém dinh dic trung cho nguyén té Bi tai cac vi tri 2,3, 11 va 13,5 keV. Nhu

Cudng dé tuong dai (d.v.ty)
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vay, ¢ thé thdy cac mau ché tao c6 thanh phan cac nguyén tb hoa hoc 1a phu hop. Day 1a mot can cir dé
chung t6i tiép tuc nghién ciru anh huéng cua Bi Ién tinh chat cua vat liéu CFO pha tap Bi.

Hinh 3 la phd tan xa Raman cua vat liéu spinel CoFe,O, pha tap Bi véi cac nong do khac nhau. Quan
sat Hinh 3, ta thdy trong khoang sb séng 200-1600 cm'® xuat hién mot s dinh dao dong trong khoang sé
séng 200-900 cm.

Fe Fe }j‘ l
"?;‘ Co = lj\]\ |/"fll
> =
5 Go 3 o "WMMMM l
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Hinh 2. Phé EDS cua cdc mau CFO va CFOM9 Hinh 3. Phé tdn xa Raman cua vat li¢u spinel

CoFe204 pha tap Bi véi cdc nong dé khac nhau
Tinh toan theo If thuyét nhém, cac cau tric lap phuong cua spinel CoFe;04 v6i nhém khong gian Fd3m
gom cac mode dao dong phonon quang: 5Ty, + Agg + Eq + 3Tog. Trong d6, cac mode 5Ty, tich cuc hong
ngoai, 5 mode tich cyc Raman (Aig + Eq + 3Tag) lién quan dén dao dong cua cac ion O trong ca hai vi tri A
va B cua cdu trdc spinel (Yadav, 2017). G mau CFO, trong khoéng s6 s6ng tir 200-1000 cm'?, x4c dinh
dugc cac dinh phd Raman tai vi tri 235,6; 484,7; 665,2; 807,3 cm’ ! twong ng véi cac mode dao dong Ey,
T2g(2), Ag(2), A1g(1) (Hinh 4). Khi pha tap Bi vao c4u triic CFO, sy phén b lai cation trong cac tir dién va
bat dién lam thay doi tinh ddi xing tinh thé, cau trac thuoc nhoém khong gian 14,/amd vei nhleu mode dao
dong tich cyc Raman hon (Chandramohan, 2011; Lazzeri, 2006). Trén pho tan xa Raman cia mau CFOB1
(Hinh 4) quan st thdy 6 dinh phd tai vi tri 196,9; 276,4; 455,5; 594,3; 691,6; 774,5 cm'! twong (g Vai cac
mode tich cwc Raman dugc xac dinh la T2g(3), Eg, T2g(2), T2g(1), Asg(2), Arg(1). Cac mode dao dong & tan
s6 trén 600 cm'? lién quan den su kéo gidn dbi xing cua nguyén tir oxy déi véi ion kim loai trong tu dién.
Céc mode dao dong & tan sé thap lién quan dén dao dong cua ion kim loai trong bat dién (BOs), do 1a su
udn cong dbi xung va phan ddi xing cia nguyén tir oxy trong lién két M-O trong bat dién (de Wijs, 2002).
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Hinh 4. Phé tdn xg Raman cia mau CFO va CFOBL trong khodng sé séng 200-1000 cm'

Hinh 5 la chu trinh tir tré ciia vat liéu spinel CoFe,O4 va CoFe,0, pha tap Bi. Quan sat trén Hinh 5 cho
thay tat ca cac mau thé hién trat ty sit tir mém, cac dai luong dic trung nhu tir 46 bao hoa Ms, tir do du Mr
va lyc khang tir He cua cac mau dugc xac dinh va chi ra trong Bang 2. Bdi v6i mau chwa pha tap CFO ¢
tir d6 bao hoa Ms = 46,885 emu/g, tir 46 du Mr = 20,382 emu/g va luc khang tir Hc = 436 Oe. Gia tri Ms =
46,885 emu/g la nho hon Ms cua CoFe,0, dang khéi (V. Pillai, 1996). Cac nghién ctru trudc day chi ra tinh
chét tir cua vat liéu CFO duge dong gop bai céc tuong tac siéu trao doi Fe3* —0* —Fe¥", Fed" —0* —Fe¥"
Va Fed —0% —Fe¥', trong d6 tuong tac Fe¥ —0% —Fed chiém uu thé hon tuong tac Fe¥ —0% —Fe
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va Fe}' —O*

—Fe¥ (Zubair, 2017). Quan sat trén Bang 2, ta thay vat liéu CFO pha tap Bi véi nong do 1
%mol c6 Ms va Mr giam so véi vat ligu nén CFO, lyc khang tir He thay d6i khong dang ké.

CFOB1
2F b) CFOB3
o] ¥
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_ — 1L CFOBY
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QL 9 QL 9
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40
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Hinh 5. (a) Chu trinh tir tré cia vt liéu spinel CoFe;0; (a) va vat liéu CoFe,04 pha tap Bi (b)

Bang 2. Gia trj tur do bao hoa Ms, tir dé du Mr va luc khang ter He
Miu CFO CFOB1 CFOB3 CFOB5 CFOB7 CFOB9
Nong d¢ pha tap Bi 0% 1% 3% 5% 7% 9%
Ms (emu/g) 46,885 2,156 1,982 1,404 1,123 0,889
Mr (emu/g) 20,382 0,896 0,918 0,644 0,520 0,401
Hc (Oe) 434,22 413,95 447,43 426,83 506,64 712,61

Ta thy khi ndng d6 Bi tang, gia tri tir d6 bdo hoa Ms, tir &6 du Mr giam so véi mau nén CFO. Didu nay

c6 thé giai thich la do: (i) Bi la nguyén t6 nghich tir khi thay thé vi tri cua Fe (nguyén t5 cé tir tinh) s& lam
giam moémen tir; (ii) nhu da biét ¢ trén tir tinh cua CFO dwoc déng gop bai cac twong tac siéu trao doi
Fe —O% —Fe¥', Fe' —0% —Fed" Va Fe¥’ —O% —Fel', trong d6 tuong tac Fe3’ —0% —Fe chiém uu
thé hon tuong tac Fed' —0? —Fe¥" va Fed' —0* —Fed" khi Bi thay thé vi tri Fe s& lam gidm tuong tac
siéu trao ddi dan téi giam tir 46 cia mau.
Cac nghién ctru trude day da chi ra rang vat liéu CFO thé hién trat ty sat tir va khong thé hién tinh chit sat
dién & nhiét 6 phong. Tuy nhién, két qua phan tich XRD va phé tan xa Raman cho thay Bi di thay thé vi
tri Fe trong mang nén CFO, diéu nay duoc ky vong la tao ra sy mat trat tu trong cau trac, va léch tam bat
dién dan toi tao ra trat tu st dién cua vat liéu. Tuy nhién, trong bao c4o nay ching t6i chwa khao sat du tinh
chat sit dién cuiia cac mau vat liéu. Chung t6i dang tiép tuc tinh chat sit dién ciia vat liéu mot cach hé théng
va s& trinh bay & bao c4o tiép theo.

4. Két luan

Vat liéu spinel CoFe;04 pha tap Bi duoc ché tao thanh cong bang phuong phap sol-gel. Khi pha tap Bi
voi ndng do thap (< 3 %mol), vat liéu co Cau trac don pha dang lap phuong. Dbi véi cac mau pha tap véi
ndng d6 Bi 16n hon 3 %mol ton tai pha ciu trac CoFe,04 va tap chit Bi2Os. Vit liéu CFO pha tap Bi lam
giam tinh chit st tir cua vat liéu nhung duoc Ky vong sé tao ra cac mat trat ty cau trac, cai thién tinh chét
sat dién cua vat liéu.
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ABSTRACT
Properties of spinel Bi-doped CoFe>O4 materials

Nguyen Thi Dieu Thu®”, Nguyen Manh Hung?, Dao Viet Thang?, Nguyen Viet Hung*
! Department of Physics, Hanoi University of Mining and Geology

Bi-doped nano spinel CoFe,O4 (CFO) materials were synthesized by sol-gel method. Effect of Bi-doped on
structral and magnetic properties were investigated by X-ray diffraction (XRD), energy dispersive X-ray
spectroscopy (EDS), Raman scattering spectroscopy, and magnetic hysteresis loops (M-H) measurements.
Results analysis of XRD showed Bi-doped spinel CoFe,Os materials crystalline single phase as
concentration of Bi < 3 %mol. Magnetic hysteresis loops indicated all samples present ferromagnetism
behavior. Origin of ferromagnetism is discussed in detail in this paper

Keywords: Spinel CoFe,04; Bi-doped; ferromagnetism; sol-gel.
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TOM TAT

Bao cao ndy khéo sat tinh on dinh ciia mot I6p hé quy mo 16n suy bién cap phan s6. Sir dung ham Lyapunov,
mot so dieu kién du cho tinh 6n dinh cua Iép hé nay duoc thiét 1ap théng qua céac bat dang thirc ma tran
tuyén tinh (LMIs).

Tir khoa: Ham Lyapunov; hé quy md I6n; dao ham cip phan sb.

1. D3t van dé

Tinh 6n dinh cta cc hé thdng quy mo 16n va hé cdp phan sb 1a chi dé 16n duge nhidu nha khoa hoc
quan tam (Siliak, 1978; Mahmoud,1985; Podlubny, 1999; Kilbas, 2006). Nhiéu qua trinh vét Iy trong thé
gi6i thuc duoc dic trung boi cac hé théng cép phan sd, tirc 1a cac phuong trinh lién quan dén cac dao ham
béc khong nguyén. Cac md hinh bac phan s6 méi nay chinh xac hon cac mé hinh bac s6 nguyén va cung
cap mot cong cu tuyét voi de mo ta tri nhé va cac qua trinh di truyen Kh¢ khan ma chlng ta phai d6i mat
12 khong thé sur dung truc tlep cac cong cu dai s6 cho cac hé thong bac phan s6 vi d6i v6i mot hé thong nhu
vdly, ching ta khong c6 mét da thire déic trung nhu da c6 v6i hé bac nguyén khi di tim diéu kién 6n dinh h¢
thong.

Theo hléu biét cua tac gia, hién van chua co két qua vé 6n dinh cho cac h¢ thong quy mo 16n suy blén
cip phan s6 do sy phure tap cua hé quy mo 16n (gdbm nhiéu hé con lién két véi nhau), s ton tai dao ham cap
phén s va cac rang budc dai sO trong cac mo hinh suy bién. Diéu nay da thiic day tac gia tién hanh nghién
clru va giai quyét bai toan 6n dinh cho hé nay. Str dung ham Lyapunov va bién ddi Laplace, mét sb diéu
kién du cho 6n dinh ctia 16p hé nay dugc thiét 1ap thong qua cac bat dang thirc ma tran tuyén tinh.

Béo cao duoc thiét 1ap nhu sau. Phan 2 trinh bay cac dinh nghia va mot s6 b dé ky thuat can thiét cho
viéc chirng minh két qua chinh. Két qua chinh va thao luan vé tinh 6n dinh cua hé thong duoc trinh bay
trong Phan 3. Bao céo két thic voi két luan va tai liéu tham khao dugc trich dan.

2. Co s ly thuyét va phwong phap nghién ciru
Trong muc ndy, bdo céo gidi thiéu mot sd khai niém co ban vé dao ham cap phan sé (Kilbas, 2006;

Podlubny, 1999). Ham Mittag-Lefller hai bién duoc duoc dinh nghia: E 7
y ). g- g s () = ;r(nwm
trong d6: ¢ >0,4>0,zeC. Véi =1 takihiéu, véi: a (0,1, tich phan Riemann-Liouville 1< (t)

t
va dao ham Riemann-Liouville D.,*f(t)duoc dinh nghia: |“f(t):%f(t—s)“’lf(s)ds;
(4 0

“f(t) = |1-a ().

Pao ham Caputo duogc dinh nghia thong qua céng thirc dao ham Riemann-Liouville nhu sau:
D“f () =D:"[f () - f(0)]
Xét hé suy bién quy md 16n cap phan s6 c6 tré duoc tao thanh tir N hé con

5 - DEx(t) = Axi(t)+iijj(t—hij)

X (s)=,(s), se[-h,0], ()

* Téc gia lién hé
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trong d6 o < (0,1); x, (t) € R™ 1a véc to trang thai thir i;ma tran suy bién E, e R™", r(E,) =r, <n,, Va Cc
ma tran hang sé A, A, VoI s6 chiéu thich hop; ham diéu kién ban dau:
2 C(ENOIR"). ] = sup o ()]

céc ham trd lién tuc thoa man 0<h <h,(t)<h, Vi, j=LN, teR.

Pinh nghia 2.1., (Dai,1981). HE (1) la: i )

(i) chinh quy néu cac da thuc det(s*E, — A ) khong dong nhat 0;

(ii) khdng c6 xung néu deg(det(s“E, — A)) = r(E,), Vi.

Dinh nghia 2.2. Vi mdi bd sé duong c,,c,, T, hé (1) 1a 6n dinh hiru han twong tmg véi (c,,c,,T), néu

N N
h¢ chinh quy, khong c6 xung va: Y e | <, = D% )| <c,, vte[0,T]
i=1 i=1

I, O
Dor(E)=r, <n,Vi, ton tai cic ma tran khong suy bién M,,G, sao cho M;EG; {O 0} bit:

ALY A(1,2)} M AG {A,—(lll) A,—(liq
ARY AR YT [ARD ARDY]

e T .
boi bien, y, = G*x,, (y.l, Y.z) ta dua hé (1) vé dang sau:

MiAGi :{

N
D* yil(t)= A (1vl)Yi1(t) + A (1’ z)in(t) +Z|:pﬁj (l’l)yjl(t _hij) + Aij (1, Z)sz(t _hij)]
j=1
N (2)
0=A(22y,(t)+A(22)y,(t)+ Z[AJ 2Dy, (t-h)+A;(22)y;,(t- hij):l
j=1
B6 dé 2.3 (Dai,1981). H¢ (2.1) la chinh quy va khéng cé xung néu A (2,2) la kha nghich véi moi i.
3. Két qua va thao luan

Muc nay, bao céo dwa ra diéu kién du cho hé (1) la 6n dinh hiru han. Truée khi dua ra két qua chinh, tac
gia gidi thiéu mot vai ki hiéu duoc st dung trong két qua chinh.

O =(Yu® e Ve @) 07 = (YO VO ):
O =S OF: 15O F= O 1F: 1.01= 31O 1

G PEG [F; g} Din(R) = MiN 250 (Ru) ; A (PE) =max 4, (RE));

(PE).

e N mahearaea)

G =diag{G,,..,,G,}; B=4u(G G) n* =24, ([G"1'[G]);

V(s) = LIV (x()1(s), M(s) =L[M ®)](s);
G(t)= sup V(x(0),a=E,(h,T*),b=a-1 q= rr%1]‘:1bja;

—h, <0<t j=1

AC2A@D|parN max|A@ 2174 22 7+ po);

¢ =max|

n=[ max 22y“+2ny'*2] T _(x(t) x - h)} (D“Eixi(t))T);

i=0,1,2,.. [fh] k=0
W1 =RA +[RAT —hRE; W(LN+2)=[UA]’;

WL j+D) =PA +[R;AT, W(j+1 j+1)=-hPE +R;A; +[R; A] ,j=LN;

jl I] jl ]
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W (L+jk+D)=RA, k# ]k j=LN

W, (1+ j,N +2) = [UAJ] Ri, j=LN;

W, (N+2,N+2)=
Dinh li 2.4. Vi mdi b@ sé dwong c,,c,, T, hé (1) 1a 6n dinh hiru han twong tmg v6i (c,,c,,T), néu ton
tai cac ma tran khong suy bién P e R"™, c4c ma tran d6i xtng xac dinh dwong U, € R, va cdc ma trn

n; xn: \ n N N
tu do Rji eR™™, sao cho céc didu kién sau dugc dam bao

RE =[RET, ©)
W (11)
w-| - . <0
| - VVi(N+.2,N+2) @)
A(pa+n* + pa)y)c, <c,. ®)

Chirng minh

Chirng minh duogc chia l[am hai budc:

Budc 1: ta chung minh tinh chinh quy va khong c6 xung cua hé (1);

Budac 2: tap trung vao diéu Kién 6n dinh hitu han cua hé dua trén bién doi Laplace va ham Lyapunov.
Buéce 1. Tinh chinh quy va khéng cé xung cua hé (2.1) o i

Tur diéu kién (4) ta thu duoc W, (1,1) <0,Vvi =1, N. Theo Bo d¢ 2.3 (Dai, 1981; Zang, 2014), diéu kién
W, (1,1) <0 va diéu kién (3) chi ra hé (1) 1a chinh quy va khong c6 xung. Bén canh d6, ta con chi ra dugc:
A (2,2) lakha nghich vai moi i va:

G'REG =[F; g]v"" P=[R] >0 (6)

N
Buéc 2. Tinh 6n dinh hitu han. Xét ham Lyapunov: V (x(t)) = ZXiT (t)PE;x (1)
i=1

L4y dao ham Caputo caa hamV (x(t)) doc theo nghiém ciia hé (1), ta co:

DV (x(1)) < ini () PD“(E x, (t)) = iz)(i R (Ax 0+ i A (t-h)
< iZXi P (,/.\xi (t) +i/_\jxj (t_hij))

ihxj(t—hij) PEX (t—h)+ > S hx (t—h) PEx,(t—h,)

j=1 i=1 j=1

M= e

hx (t) PE,x. (t) +hV (X(t)).

|
N

Nhan ca hai vé cua phuong trinh (1) tur bén tréi véi cac dai lugng:
-2(D*E;x (t)) L—2x,(t=h)"R;, i,j=LN

0= (D“Ex(t))UD“Ex(t)+2<D“Ex(t)) {Axi(t)+i/\jxj(t—hij)};

0=-2x;(t—hy)" Ry (DEx, (t))+2x;(t—hy)" R][Ax(t)+ZAij(t h”)}
Tu day, ching ta thu dugc:
D* (V (x(t))) - hV(x(t))<Z§ W, +hZZx (t—h) P,E,x, (t—hy),

i=1 j=1

Tir diéu kién (4), ta thu dugc:
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D (V () ~hV (x(@) <h >3 x, (t—hy) PE,x, (t—h)

i-1 j-1

dat: M (t) = D (V (x(1))) —hV (x(1)). @

N N
dandén: M(t) <h>" > x;(t—hy) P,E;x; (t—hy).

1717
i1 4
Str dung bién doi Laplace ca hai vé ciia (7), ta c6: s*V(s) -V (x(0))s“* = h,V(s) + M(s).
tu day:

V(8) = (s” —h,) " (V (x(0))s“™ + M(s)). ®)

Bén canh do, ta thiy:
N N

sup M(z) <suphd > x,(z—h,) PE,x;(r—h)

O<r<t Ozt jop j=1

ixj(z-_hl)TPjEij(T_hl)

j=1

[

Il
UN

<hsup

O<z<t

PN sup > X (r—h) PEX (r—h) =hN sup V(x(9))

0<z<t j—1 —hy<0<t-h
va mot sé ding thuc sau:
(t-7)*"'E, , (h,(t-7)*)20,vt >0,z [0,t],
t
a-—. a 1 a
[t=2)"E, , (h,(t—7))dr = —[E, (ht") -1,
0 2
Str dung bién ddi Laplace nguoc hai vé caa (8), ta thu duogc:
t
V (x(t)) =V (0,x(0))E, (h,t*) + I M(z)(t-7)“"E, , (h,(t—7)*)dz

0

<V (x(0)E, (h,t*)+sup M (r)j(t - T)‘HEM (h,(t—7)*)dr

0<r<t
<V (X(O)E, (ht*) + (E, (ht*)-1) sup V(x(0)),
—h,<f<t—h,
Do ham E, ()13 ham ting, dan dén:
sup V(x(0)< sup V(x(9)) E, (nt*)+(E, (ht*)~1) sup Vo,

—h, <9<t — —h, <@<t—|
Dit: G(t) = sup V(x(9)), a=E,(h,T%), b=a-1 taco: G(t) <aG(0)+bG(t—h), vt [0,T].
—h, <0<t

Diéu nay chi ra, G(t) <G(0)q. Hé qua la:

% OREX M) <G <GO)q= sup 3 (@) PEn (@), te0T]

i=1 0<[-hy,0] j=1

Bén canh do: i X ()PEX () = i Y,(1)' G, (PE)G,Y,(t) > A4,,, (Pl Y, (Il

i=1 i=1

2 #(6) REQ(0) <2 4 (RE)R.(9) 0.(6) < 2 (PEC,
Tu day, ta thu duoc:
(PE)

101 2= ag = pa. t<[o.T) ©

Tiép theo, chiing ta udc lugng || y,(t) || dwa vao phuong trinh:

%o =-ARAIARDYLO AR 2T X[ A RDYLE )+ A 22yt -hy) ]

Diéu nay dan dén:
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a0l <[iAC 2)]’1/\(2,1)||||yu(t)||+ZN:||A(2, 21'A (2,1>||||yu<t—hu)||+i||A(2, 2T A 22y -yl

<Jaearaeaflvolnadaearae] Sle-npmaSlaears calSly.cn)

(i.J)

<max[[A 221" A @Dy, (] + max|A 2. 27 A 2.0 z||y1<t h.,)||+ ley,z(t )|

< max|iA 2,214 @.9] Jpae,+ N max|A 221 *A DN + pa)e; +5 leyzt )
Tir day: || y,(t) ”SZ" Yo Il <¢ e +$ZZ||yz(t—hu )| tel0,T].

Hon thé, voi t <[0,h] ] @I < +me
Iy, =R =l *= 2 (G [G ™ ])e =n'c,
Béng cach quy nap trén cac doan lién tiép do dai h ta co:|| y, (D]l < #(772 +pQ)y,C,

Lién két diéu kién nay va (3.7), ta co:
Il x(®) IP=x(@®)" x(t) = y(t) G "Gy(t)
< GTG) YO IP= AU Y, O 1P +11 Y, (O 1IP)
< B(pa+(m* +pa)n)e <c,, te[0T].
Diéu nay hoan tat chitng minh cua dinh Ii.
4. Két luan
~Trong béo c4o nay, téc gia da nghién ctu tinh on dinh ciia mot l6p cac hé thdng quy md Ién suy bién
cap phan sb. Sir dung cac cdng cu giai tich, tac gia thu dugc mot diéu kién du cho su 6n dinh cua hé thong.
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ABSTRACT
Some stability results for fractional order singular large-scale systems

Nguyen Truong Thanh®”
! Hanoi University of Mining and Geology

This article investigates the stability analysis problem for fractional order singular large-scale systems.
Using Lyapunov function method, we obtain new sufficient conditions for stability of these systems in term
of linear matrix inequalities (LMIs)
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e« VATAINGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
SUSTAINABLE DEVELOPMENT

Thiét ké vat liéu meta hap thu song dién tir cu trac chiral

Téng B4 Tuéan **, Bui Hiru Nguyén?, Nguyén Thi Hau', Vi Dinh Lam?, Lé Dac Tuyén®”
! Truong Pai hoc Mo - Dja chat
2 Hoc vién Khoa hoc va Cong nghé

TOM TAT

Vit ligu meta hap thu song dién tir ¢6 thé tang cuong hiéu suat pin mit troi, anten hay cam bién. Bai béo
trinh bay két qua nghién ciu vat ligu meta cau trdc chiral hap thu da dinh ving tan s6 GHz. Chung toi dé
XU4t va téi wu cac tham sb cAu tric bang phuong phap mé phong phan tir hiru han HFSS (High Frequency
Structure Simulator). Két qua cho thay, cau trdc khong dbi Xung 1a nguyén nhén gay ra 3 dinh hap thy, dong
thoi tinh chat hap thu phu thudéc manh cac tham sb cau tric va sy tuong tic trudng gan giira cac 6 co s VGi
nhau. Co ché hip thu séng dién tir dugc phan tich va ly giai bang phan b6 dong dién, dién tir trwong va mat
d6 ton hao nang lugng. Tai cAc tan s6 cong huong, hap thu nang luong ciia song dién tir chi yéu bai 16p dien
moi, mdt phan nho ton hao tai bé mit ctia kim loai. Nghién ciru cau triic chiral cho thay sy anh huong cua tinh
khong d6i xing 1én kha nang hap thy cling nhu diéu khién song dién tu, két qua co thé ap dung dugc cho cac
tan s cao hon va lam co s& trong viéc ché tao vat liéu meta hap thu da dinh véi cau hinh don gian.

Tir khéa: Vat liéu meta; cau trdc chiral; hip thu da dai tan.

1. Pit véan dé

Nhitng nim gan day, vat liéu meta (metamaterial - MM) di duoc cac nha khoa hoc quan tdm nghién ctu
mot cach manh mé vi nhiing tinh chat vat [ méi la va kha nang tng dung trong cong nghé va quan su. Vat
liéu meta duoc tao thanh tir sy sip xép tuan hoan theo mot trat tw nhat dinh cua ciu tric “gia nguyén tu”
tuong tu nhu 6 co so trong mang tinh thé chét rin (P. Ball, 2018; Ge, 2018). Céac gia nguyén tir thuong co
kich thudc nho hon nhiéu budc séng hoat dong nén cé thé giai thich co ché hoat dong bang Iy thuyét moi
truong hiéu dung. Hién nay, nhiéu tinh chat cua vat liéu meta da duoc ching minh bang ca Iy thuyét va
thuc nghiém. Nhitng tinh chat méi c6 tac dong 16n dén ca nganh vat I va cac nganh khoa hoc cong nghé
nhu: tao ra mdi truong chiét suat &m, hiéu tng Doppler nguoc, phat xa Cherenkov nguoc (Atre, 2013;
Chen, 2011). Nhiéu nghién ciru da dé xuat va ché tao vat liéu meta lam cham anh séng, siéu thiu kinh, truyén ning
lugng khong day, dic biét 1a hip thu tuyét dbi song dién tir c6 thé tang cudng hiéu suét pin mit troi, anten, hay cam
bién (Landy, 2008; Shanian, 2019; Bui, 2016).

Tai Viét nam, huéng nghién ctru vé vat liéu meta thudng tap trung vao vat liéu chiét suit am va hap thu
song dién tir don dinh, da dinh va dai rong. Cau tric cong huong thudng c6 dang ddi xing hay khong ddi
xtng: dia tron, nhan tron, hinh vudng hay thanh kim loai (Viet, 2014; Tran, 2018; Hoa, 2019; Pham, 2020).
Tuy nhién, mét s6 cau tric origami hay khéng ddi xting dang chiral chua dwoc nghién ciru. Cau tric origami
c6 thé thay d6i hinh dang va lap trinh trong qué trinh hoat dong. Cau truc chiral ¢6 hinh anh dbi xang guong
khong chong khit 1én cau trac ban dau, do d6 c6 thé tao ra nhiéu tinh chat méi. Khi séng dién tir phan cuc
tron twong tac vai vat liéu meta cau trac chiral, mat phang phan cuc sé bi quay theo hinh elip nén tao ra
tinh hoat quang (Yoo, 2019). Hon nita, méi trudng chiral twong tic véi hai loai song dién tir phan cuc trai
va phan cuc phai 12 khéc nhau, nén chiing c6 thé diéu khién va chuyén doi phan cuc cia song dién tir tao
ra nhirng tinh chit mai so véi vat liéu meta ciu trac ddi ximg thong thuong. Trén thé gidi, nghién ciu vé
vat liéu meta cAu trac chiral chua nhiéu, mot s nhom dé xuit vat liéu meta ciu trac chiral cho céc tng
dung trong phan tich héa hoc va quang hoc phi tuyén (Yoo, 2019). Viéc nghién ciru c4c ciu trac, cling nhu
tim hiéu tinh chit mai nhdm nang cao hiéu qua hoat dong ludn la thach thirc véi cdc nhém nghién ctu.
Trong bai bao nay, chung t6i dé xuét cau trac chiral hinh chit “van”, budc dau nghién ciu tinh chét hip thy
da dinh song dién ving tan s6 GHz. Co ché hap thu dwoc phan tich va ly giai théng qua phan b dong dién,
dién tir truong va tén hao ning lugng trong vat ligu.

2. Thiét ké va mé phéng

_Hinh 1(a) m6 ta cau tric hinh hoc 6 co s6 cua vat ligu meta cau triic chiral hinh vudng canh a = 10 mm
gom c0 3 lop: dé dién mdi FR4 ¢ gitra (mau xanh), mat truge 1a cau tric chiral va mit sau phu kin déu la
* Téc gid lién h¢é
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ddng c6 d6 day tm = 0,036 mm va d6 dan 5,8x107 S/m (mau vang). Lop dién moi FR4 co do day laty = 1 mm;
hang sb dién mdi &= 4,4; do t6n hao bang 0,02.C4u tric chiral mat trude dugc thiét ké hinh chir van véi cac
tham sb do rong w, cac chiéu dai x va x2 duoc mo ta trén hinh 1(b). Hinh 1(c) md ta ciu trlc chiral xoay goc
@0 Véi tryc thang dimg (phuong ctia vecto cudng do dién truong E) dé khao sat tinh chat dién ti.

(a) t, (b) a (¢)

tw 7

’ k le xl‘ ’g/
a y

Hinh 1. Cdu trdc hinh hoc 6 co sé vat liéu meta cau trac chrial véi tham sé cdu tric: a=10 mm; tg = 1
mm; ty = 0,036 mm; w =1 mm; x;1 =4 mm; x, = 1,5 +4,5 mm. a) Mgt bén va phan cuc song dién tir,
b) Mdt trueée, ¢) Cdu tric chiral xoay goc 650 Véi truc thang dimng

Chuing t0i sir dung phuong phép mé phong phan tu hitu han HFSS (High Frequency Structure Simulator) dé
khao sat tinh chat dién tir ciia cau tric chiral. Didu kién bién 4p dung cho ciu tric tuan hoan hai chiéu theo
mit phing song OEH. Do I6p ddng phia sau du day, khong cho séng dién tir truyén qua nén d6 hap thy cua

. . o 2.
cau tric (A) co thé dugc tinh bai cong thirc: A(CO) =1- R(Co) :1_[811(50)] véi: R =| S11 2d6 phan xa
va S11 1a h¢ s6 phan xa. Toi wu cac tham s6 cau tric thoa man dieu kign phdi hop tré khang, khi d6 hé s6
phan xa R tién den khong, khi do cau tric c6 the hap thu hoan toan séng dién tir. B hicu co ché hap thu
cua vat liéu meta, chiing }6i da khao sat sy phan bo dong dién, dién tir truong va ton hao nang lugng tai cac
tan s6 cong hudng cua cau trac chiral.

3. Két qua va thao luan

(a)

1.0

0.8

o
)

Do hip thu
o
S

Tén s6 (GHz) X, (mm)

Hinh 2. Phé hdp thu cua vdt liéu meta cau trdc chrial phyu thuge vao d@é 16n xavéi a = 10 mm, x; = 4 mm,
w=1mm,ts=1mm,ty,=0,036 mm.a)x;=2,4;2,8;va3,2mm.b)x, =15 +45mm

Hinh 2(a) trinh bay phd hap thu cua vat liéu meta cau trdc chiral véi cac gia tri khac nhau cua xz = 2,4;
2,8; 3,2 mm khi cac tham s6 céu tric khac khong doi (@ =10 mm, x1=4 mm, w=1mm, ts =1 mm, ty=
0,036 mm) trong dai tan s6 16 — 24 GHz. Mdi phé ¢ 3 dinh hap thu, vi tri cac dinh phu thudc vao gia tri
cua x,. Khi gia tri cua x, ting, cac dinh hip thu dich vé phia tin sé thip, két qua nay tuong ty nhu cdc ciu
tric dol xing. Hinh 2(b) khao sat sy phu thudc cua ba dinh hap thy khi thay d6i x, = 2 + 4,5 mm. Ching ta
thiy rang, tin s6 cong hudng nho nhét (f1) c6 do hp thu nho, d6 rong phd hep khi x2 nho, nhung do hap
thu va do rong phd tang dan khi khi x, ting 1én. Nguoc lai, tan s6 cong huong Ion nhét (fs) c6 do hap thu
va do rong pho nho dan khi x, ting 1én. Tuy nhién, tan s6 cong huong ¢ glua () it thay doi ca vé do hap
thu va do rong phd. Khi x2 < 2 mm, khong quan sat dugc dinh hap thu f; va f, con dinh hap thu f; dich vé
phia tan s6 cao hon (ngoai viing khao sat). Diéu ndy c6 thé duoc giai thich khi xem xét tinh d6i xting va
dinh huéng phan cuc cua cau tric. Khi x, giam dan, cu trdc khéng ddi xing chiral dan trg thanh cau tric
d6i xing “chir thap”, tinh di xtmg theo hudng cua dién truong va tir truong ting 1én da lam giam céc hiéu
g twong tac, do vay khong tao ra cong huong hap thy f; va fo. Bén canh dé, khi x; giam, dién dung C tao
bai ciu trac chiral phia trugce va tim kim loai phia sau giam ty 1& thuan véi dién tich cua x, theo cong thuc:

1
f p—

27 LC
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Hinh 3. Phan b cuong d6 dong dién cam ¢mg trén cdu tric kim logi md trusc (a)-(c)
va tam kim logi mat sau (d)-(f) tai tan sé cong hwong

Co ché hép thu c6 thé duoc giai thich boi sy tuong tac clia song dién tir véi vat liéu meta thong qua phan
b dong dién va dién tir truong tai cac tan s cong huong véi cAu trlic X2 = 2,8 mm. C4c tan s cong huong tai
f1 = 18,95 GHz; f, = 20,74 GHz; f; = 21,80 GHz c6 d6 hép thy lan luot 13 99,2%; 95,7%:; 90,0%. Hinh 3(a)
3(c) va 3(d)-3(f) mé ta lan luot sy phan bd dong dién tai cu trac ddng mat trudc va I6p dong mat sau tai cac
tan s6 Cong huong f; = 18,95 GHz; f, = 20,74 GHz; f; = 21,80 GHz. Vi mdi tan s, dong dién cam tng & mat
trudc va mat sau 1a nguoc Chleu nhau, nén céc dlnh coéng huong dugc tao bai cong huong tir (Viet, 2014).

(c)

r F s
“"ﬁ ! i L’ﬁ"ﬂ E

Hinh 4. Phan bo tor truong tren cau trac kim logi mat trieéc (a)-(c)
va tam kim logi mgt sau (d)-(f) tai tan so cong hwong

Tuong (ng vai su phan bé dong dién cam ing tai cac tan sé cong huong I sy phan b tir truong cau
trdc mat trudc va mit sau nhu trén hinh 4. Tai tin s6 cong huong fi, tir truong tuong tac manh vai phan cdu
trac vudng goc phuong cua tir trudng. Hon nita con co tuong tac trudng gan véi cac 6 co s& bén canh theo
phuong song song véi tir truong. Diéu nay giai thich khi x; 16n, cdc twong tac tang dan nén d6 hap thu va
do rong phd cua f; tang 1én. Nguoc lai, tai tan sé f3, chi co cac trong tac noi tai bén trong 6 co s¢ Cua phan
ciu triic vudng goc véi phuong tir trudng. Do do, do hap thu va do rong pho cua f3 giam dan khi xz lon. Tuy
nhién, tai tan s f,, tir truong kich thich dong thoi ca hai thanh phan cau tric song song va va vudng géc
VGi tir trudng, va co tuong tac trudng gan vai cac 6 co sé bén canh doc theo phuong tir trudng. Do vay, do
hap thu va d¢ rong pho cua fz it thay doi khi x2 > 2 mm.

(b)

(c)
A » | > | Eraa
! Vi a [ﬁ R E =
T oy |
, ;

Hinh 5. Phan bd di¢n triong trén cdu tric kim logi mar rrude (a)-(c)
va tam kim logi mat sau (d)-(f) tai tan so céng hueng
Hinh 5 cho biét phan b dién tru'orng tai cau tr(c mat trudc va mat sau tai cac tan s6 COng huong. Nhin

chung, su phan bé dién truong c6 phuong vudng goc voi phan bd tir truong. Voi ca 3 tan sb Cong huong,
dién truong khong chi tuong tac phan cau tric song song ma con twong tic vai ca thanh phan vudng goc
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véi phuong dién truong. Hon nira, phan b dién truong con cho thay sy tuong téc truong gén gitra cac
ludng cuc dign véi cac 6 co s¢ lan can theo phuong vudng géc véi dign truong. Cling can luu y rang, cac
cong huorng nay chi xuat hién véi x, > 2 mm nhu quan sat trén hinh 2(b). Khi x, du I6n chiing ta méi quan
sdt duoc cac cong hudng la do sy tuong tac truong gan giira cac Cong hudng tai Cau trdc mat trudc vai
nhau. Vi Vay, cac dinh hap thu do cong hudéng tir tao ra phd hop véi nhitng quan sat vé phén b dong dién
cam &g va phan bé tir truong & phan trén.
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Hinh 6. Mdt dg ton hao nang luwong trong I6p dién moi cia vat licu meta tai cc tan so khac nhau. (a) fo =
16 GHz (khdng phdi tan s cong huong); (b) fr = 18,95 GHz; (c) f2 = 20,74 GHz; (d) fs = 21,80 GHz.

Hinh 6 cho thiy mirc d6 phan bé t6n hao nang lugng trén 16p di¢n moi lan luot tai cac tan s6 16 Ghz; 18,95
GHz; 20,74 GHz; 21,80 GHz. Séng di¢n tu tai tan s6 16 GHz khong phai la tan s6 cong huong cua cau tric
chiral vi vay muc d6 ton hao la nho. Tuy nhién, tai cac tan sb cong husng t6n hao ning luong tai 16p dién moi
tang 1én 13 rang, hon nira t6n hao ning hmng phan bé tai vi tri cua cau truc chiral, do vay do hip thu da ting
1én dang ké. Ngoai ton hao trén 16p dién méi, chlng i con xét téi cac tén hao trén I6p kim loai.

(a) | (b) i~
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Hinh 7. Mdt dg tén hao nng luwong trén lp kim logi cuia vt lidu meta tgi cac tan sé khac nhau. (a) fo =
16 GHz (khdng phdi tan so cong huong); (b) f = 18,95 GHz; (c) f. = 20,74 GHz; (d) f; = 21,80 GHz.

Do tam kim loai ddng c6 d6 dan dién tét va higu ang bé mét nén séng dién tir khong thé truyén qua, hon
nira l6p ddng rit mong, nén do ton hao trong thé tich I6p dong la rat nho. Tén hao trén I6p dong cha yéu
phan bé trén bé mat do cac dong bé mit gay ra. Hinh 7 trinh bay muac do phan bé ton hao dong bé mit cua
cac 16p kim loai tai cac tan s6 16 Ghz; 18,95 GHz; 20,74 GHz; 21,80 GHz. Két qua mé phong cho thiy tai
c4c tan s6 cong huong 18,95 GHz; 20,74 GHz; 21,80 GHz do tn hao trén bé mat kim loai cao hon nhiéu
S0 V&i tan s6 16 GHz. Nhu vay két hop truong hop ton hao trén cac 16p dién moi va kim loai ching to tai
c4c tan sd cong hudng cua cau tric chiral thi mirc d6 ton hao rat cao. Didu ndy cho thiy vat liéu meta cau
trdc chiral c6 thé hap thu hau nhu toan bd song dién tir chiéu dén tai tan s cong huong.

(a) (b)
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Hinh 8. Phé hdp thu cua vdt liéu meta cau trdc chiral phy thuge géc xoay @ véia = 10 mm, x; = 4 mm,
Xe=3mm, w=1mm,ts=1mm,ty,=0,036 mm.a) & =15;45;va75°b) #=0-+90°
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D¢ hiéu rd hon vé vai tro cta cau trdc chiral khi vat liéu meta twong tac véi song dién tir, cu tric chiral
dugc xoay goc €50 V6i phuong thang dimg (phuong dién trudng). Hinh 8 thé hién phd hap thu cua vat ligu
meta khi goc @ thay doi tir 0 - 90°. Nhu d thao luan, ngoai twong tac giita song dién tir véi cau tric chiral
con ¢6 sy twong tic trudng gan gitra phan cia cau tric véi nhau va gitra cac 6 co sd, nén tan s cong huong
phu thudc vao su thay doi tinh khdng ddi xing cuia cdu tric so véi phan cuc cia song dién tir. N6i chung,
vi tri cac dinh cong huong thay d6i xung quanh vi tri ban dau, do sy tuong tac ctia song dién tir véi cau trlic
it thay d6i. Tuy nhién, cuong d6 ciia cac cong huong thay doi kha nhiéu khi xoay lam thay ddi tinh ddi
xtng cua cau tric chiral so véi phan cuc song dién tir. Khi @ = 15 - 65°, @ hip thu tai tan sé f; rit nho do
tinh khong ddi xting gitra cac 6 co sé theo phuong vudng goc véi tir truong giam lam twong tac giita Cac O
co so giam. Trong khi d6 hap thu tai tan s f3 it thay doi vi ddy 1a tuong tac giira cac phan cua cau tric
chiral. Két hop ca hai yéu t6 tuong tac giira cac phan cua cau tric va gitra cac 6 co sé nén do hap thy tai tai
tan s f, giam. Dac biét, tai goc @ = 45°, d6 hap thu tai tai tan sé f, 1a nho nhét 1a 76,5%. Day 1a vi tri 1am
tang tinh ddi xing cua cau trdc chiral theo ca hai phuwong dién truong va tir truong cia song dién tir nén céc
tuong tac yéu di va cong huong yéu hon so véi cac goc khac. Nhu vay, tinh khdng ddi xung cua ciu tric
chiral c6 vai tro rit quan trong trong viéc tao ra cac dinh hip thu cua vat liéu meta. Biéu chinh tham sb cau
trdc c6 thé thay d6i duoc tan sé hép thy.

4. Két luan

Chung t6i di dé xuat va thiét ké vat liéu meta cau trdc chiral hinh chir “van” hip thy da dinh ving tan
s6 GHz. Bang cach xoay cau trlc chiral xung quanh vector séng k hodc thay dbi tham sb cau tric nham
thay dél tinh d6i x(ing so vai phan cuc song dién tir, vat liéu meta co thé hép thu hau hét song dién tir tai
tan s6 cong huong voi do hap thu 16n hon 90%. Céc két qua md phong phan bd dong dién va dién tur trueong
cho thay cac hap thu gay ra bai cong huong tir va Su tuong tac truong gan giita cac thanh phan cua cau tric
chiral. Py ciing 1a uu diém va su khac biét cua cau tric khong dbi xang chiral S0 V6i cac c4u trac dbi xang
thong thuong. Tén hao néng luong song dién tur tai tan sé cong huong chu yéu trén 16p dién mdi. Tinh
khong ddi Xung cua cAu tric chiral c6 thé duoc ap dung cho céc tan s6 cao va 1am co s& cho viéc ché tao
vt liéu meta hap thu song dién tir da dinh.
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ABSTRACT
Design of metamaterial absorpber of chiral structural

Tong Ba Tuan®”, Bui Huu Nguyen® Nguyen Thi Hau?, Vu Dinh Lam?, Le Pac Tuyen®
1 Hanoi University of Mining and Geology
2 Graduate University of Science and Technology

Metamaterial absorber can be enhanced the efficiency of solar cell, antennas, and sensors. Here, we presents
a multiband metamaterial absorber of chiral structure in the GHz frequency region. The structure was
proposed and optimized by using structural High Frequency Structure Simulator (HFSS). The simulation
results show that the asymmetric structure is the cause of absorption peaks, and the absorption properties
strongly depend on structural parameters and the near field interaction between the neighboring unit cells.
The absorption mechanism is discussed and analyzed via current distribution, electromagnetic field, and
energy loss density. At resonant frequencies, the energy of the electromagnetic wave is absorbed mainly
by the dielectric layer, a small amount is lost at the metallic surface. The study of the chiral structure
indicates that the effect of asymmetry on the ability to absorb and control electromagnetic waves. These
results can be is applicable to higher frequencies and fabrication of multiband metamaterial absorber with
simple configuration

Keywords: Metamaterial; Chiral structure; Multi-band absorption.
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Vat liéu bién hoa hap thu song dién tir da dinh, dai rong
trén co s& polymer dan
Lé Pac Tuyénl*, Pham Thé Linh2, Téng Ba Tuan!, Tran Thi Ha!, Vii Binh Lam?

L Trirong Pai hoc Mo - Pja chadt
2 Hoc vién Khoa hoc va Cong nghé

TOM TAT

Céc thanh qua nghién ciru vé vat ligu tién tién dong vai tro quan trong va tao ra cac dot pha trong viéc phat
trién cong nghé méi. Vat liéu bién hoa (metamaterial) 13 cAu triic nhan tao duogc thiét ké dé dat duoc tinh
chat mong mudn ma vat liéu ty nhién khong c6. Nhirg nam gan déy, nhiéu nd lyc da dugc thuc hién dé
diéu chinh d6 dién thim va do tir thim cua ching nham tao ra vat liéu chiét suat am, thau kinh phan giai
cao, hay hap thu 'song di¢n tir. Ching t6i trinh bay mot phuong phap don gidn dé ma rong dai tan va tang
d6 hap thu cua cau tric cong huong dia tron. Két qua tinh toan bang phan mém mé phong CST (Computer
Simulation Technology) Microwave Studio cho thay d6 dan ciia polymer dong vai trd quan trong téi tinh
chat hip thu cua vat liéu. Str dung ddng thoi polymer dé dan thap va hiéu ung tuong tac truong gan co thé
tao ra cong huong da dinh, dai tan rong 6,8 GHz véi do hip thu trén 90%. Cau tric dé xuat khéng phu thudc
phan cuc song dién tir va c6 thé ap dung dé ché tao vat liéu bién héa hip thu dai rong.

Tirkhoa: Vat lidu bién hoa; vat liu bién hoa hap thu dai rong; polymer dan; twong tac truong gan.

1. Pat vén dé

Vit ligu bién hoa (metamaterial) la c4u trdc nhan tao dwoc thiét ké dé dat duoc tinh chat dién tir mong
mudn ma vat lidu ty nhién khong c6 (D. Smith, 2000; S. A. Ramakrishna, 2008). Trong nhimg nam gan
day, nghién ciru vé vat liéu bién hoa da phat trién nhanh chdng va thu hat sy chi y trén thé giéi vi kha nang
vuot troi trong viée diéu khién song dién tir. Nhiéu nd hre da dwoc thyc hién dé diéu chinh do tir thim va
do dién tham (chiét suat) cua ching nham tao ra vat lidu chiét suat &m, thiu kinh phan giai cao, hay hap thu
song dién tir (S. A. Ramakrishna, 2008; Z. Duan, 2009; P. Ball, 2018; A. Shanian, 2019). Néi chung, su
tuong t4C cua song dién tir voi vat chat dugc nghién ciru thong qua cac dac tinh phan xa, truyén qua va hap
thu. H¢ s6 phan xa 16n 1a mot yéu ciu quan trong trong cac ung dung quang hoc, do truyen qua cao la yéu
cau trong cac ung dung dién tu, hién thi hinh anh. D4i véi cong nghé cam bién hay chuyén ddi ning lugng,
d6 hap thy 16n tré nén quan trong hon. Vat liéu bién hoa cd kha ning hap thu toan bo song dién tir vai chidu
day nho hon rat nhiéu so véi bugc séng hoat dong, dong vai trdo quan trong trong viéc phat trién cac thiét
bi thé hé mai: cam bién do nhay cao, chuyén déi nang lugng hiéu suit cao, tang hinh (N. Landy, 2008; P.
Yu, 2019; H. Hajian, 2019).

Tuy nhién, vat liéu bién hoa hap thu song dién tir (metamaterial absorber — MA) gay ra bai cong huong
tir hay cong huong dién cua cau tric cong huong, nén dinh cong huong rat hep, da han ché kha ning ung
dung cua chling. Do do, viéc tlep tuc nghién cuu va tim ra md hinh hi¢u qua, s dung cac hiéu tng vat Iy
dé mo rong dai tan hay co the diéu khién tan s6 hoat dong bang cac tac nhan bén ngoai, ciing nhur cau tric
don gian dé ché tao la rat can thiét. Nham cai tién va nang cao hiéu qua hap thy, nhém nghién ciru da dé
Xuét va str dung vt ligu polymer dan. Bén canh d6 sir dung hiéu &g vat 1y dé ting cuong do hap thu va
mé rong dai tin 1am viéc cua vat liéu bién hda. Pay 1a mot phwong phap méi, hiéu qua dwoc nghién ctu va
ché tao vat liéu hap thu da dinh, dai rong véi cong nghé don gian hon, ma khéng can phai giam kich thudc
6 co s6. Tinh chit hip thu duoc khao sat theo d dan cua vat liéu polymer, co ché hip thu dwoc giai thich
biang phan b dién truong va diéu kién phdi hop tré khang.

2. Thiét ké va mé phéng

Dua trén céc két qua nghién ctu vé dia tron, ching toi dé xuét cu tric vat ligu bién hoa hap thu song
dién tir (MA) c6 lop dong pha kin mat sau, thay thé cau tric dia cong hudng Kim loai mét truge bang vat
liéu lai két hop gitra polymer va graphene (polymer dan), xen gita la 16p dién méi (D. T. Viet, 2014). Viéc

*Té&c gid lién hé:
Email: ledactuyen@humg.edu.vn
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sir dung vat liéu polymer dan mang lai nhiéu hiéu ung khac biét so véi cau tric MA truyén thong, boi kha
nang thay d6i d6 dan dién caa polymer tily theo thanh phan pha tap.

Hinh 1 trinh bay c4u trdc MA sir dung vat liéu polymer déan dién vai kich thudce 6 co sé hinh vudng la a
= 24 mm. Cau tr(c mit trudc gom 4 dia dat cach nhau mot khoang d va sir dung vat ligu 1a dong hoic
polymer dan véi d dan dién o co thé thay doi. Ban kinh va do day cac dia 1an lugt lar = 2,4 mm va t, =
0,036 mm. Lép dién moi FR-4 dugc dat o gitra c6 chiéu day ts = 1,60 mm, hang s6 dién mdi bang 4,0 va
do ton hao bang 0,025, mit sau dwoc phu kin bang I6p dong c6 do day tn = 0,036 mm véi do dan dién
5,96x107 S/m. Qua trinh md phong sir dung ngudn song dién tir chiéu tgi mat truéc MA, véi géc toi 0 va
g6c phan cuc ¢ c6 thé thay doi nhu hinh 1(a).

(a) (b))

4‘ ‘»

t, I,

Hinh 1. Cdu triic hinh hoc 6 co sé MA véi cdc tham;ér cdu tric @ =24 mm, r = 2,4 mm, t, = 0,036 mm,
te = 1,60 mm, tn = 0,036 mm, d cd thé thay doi. (a) Mat trude, (b) Mdt bén.

Chuing i sir dung phan mém mo phong CST (Computer Simulation Technology) Microwave Studio dé
thiét ké ciu tric va khao sat twong tac cua MA vé6i song dién tir. Py 1a mot phuong phép st dung ki thuat
tich phan hiru han (Finite Integration Technique - FIT) chia nho méi truong vat liéu, bién dbi cac phuong
trinh Maxwell va phwong trinh tan sic cua vat liéu tir khdng gian lién tuc dén khong gian roi rac, tao ra hé
phuong trinh ludi Maxwell (Maxwell’s Grid equations). Tir d6 dam bao céc tinh chét vat ly cua truong
dugc duy tri trong khdng gian roi rac va dan dén mot nghiém duy nhat. Do d6 FIT giai hé phuong trinh
Maxwell dudi dang tich phan thay vi vi phan.

Do 16p dong phia sau di day va khong cho song dién tir truyén qua, nén do hap thu caa MA ¢ thé dugc
tinh theo cong thuc: A(w) = 1 — R(w) = 1 — [S;1(w)]?, v6i R = |S;,]? 12 d6 phan xa va Sy lahé s6 phan
xa. Khi c6 su phol hop tré khang giita cdu trac va méi truong toi cua song dién tu, he sb phan xa rat nho,
khi d6 MA c6 thé hap thu hau hét song dién tir chiéu dén.

3. Két qua va thao luan
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Hinh 2. Phé hdp thu ciia MA véi cdu tric dia tron la do”‘ng‘)(dwéng mau den, dudi cung)
va polymer voi do dan thay doi
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Hinh 2 12 phé hap thu cua MA khi so sénh giita hai trudng hop st dung cau tric dia dong va polymer
dan. Véi cau trac dia dong, phd hap thy cé hai dinh cong huong phan biét tai tan s6 13,6 GHz (f1) va 25,0
GHz (f2). Vi tri hai dinh déu dich vé vang tan s6 thip hon khi thay dia dong bang polymer véi d6 dan dién
giam dan. C6 thé thy, so vai dong, do hap thu cia MA sir dung polymer cao hon nhiéu, dat 99% (f1) va
95% (f,) trong truong hop d6 dan dién o= 100 S/m.

Dé hiéu co ché vat Iy tao ra hai dinh cong huéng trong ciu tric MA, chiing toi khao sat sy phan b dién
trudng tai hai tin sb cong huong 13,6 va 25,0 GHz. Hinh 3 cho thiy & ca hai tin s6 cong hudng déu xuét
hién cong hudng ludng cuc dién duge kich thich trén cic dia polymer doc phuong ctia dién truong E
(phuong thing ding). Tuy nhién, phan b dién truong & 16p ddng phia sau lai rat khéc nhau. Cong huwong
tai f1 gay ra do cong huong tu, dién truong tap trung tai vi tri cac dia (D. T. Viet, 2014). Trong khi do, tai
tan sb f2, cong huong tir yéu hon, dién truong tap trung chu yéu & khoang céch giira cac dia. Két qua nay
cho thiy sy anh hudng cua hiéu ing tuong tac trudng gan gitra cac dia canh nhau da kich thich cong hudng

(H. L. Dang, 2017; B. S. Tung, 2020).
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Hinh 3. Phan bé dzen truong trén dia polymer mat trudc (a, b) va trén l6p d‘ong mdt sau (c, d) ciia cdu
triic MA tai tan sé 13,6 GHz (a, ¢) va 25,0 GHz (b, d) khi d¢ déan o = 100 SIm

Tinh chét hap thu song dién tir c6 thé duoc giai thich thong qua didu kién phdi hop tro khang cia MA

U N , . 1+S,,)*
va moi truong tai cua song dién tir theo cdng thac (D. R. Smith, 2005): Z = %
(1_ S11)
(b)
4 - [}
]
]
]
L [}
' ' 002 '
’ | £ .
! ' .g " '
' -~ ' | =2 04 o H
! .o R : N i| % ! AN i
[ A ' ‘\ : ; - ! * ~ :
: \‘ : v : s " \ '
“ ] . \ : ‘| 1 -2 ‘\ : ‘\ :
" Phan thue || i N - Phén thuc
Y DRA. 2 " " ! v 2 ’
Y Phan o " " 11 =7~ Phan ao
-4 T k! T T .l = -4 T T AL T T
8 12 1’ 20 24 28 8 12 6 20 24 28
Tan so (GHz) Tan so (GHz)

Hinh 4. Tré khéng ciia cdu triic MA sit dung dong (a) va polymer dén dién (b)
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Hinh 4 so sanh phan thuc va phan ao tré khéng cua MA lan luot trong hai truong hop sir dung ddng va
sir dung polymer dé dan dién 100 S/m & mat trudc. C6 thé thay, cau trdc MA st dung ddng khong thoa
mian diéu kién phdi hop tro khang ¢ ca hai tan s6 cong huang, dan toi hé s6 hap thu thap. Tuy nhién, ddi
v6i MA sir dung polymer dan dién, phan 4o cua tré khdng gan nhu bang 0 va phan thuc xap xi bang 1 tai
ca hai tan s6 cong huong 13,6 GHz va 25,0 GHz nhu trén hinh 4(b). Vi vay, tro khang cua MA polymer

tuong duong Vi tro khdng cia moi truong tai ca hai tan s nén do phan xa rat nho va do hap thy lon.
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Hinh 5. Su phu thudc ciia phé hap thu vao khoang cach d giita cac dia lién ké ciia cau triic MA dong (a)
va MA polymer (b) khi d thay doi tir 10,0 mm toi 6,5 mm. Tro khang cua cau tric MA dong (c)
va MA polymer (d) voi d = 6,5 mm

Dé thu duoc sy hap thu dai rong, chung t6i thay di gié tri cua khoang cach d giita cac dia canh nhau,
dan téi vi tri twong ddi cua cac dia s& thay doi theo dudng chéo cua 6 co so. Hinh 5(a) va 5(b) cho thiy anh
hwéng cua vi tri twong ddi gitta cac dia 1én tinh chit hip thu ddi véi ca hai loai vat lidu. Véi d = 10,0 mm,
cac dia tai thm cuia cac goc phan tu, vi vAy cau tric cia MA luc ndy hoan toan dbi xang. Khi d giam tir 10,0
mm xuéng 6,5 mm, phé hip thu xuit hién 7 dinh cong hudng r6 rét. Vi d = 6,5 mm, cac dinh cong huong
viing tan sé cao (tir 19,5 GHz dén 25,4 GHz, hinh 5(b)) cua c4u trac MA polymer déu dat trén 90%, trong
khi cAu tric MA st dung kim loai dong thi thap hon nhiéu. Diéu nay ¢6 thé duoc giai thich boi sy phéi hop
tro khang giita cau tric MA va moi trudng téi ctia song dién tir nhu trong hinh 5(c) va 5(d).

Ngoai ra, chiing t6i khao sat sy phan b6 dién truong cua cau tric MA polymer & ca mat truge (dia
polymer) va mat sau (tim dong) tai 7 dinh cong huong, Ian luot 14 12,5; 16,8; 19,5; 20,2; 21,9; 234,254
GHz (Hlnh 6). Quan sat thay, dinh cong huong tai tan s6 12,5 GHz la cong huong tir va la tan sb co ban
cuia cu trac. Tai tan sb cao hon, cac dia lién ké tuong tac v6i nhau tao ra sy hap thu da dinh va dai rong
véi nhiéu dinh cong huong gan nhau.

Cudi cung, ching toi khao sat su phu thudc phan cuc cua cau tric MA polymer. Phé hap thy phu thudc
vao goc phan cuc ¢ va goc téi @ lan luot trén hinh 7(a) va 7(b). Két qua nghién ctru chi ra MA polymer
khéng phu thudc vao su phan cuc cua séng dién tir do cau tric cong hudng duoc thiét ké déi xing. Khi géc
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toi tang, phd hap thu cua ciu tric MA polymer dich vé phia tan s6 cao hon, dan t6i hiéu suat hip thy cua
c4u tric giam va dong thoi 1am hep dai tan sé hap thu.
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Hinh 6. Phdn {)5 dién truong ciia cau triic MA polymer (@6 dan 100 S/m) tai mdt trude (a-g) va mdt sau
(h-n) tai cdc tan so 12,5 GHz (a,h); 16,8 GHz (b,i); 19,5 GHz (c,j); 20,2 GHz (d,k); 21,9 GHz (e,I); 23,4
GHz (f,m); 25,4 GHz (g,n).
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Hinh 7. Su phu thugc ciia phé hdp thu vao (a) géc phin cuc @ va (b) goc t6i 0 ciia song dién tir

4. Két luan

Chung t6i da d& xuat vat liéu bién hoa hap thu da dinh, dai rong song dién tir va khdng phu thudc phéan
cuc trén co sé polyme dan vai cdu hinh don gian. Két hop sir dung polymer d6 dan thip (100 S/m) va hiéu
(g tuong tac trudng gan cé thé tao ra dai hip thu tir 19,2 dén 26,0 GHz véi d6 hap thu trén 90%. Thiét ké
nay c6 thé dugc ap dung cho céc tin sé cao hon va rat hitu ich cho viéc ché tao vat liéu bién héa hip thu

dai rong.
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Nghién ciru ndy duoc tai trg boi Bo Gido duc va Pao tao (De tai mi s6 B2020-MDA-10) va Truong Dai
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ABSTRACT

Multiple-band and broadband metamaterial absorber
based on conductive polymer

Le Dac Tuyen'”, Pham The Linh? Tong Ba Tuan?, Tran Thi Ha?, Vu Dinh Lam?
! Hanoi University of Mining and Geology
2 Graduate University of Science and Technology

The achievements in advanced materials have played an important role and create breakthroughs in the
development of new technology. Metamaterial is an artificial structure designed to achieve the desired
property that natural materials do not exhibition. In recent years, great efforts have been made to adjust
their permittivity and permeability to create negative refractive materials, high-resolution lenses, or
electromagnetic absorption. We present a simple method to enhance bandwidth and absorptivity of the disk
resonator. Calculation results using CST (Computer Simulation Technology) Microwave Studio showed
that the conductivity of the polymer can manipulate the absorption properties. Simultaneous utilizing low
conductivity polymer and near-field coupling effect can create multi-band resonances, a 6.8 GHz bandwidth
with absorption over 90%. The proposed structure shows polarization-independent absorption behavior and
can be applied to fabricate broadband metamaterial absorber.

Keywords: Metamaterial; Broadband metamaterial absorber; Conductive polymer; Near-field coupling.
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E R?S E ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
FARTHSCIENCES AND A TAI NGUYEN VO'I| PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tac dong cua viéc van dung tro choi va cac hoat dong thuc hanh
ngon ngtr téi sinh vién trong giang day tieng Anh truc tuyen

Trwong Thi Thanh Thuy*, Tran Dinh Thudc?
! Truong Dai hoc M6 - Dja chat

TOM TAT

Bai bao khai quat hoa co so Iy luan vé tro choi va cac hoat dong thuc hanh ngdn ngir trong giang day tiéng
Anh néi chung, ddng thai mo ta cac tro choi va hoat dong ngdn ngir duoc &p dung trong giang day truc
tuyén cho 2 nhom sinh vién K64 trudng Pai hoc Mo - Dia chat hoc ky 2, nam hoc 2019 — 2020. Trén co s&
d6 tac gia thuc hién nghién ctu vé y kién phan hdi cua sinh vién ddi vai cac hoat dong da thuc hién. Két
qua nghién ctru khing dinh vai trd cua trd choi va cac hoat dong thuc hanh ngon ngix trong giang day tiéng
Anh tryc tuyén: tao khéng khi hoc tap vui veé, thic day dong co hoc tap, cung ¢ ngir phap, tir vung, phét
trién ky nang ngdn ngir cho sinh vién.

Tir khéa: Tro choi; hoat dong; day hoc truc tuyén; cang cb; phat trién.

1. Pit van dé

Viéc day va hoc ngoai ngir ndi chung, tiéng Anh nai riéng chwa bao gio 12 mot cong viéc dé dang véi ca
ngudi day va ngudi hoc. Tai cac co s gido duc dai hoc, noi phai chiu trach nhiém cam két voi xa hoi vé
dau ra cho san pham dao tao ciia minh, hon lac nao hét trach nhiém cua ca thay va trd can tra loi cau hoi:
“day va hoc thé nao dé sinh vién sau khi ra truong c6 thé st dung duoc tiéng Anh trong cong viéc va cuc
sdng?” Thyc té da chirng minh viéc hoc ludn can di déi voi hanh. Thyc hanh 1a yéu té thiét yéu gidp rén
luyén va phat trién cac k¥ nang ngdn ngit. Viéc thyc hanh can dién ra lién tuc, thuong xuyén ca trong 16p
va ngoai 16p hoc. Trén 16p hoc, véi sy huéng dan cua gido vién, sinh vién sé c6 co hoi duoc thuc hanh cac
hién tuong va k¥ nang ngén ngir nham tao co s& nen tang cho viéc tu hoc, tu phat trién ban than ngoai 16p
hoc. Tuy nhién, do luong kién thirc va k¥ ning can luyén tap trong céc gio hoc trén I16p kha 16n nén sinh
vién d6i khi s& co cam giac nham chan, mét moi néu phai lap di 1ap lai cac dang bai tap thuc hanh. Pa dang
hoa cac hoat dong thuc hanh ngdn ngit cung vai viéc ap dung hop 1y céc trd choi trén 16p hoc 1a mét goi y
day tinh sang tao nham thuc day qué trinh thuc hanh ngén ngit cho sinh vién din ra mot cach hiéu qua va
hirng tha hon.

Tro choi trong gidng day ngoai ngir theo Byme (Byme, 1980) la mot hinh thirc choi theo cac qui tac va
ban chit cua ching rat tha vi va vui vé. Ciing dé cap t6i tro choi, Greenall (Greenall, 1990) da cu thé hod
c4c dac tinh cia tro choi nhu sau: “thuat ngit “trd choi” dugc st dung bét cir khi nao cé yéu t6 canh tranh
gitra cac sinh vién hogc cac nhém trong mot hoat dong ngon ngir.” Ban vé vai tro cua tro choi trong day va
hoc ngdn ngix, Wright (Wright, A. va nnk., 1984) da nhan manh tim quan trong cua viéc tng dung tro choi
trong day va hoc ngoai ngir. Theo céc tac gié , khi gido vién ap dung cac tro choi trén 16p, ngbn ngir dugc
thuc hanh trong ngir canh va tré nén ¢ ¥ nghia hon.

Trong giang day tiéng Anh & Viét Nam, qua viéc &p dung phuong phap duong huéng giao tiép véi muc
tiéu lay nguoi hoc 1am trung tam, viéc str dung tro choi va cac hoat dong ngdn ngit nham phat trién kién
thirc va céc k¥ ning ngdn ngir cling da duoc céc nha gido duc luu tim. Trong nghién ctru ctia minh, cac tac
gia Huyén (Huyén N.T va nnk., 2019) d4 néu bat tim quan trong ciia tro choi ngon ngit ciing nhu phuong
phép sir dung trd choi trong giang day tiéng Anh. Ciing dé cap t6i hoat dong trd choi ngén ngir, Chau (Chau
D.N., 2008; Huyén N.T.va nnk., 2003) da nghién cru V& tinh hiéu qua cua viéc sir dung trd choi trong cac
hoat dong day va hoc tir vung. Trong nghién ctru ciia minh, Tuan (Tuin L.T. va nnk., 2010) néu Ién hiéu
qua cua viéc day va hoc ngir phap thong qua hoat dong tro choi. Cac nghién clru cua cac tac gia néu trén
déu cho thiy tro choi va cac hoat dong gilp viéc thuc hanh ngdn ngi c6 hiéu qua ciing nhu giup tao khdng
khi vui vé thoai mai trong I6p hoc.

Nhur vay, cac nghién ctru trong va ngoai nude déu co chung nhan dinh vé vai trd quan trong cua tro choi
va cac hoat dong ngdn ngir trong giang day ngoai ngir ndi chung, tiéng Anh néi riéng dong thai khuyén

*Tac gia lién h¢
Email: truongthithanhthuy@humg.edu.vn
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khich gido vién van dung mét cach sang tao cac hoat dong nhu vy trong qua trinh day va hoc. La nhiing
giang vién tiéng Anh tai truong dai hoc Mo - Dia chét, véi dbi tugng hoc 1 sinh vién thugc khéi ky thuat,
nhom tac gia ciing da va dang ap dung cac hinh thiic hoc tap da dang phong phd nham ting cuong tinh
tuong tac va kha nang sir dung tiéng Anh cho sinh vién théng qua cac hoat dong tro choi ngén ngit nham
tao khdng khi hoc tap vui vé ciing nhu giup sinh vién c6 thém dong luc hoc tap.

Hoc ky 2 nam hoc 2019 — 2020 d4 ching kién mot giai doan day thir thach dbi véi ngudi day va nguoi
hoc khi ma viéc day va hoc duoc thuc hién truc tuyén thay vi truc tiép trén 16p nham phong chéng dai dich
Covid 19. Bé lam quen v&i méi trudng day hoc méi, cac giang vién da tich cuc trang bi cac kién thic va
k¥ nang can thiét ho trg cong viéc giang day truc tuyén mot cach trdi chay va hiéu qua trén mot nén tang
hoc tap do nha truong qui dinh. Tai truong Dai hoc M6 - Dia chit (HUMG), cac khoé hoc truc tuyén duoc
thuc hién trén nén tang Microsoft Ofice 365. Khi méi bit diu giang day truc tuyén, cac giang vién thuc sy
da ddi mat vai rat nhicu kho khin do cac thay c6 da co6 mot thoi gian dai quen véi viéc sir dung phuong
phép giang day truyén thong gan lién vai bang, phan va méi truong day hoc twong tac truc tiép. Cau hoi
dat ra d6i voi cac giang vién, nhat 1a giang vién tiéng Anh 1a lam thé nao dé ting tinh tuong tac cta sinh
vién trong céc gio hoc truc tuyén boi néu khong c6 cac phuong phap thich hop, giang vién sé& tro thanh
ngudi doc thoai trong gio hoc, va khdng con 1a ngudi huéng din, nguoi truyén cam hing hay nguoi diéu
hanh 16p hoc.

Véi mong muén chia sé voi cac dong nghiép vé y nghia cuia viéc da dang hoa cac hoat dong khi day hoc
truc tuyén, trong pham vi bai b4o, nhém tac gia tap trung md ta cac tro choi va hoat dong ngdn ngir duoc
&p dung trong giang day truc tuyén cho 02 nhém sinh vién K64 (nam thir nht) truong Pai hoc Mo - Dia
chat hoc ky 2 nam hoc 2019 — 2020. Bé khing dinh tinh khach quan caa nghién ctru, nhém tac gia da thuc
hién khao sét 1y y kién phan hdi cia sinh vién di v6i cac hoat dong da thuc hién nham xac dinh tac dong
cua viéc van dung tro choi va cdc hoat dong thuc hanh ngdn ngir t6i sinh vién trong giang day tiéng Anh
truc tuyén.

2.Coso ly thuyé'trvz‘l phwong phap nghién ciru
2.1. Co sé ly thuyet

Qua phéan tich c&c nghién ciru cua cAc tac gia trong va ngoai nudc & trén cho thay, viéc ap dung cac hinh
thirc tro choi va hoat dong thuc hanh ngon ngir trong giang day tiéng Anh da duoc khang dinh la hitu ich
va mang lai hiéu qua t6t hon. Ban vé vai tro cua tro choi trong day va hoc ngon ng, Wright (Wright, A.
va nnk, 1984) khang dinh: “Hoc ngdn ngir 1a cong viéc kho khan. Nguoi hoc can nd lyc & moi thoi diém
trong mot thoi gian dai. Tro choi gitp d& va khuyén khich nhiéu ngudi hoc duy tri sy yéu thich hoc tap va
nang cao dong luc hoc tap”, ddng thai “trd choi gitip gido vién tao ra ngit canh trong d6 ngdn ngir tré nén
hiru ich va c6 ¥ nghia.” Trén co s¢ do, nhom tac gia da van dung sang tao cac tro choi va hoat déng ngén
ngir trong giang day tiéng Anh truc tuyén va tir d6 dua ra nhirng nhan xét vé tac dong cua hoat dong nay
dbi vai cac sinh vién tham gia khéa hoc.

2.2. Phwong phdp nghién ciru va céch thic tién hanh
2.2.1. Phuong phap nghién cuu

Phuong phap nghién cuu dugc ap dung trong nghién ctu nay 1a thuc hién khao sat bang bang cau hoi,
phan tich tai liéu va téng hop s6 liéu thu thap dwoc tir khao sat. Nghién ciru dugc thuc hién dbi véi 85 sinh
vién nam thir nhat (K64) nhom 32 va nhom 33 truong Pai hoc Mo - Dia chat, hoc phan tiéng Anh 2 thoi
lwong 3 tin chi, thoi gian hoc truc tuyén tir thang 2/2020 dén thang 5/2020. Giao trinh chinh dugc st dung
ddi véi trinh do nay 1a gi4o trinh New English File Pre-Intermediate. Bang khao sat goém 9 cAu hoi tap trung
ldy y kién nguoi hoc vé tac dong cua van dé nghién ciru téi khdng khi 16p hoc néi chung va ca nhan ngudi
hoc ddng thoi khao sat y kién vé anh huong cua cac trd choi va hoat dong ngdn ngir téi viéc rén luyén cac
kién thirc va ki ning ngdn ngi.

2.2.2. Mé ta nghién cuu

Khi day hoc tiéng Anh truc tuyén, gi4o vién can tranh doc thoai trong gid hoc. Téng lugng thoi gian trinh
bay cuia gido vién trong mot gid hoc 50 phit khdng nén kéo dai qua 15 phat, bai ngudi hoc s& mét tap trung
va cam thay nham chan néu khong duoc thuc hién céc hoat dong tuong tac. Thoi gian con lai cua gio hoc s&
duoc gianh cho phan hoat dong thuc hanh. Trong céc gid hoc truc tiép, gido vién tiéng Anh dugc coi 1a nhiing
chuyén gia t6 chirc cac hoat dong thuc hanh ngdn ngir mot cach nhuan nhuyén va thuan thuc. Khi chuyén sang
giang day truc tuyén, cac giao vién nén khai théc cAc ng dung sin c6 nham ting tinh tuong tac trong thoi
gian thuc hanh ngdn ngir. Trong thoi gian giang day tiéng Anh truc tuyén cho cac nhom sinh vién Tiéng Anh
2 nhém 32, Tiéng Anh 2 nhém 33, K64 nhdm tac gia da st dung cac wng dung dudi day nham gidp sinh vién
thyuc hanh ngir phap, tir vung tiéng Anh ciing nhu phat trién bon ky ning ngdn ngi.
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2.2.2.1. Ung dung thuc hanh ngir phép va tir vung tiéng Anh

Trong qué trinh giang day céc 16p tiéng Anh truc tuyén, nhom tac gia da st dung wng dung Quizziz
nham gitip ngudi hoc thuc hanh luyén tap céc hién twong ngix phép va tir vung tiéng Anh. Day la mot tng
dung c6 5 dang thirc cau hoi: cau hoi trac nghiém (multiple choice), hop kiém (checkbox), dién vao chd
trong (fill-in-the-blank), khao sét y kién (poll) va cau hoi mo (open ended). Sau khi dang ky tai khodn tai
Quizziz.com, giao vién c6 thé tu thiét ké cac quizziz riéng caa minh hoic khai théc cac quizziz sin c6 tur
nguon tai nguyén mo. Bé luyén ngir phap va tir vung cho sinh vién, giéo vién lya chon Quizziz phu hop
nhat vai bai hoc, chiéu ma tro choi trén man hinh chia sé trong Teams, huéng dan sinh vién vao choi truc
tuyén trén dién thoai hodc may tinh. QulZZlZ dugc thiét ké dya trén hinh thire tro choi nén rat thu hit ngudi
hoc bai tinh canh tranh cao. Gido vién c6 thé két thuc tro choi tai céc thoi diém phu hop va ket qua cua
timg nguoi tham duy s& duoc hién thi trén man hinh. Giéo vién s& cung sinh vién kiém tra truc tlep cac cau
hoi trong Quizziz va giai thich cac lya chon diing ciing nhu phan tich cac 1i sai ma sinh vién van con méc
phai.

2.2.2.2. Ung dung thyc hanh k§ ning ngon ngit

Dé thuc hanh cac ky ndng ngdn ngir, mdi truong hoc tap truc tiép van luon 1a diéu kién 1y tuong cho ca
thay va tro. Tuy nhién dé khai thac hiéu qua thoi gian thuc hanh trong hoc truc tuyén, giéo vién co thé sir
dung nhiéu ung dung da dang, sinh dong nham hd trg sinh vién thyuc hanh, twong tac.

Dbi véi ki nang doc hiéu, nhém tac gia da sir dung hoat dong Matching pairs hoac Time to climb trong
g dung Nearpod. Trudc gid hoc truc tuyén, gido vién dang ky tai khoan vao Nearpod, lya chon hoat dong
Matching pairs hozc Time to climb va thiét ké cac bai thuc hanh phu hop véi yéu cau cua bai doc hiéu. Vao
gio hoc, gi4o vién giri link Nearpod bai thuc hanh téi sinh vién trong nhém Teams va céc sinh vién ddng
thoi lam bai tap theo yéu cau cua gi4o vién. Khi gido vién két thic hoat dong, mot bao cdo két qua thuc
hanh cua sinh vién dugc gui cho gido vién theo dia chi email gido vién cung cap. Ngoai cac hoat dong trén
ung dung Nearpod, tac gia con khai thac ing dung Quizziz dé b sung thém céc hoat dong thuc hanh luyén
k¥ nang doc hiéu cho sinh vién. T4c gia da thiét ké lai cac bai thyc hanh Iuyen ky nang doc hiéu trong giao
trinh trén ung dung Quizziz va trong gio hoc truc tuyén, sinh vién tra loi cu hoi truc tiép trén Quizziz dong
thoi doc bai doc hiéu trong gido trinh sin cd (& trinh d6 nay 1a gido trinh New English File Pre-Intermediate).

Khi thuc hanh k§ ning néi trong day hoc truc tuyén, gid hoc s& té nhat va khong khai thac duoc téi da
thoi gian néu nhu gido vién chi don thuan goi sinh vién theo danh sach dé tra 1oi cac cau hoi hay néi vé mot
chu dé cho truéc. Thao luan theo nhém truc tuyén 14 mot giai phéap nham khuyén khich trao d6i gitra cac
sinh vién. Trudc khi vao gio hoc, gido vién chia 16p hoc ra thanh cdc nhom nhd, trong trueong hgp nay 1a 9
nhém. Trén Ms Teams, thao tac chia nhém mét khoang 5 phut véi cac cong viéc nhu thém kénh, thém tén
sinh vién vi du nhu 5 sinh vién vao 1 nhom thao luan kin theo cac kénh mai tao. Trén I6p truc tuyén vao
gio thyc hanh ky néng noi, gido vién giao nhi¢ém vu cho ting nhom, tao cac cugc hop riéng cua moi nhom,
yéu ciu sinh vién vao dang kénh hop nhém riéng cua minh, va thao luan chu dé duoc phan cong. Trong
thoi gian sinh vién thuc hanh, gido vién c6 thé tham du vao bét ky nhém thao luan nao dé dwa ra cic trg
gidp can thiét.

Pé thyc hanh k§ nang nghe hiéu trong gio hoc truc tuyén, nhém tac gia da khai thac hoat dong Matching
pairs trong tng dung Nearpod st dung cac dang bai luyén tap nhu sip xép cac buc tranh theo thir tw dwoc
nhéc tdi trong mot doan audio. Dang hoat dong Quiz trong wng dung Nearpod 4p dung véi cac dang bai tap
nghe hiéu tric nghiém xuét hién trong giéo trinh Key to English Test (KET). Hoat dong Quiz c¢6 cac uu
diém vuot troi gidp gido vién chén hinh anh, audio, hoic video vao bai luyén nghe truc tuyén.

Ky néng ngdn ngir duogc dé cap tiép sau day 1a thuc hanh k§ nang Vlet mot k§ nang san sinh ngbn ngt
can rat nhiéu thoi gian thuc hanh ca trén 16p hoc truc tiép va truc tuyén. Trong tng dung Nearpod tac gia
da str dung hoat dong Collaboration hozc Collaborate board. Thoi gian thuc hanh k§ ning viét trén 16p hoc
truc tuyén sir dung Collaborate board, c4c sinh vién hoan thanh bai tap thuc hanh viét cé thé gui bai viét
cta minh 1én nhém ma nhirng sinh vién khéac trong I6p khong thé doc dugc bai viét ¢6 néu nhu gido vién
chura cho phép. Diéu nay thuc sy c6 wu diém bai cac sinh vién khdng thé chép bai viét cia nguoi khéac. Chi
khi thoi gian luyén tap két thic, gido vién sé click vao tirng bai viét va ca 16p sé cung doc cau tra 1o, cling
chira bai. Néu cau tra loi ding hogc bai viét phi hop véi yéu cau, giéo vién s& dé lai bai viét do treo trén
bang, hodc gi4o vién s& xoa bai viét néu thay chua phu hop. Sau khi stra bai, trén bang chi con treo lai cac
CAu tra loi diing va cac bai viét phu hop vai yéu cau dé ra.

3. Két qua va thao luan

Dé danh gia hidu qua cua viéc ap dung tro choi va cac hoat dong ngon ngir trong giang day tiéng Anh
truc tuyen, nhom tac gia da tien hanh dieu tra khao sat truc tiep bang bang hoi doi véi 2 nhom sinh vién
tiéng Anh 2 nhém 32, 33, K64 truong dai hoc M6 - Bia chat. Cac cau hoi dugc do bang thang diém Likert
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5 bac, vai cac lya chon: 1 = hoan toan khong ddng ¥; 2 = khong ddng y; 3 = khdng c6 y kién; 4 = dong y;
5 =hoan toan dong y.

85 sinh vién duoc lya chon dé tién hanh khao sat véi 85 phiéu hop 1¢ duge dem vao phan tich. Két qua
nghién ciru dugc thong ké nhu bang sau:

Bang 1. Thong ké két qua nghién citu

Giatri | Giatri | Giatri

Cau héi/bién quan sat Miu | nhé lén trung }Zm%%h
] nhat nhat binh
Str dung tro choi kién thic va cac hoat dong ngon
ngir trong giang day tiéng Anh truc tuyén la can | 85 1 5 4,07 0,99748
thiét
Str dung tro choi kién thic va cac hoat dong ngon
ngir trong giang day tiéng Anh truc tuyén tao ra 85 1 5 4.13 1,03266

bau khong khi vui vé, thoai mai trong 16p hoc va
tao hung thu hoc tap cho sinh vién

Str dung tro choi kién thirc va cac hoat dong ngén
ngir trong giang day tiéng Anh tryc tuyén thuc day | 85 2 5 3,89 0,97619
ddng co hoc tap tiéng Anh ddi vai sinh vién
Tham gia trd choi kién thirc va cac hoat dong ngon
ngir trong hoc tiéng Anh tryc tuyén rén luyén ky | 85 1 5 3,93 1,02107
nang doc hiéu cho sinh vién

Tham gia trd choi kién thirc va cac hoat dong ngon
ngir trong hoc tiéng Anh tryc tuyén rén luyén ky | 85 1 5 3,93 1,04412
nang nghe hiéu cho sinh vién

Tham gia trd choi kién thirc va cac hoat dong ngén
ngir trong hoc tiéng Anh tryc tuyén rén luyén ky | 85 1 5 3,67 1,15870
nang viét cho sinh vién

Tham gia tro choi kién thuc va cac hoat dong ngbn
ngir trong hoc tiéng Anh tryuc tuyén rén luyén ky | 85 1 5 3,92 1,01432
nang noi cho sinh vién

Tham gia tro choi kién thirc va cac hoat dong ngdn
ngir trong hoc tiéng Anh truc tuyén rén luyén ngir | 85 2 5 3,96 0,95677
phép cho sinh vién

Tham gia trd choi kién thirc va cac hoat dong ngon
ngit trong hoc tiéng Anh truc tuyén rén luyén tr | 85 2 5 4,00 0,97590
vung cho sinh vién

Dir liéu bang trén cho thay 6/9 cau hoi c6 gié tri nho nhat duogc lua chon 1a 1, 3/9 cau hoi c6 gia tri nho
nhét dugc lua chon 14 2 va tit ca cac cau hoi déu c6 gia tri Ion nhat 1a 5, d6 léch chuan dao dong quanh muc
1. C4c gia tri trung binh cua cac cau hoi déu Ion hon 3, trong dé gia tri trung binh nho nhét 1a 3,67 va gia
tri trung binh Ién nhit I 4,13. Két qua nay cho thiy da s6 sinh vién duoc hoi déu ung ho viéc sir dung trd
choi va cac hoat dong ngdn ngir trong day va hoc tiéng Anh truc tuyén. Cu thé:

- Gi4 tri trung binh cao nhat cua cac cau tra loi 1a 4,13 cho thay hau hét sinh vién dugc hoi déu nhat tri
cho ring viéc sir dung tro choi va cac hoat dong ngdn ngit trong day va hoc tiéng Anh truc tuyén gitp bau
khong khi 16p hocvui ve, thoai mai va tao hing thi hoc tap cho sinh.

- Y kién cua sinh vién dbi vai sy can thiét cua viéc st dung tro choi va cac hoat dong ngon ngir trong
day va hoc tiéng Anh cho gid tri trung binh 13 4,07. Dleu nay chung to dai da s6 sinh vién cho ring sir dung
trd choi va cac hoat dong ngdn ngi trong day va hoc tiéng Anh 1a rat can thiét.

- Y kién cua sinh vién ddi véi dong co hoc tap tiéng Anh cho gia tri trung binh Ia 3,89 chiing t6 da phan
sinh vién dugc hoi déu nhan théy viéc gido vién sir dung trd choi va cac hoat dong ngdn ngir trong giang
day tleng Anh tryc tuyén thic day dong co hoc tap cua sinh vién.

- Y kién ciia sinh vién d6i véi viéc tham gia cac tro choi va hoat dong ngon ngir trong hoc tiéng Anh
truc tuyen gidp rén luyén tir vung va ngir phap cho gia tri trung binh lan luot Ia 4,00 va 3,89 ching to dai
da s0 sinh vién ing ho viéc tham gia céc tro choi va hoat dong ngon ng, sinh vién c6 co hoi hiéu tir va cac
hién twong ngit phap méi, tro gidp 6n tap tir vung, ngir phap, tir d6 s& tich liy duoc vbn tir vieng, ndm chac
ngit phéap.- Y kién cua sinh vién dbi véi viéc tham gia cac tro choi va hoat dong ngbn ngt trong hoc tiéng
Anh tryc tuyén rén luyén ki ning doc hiéu, nghe hiéu, néi va viét cho gié tri trung binh lan luot 1a 3,93,
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3,93, 3,92 va 3,67. Biéu nay cho thiy phan Ién cac sinh vién ddng tinh véi viéc sir dung cac hoat dong gitp
phét trién bbn ky nang ngon ngi.

Két qua nghién cau cho thay viéc sur dung cac tro choi va hoat dong ngdn ngit trong giang day tleng
Anh tryc tuyén 1a phuong phap hd tro hitu hiéu nham tao bau khong khi 16p hoc vui vé, thoai mai, thuc day
dong co hoc tap cua sinh vién, gilp sinh vién phat trién dong déu bon k§ nang ngdn ngir: nghe, noi, doc,
viét dong thoi cang cb va phét trién von tir veng va ngir phap cho sinh vién.

4, Két luan

Cho du viéc day va hoc tiéng Anh dién ra & méi truong truc tiép hay truc tuyén thi hang tha hoc tap
ciing luén 1a diéu ma mdi gi4o vién can luu tam t6i boi hing tha ciing chinh 1a mot loai dong co thiic day
con nguoi hanh dong dé dat duoc muc tiéu. Dé tao dugc hitng thd hoc tap cho sinh vién, viéc lua chon
phuong phap giang day rat quan trong, dac biét ddi véi méi trudng hoc truc tuyén nhu hién nay. Viéc sir
dung cac trd choi va hoat dong ngdn ngir trong day va hoc tiéng Anh truc tuyén cé tac dung tich cuc trong
viéc tao hiing tha hoc tap cho sinh vién, cai thién bau khong khi 16p hoc, thiic ddy dong co hoc tap va gitp
rén luyén, phat trién céc kién thirc va kj nang ngon ngit. Qua két qua nghién ciu trén, nhém tac gia dé xuat
khuyén khich gido vién tiéng Anh st dung céc tro choi va hoat dong ngoén ngir trong giang day truc tuyén.
Tuy nhién, trong qua trinh giang day, ddi vai ting 16p hoc va bai giang cu thé, gido vién can c6 nhiing van
dung linh hoat dé khai thac t6i da cac wu diém va giam thiéu cac nhuoc diém cia cac tro choi va hoat dong
ngdn ngit trong 16p hoc tiéng Anh truc tuyén.
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ABSTRACT

The effects of using games and language activities
on students in teaching English online

Truong Thi Thanh Thuy™*, Tran Dinh Thuoc?
! Hanoi University of Mining and Geology

The article generalized the theory on games and language activities in teaching English in general and
teaching English online in particular. At the same time, it also described the games and activities applied
in online English courses for the two groups of first year students at Hanoi University of Mining and
Geology in the second semester of 2019-2020. Accordingly, the authors carried out a research on students’
feedback on the games and activities used. The research results assured the role of such activities in teaching
English online: creating cheerful learning atmosphere, promoting learning motivation, revising grammar
and vocabulary, improving language skills for the students.

Keywords: Games; activities; online teaching; revising; improving.
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Nhitng yéu té quan trong
trong viéc xay dung chuong trinh day ngoai ngir

Nguyén Thi Hong Van*
Truong Dai hoc M¢ - Dja chat

TOM TAT

Ngoai ngir ngay cang khiang dinh dugc tim quan trong cua né trong thoi dai con ngudi trén khip thé gigi
giao Iuu, hoc hoi va hop tac kinh doanh véi nhau. Moi ngudi trén thé gidi ciing nhu & Viét Nam d nhan
thirc duoc tam quan trong cua viéc biét ngoai ngir ddi voi doi séng vat chit, tinh than va xa hoi cua ho va
vi thé phong trao hoc ngoai ngir ngay cang sau rong va lan toa. Bé dap tmg dugc nhu cau hoc ngoai ngi,
ngoai co s vat chat thi mot chwong trinh hoc tap c6 chét lugng, phi hop véi nhu cau ciia ngudi hoc va xa
hgi la mét trong nhimng diéu kién tién quyét. Vay mot chuong trinh hoc ngoai ngir c6 hi¢u qua phai bao
goém nhiing yéu té nao? Bai béo nay gidi thiéu va phan tich nhitng yéu t quyét dinh chit lwong cua mot
chuong trinh day ngoai ngi.

Tirkhoa: Yéu té; xay dung; chuong trinh; ngoai ngit.
1. Pit véan dé

Tam quan trong cua viéc hoc ngoai ngit trong thoi dai hign nay 1a mot diéu kho ai c6 thé phu nhan. Trong
xu thé toan cau hda va hoi nhap thi ngoai ky nang nghé nghiép hay kién thuc chuyen mon, luc luong lao
dong chat luong cao luén kém theo yéu cau vé kha ning st dung ngoai ngir dé c6 thé lam viéc tt, dong
thoi tu dao tao va tai dao tao nhim nang cao niang lyc hon nira. Tuy nhién viéc hoc ngoai ngir ¢ hiéu qua
hay khéng con phu thudc vao nhiédu yéu té nhu viing mién, dong co, nhu ciu, thai do, phong cach va diéu
kién hoc tap. Quan trong hon nira Ia mét chuong trinh dao tao dugc xay dung phu hop véi nguoi hoc. Do
vay, khi thiét ké va xay dung mot chuong trinh hoc ngoai ngit, can xét dén nhirng yéu t6 anh huong dé co
thé cho ra doi mot chuong trinh pht hop va hiéu qua nhat véi mot nhom déi tugng cu thé. Trong béo cao
nay, tac gia dé cap va phan tich mot sé yéu té quyét dinh hiéu qua cua mot chuong trinh day ngoai ngi.

2. Co s ly thuyét va phwong phap nghién ciru
Phuong phap thu thap tai liéu va phan tich ly thuyét dugc téc gia ap dung trong bao c4o nay.

3. Két qua, phan tich két qua, thao luan
3.1. Dinh nghia

Chuong trinh hoc c6 thé duoc hiéu 1a cac khéa hoc c6 noi dung
duoc thiét ké boi mot truong dai hoc hay mot hoc vién. N6i theo céch
cu thé va khai quat hon thi d6 1a noi dung kién thac ma sinh vién s&
hoc, phuong phap hoc tap cua ho, phong cach giang day va danh gia 1

Muyc cich va myc tidy

ctia gido vién, hoc liéu va co so vat chat caa co sé dao tao. (Rogers,

1989). Khai niém chuong trinh dugc minh hoa theo so d6 bén. .
So d6 nay minh hoa cAc yéu cau co ban ciia mot chwong trinh dao Noi dung

tao. D6 1a: Ngoai viéc quan tdm dén nhu cau cia ngudi hoc, chuong

trinh cin dé ra muc tiéu caa khéa hoc, trinh d6, yéu cau vé kinh nghiém 1

Cua gido vién dé dat duoc duoc muc tiéu d6 va cudi cing 1am sao dé

t6 chirc cac hoat dong day hoc c6 hiéu qua (Tyler, 1949). Cy thé hon, To chire
c6 thé noi dap tmg dwoc mong mudn cua ngudi hoc (ndng cao trinh

d6) chinh la Myc tiéu cia mot chuong trinh. Ngi dung cua chuong trinh l
thé hién trong d& cuong chwong trinh. Hoat dong day cua giéo vién,

hoat dong hoc cua sinh vién thé hién cach thic Té chie, thuc hién Pénh gia

chuong trinh. Viéc Panh gid két qua hoc tap cua sinh vién va chat
lugng chuong trinh 13 khau cudi cung (Breen, 1980).

* Tac gid lién hé:
Email: sugiang9799@gmail.com
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Sau day, chung toi xin phan tich mot s6 yéu té cu thé anh huong dén viéc xay dung chuong trinh hoc nhur:
Nhu cau ciia nguoi hoc, D& cwong chuong trinh, Gido vién va Panh gia.

Qua phéan tich cac nghién ciru cua cAc tac gia trong va ngoai nudc o trén cho thay, viéc ap dung cac hinh
thire tro choi va hoat dong thuc hanh ngon ngir trong giang day tiéng Anh da dugc khang dinh Ia hitu ich
va mang lai hiéu qua t6t hon. Ban vé vai tro cua tro choi trong day va hoc ngon ngir, Wright, A. va nnk
(1984) khang dinh: “Hoc ngdn ngu la cdng vi¢e kho khan. Ngu’o‘l hoc can nd lyc & moi thoi diém trong mot
thoi gian dai. Tro choi giup 4o va khuyen khich nhiéu nguoi hoc duy tri sy yéu thich hoc tap va nang cao
dong luc hoc tap”, ddng thoi “trd choi gitip gido vién tao ra ngi canh trong d6 ngdn ngit tré nén hitu ich va
c6 y nghia.” Tren co s¢ d6, nhom tac gia da van dung sang tao cac tro choi va hoat déng ngdn ngir trong
giang day tiéng Anh tryc tuyén va tir d6 dua ra nhiing nhan xét vé tac dong ciia hoat dong nay ddi véi cac
sinh vién tham gia khda hoc.

3.2. Nhu cdu ciia nguwéi hoc

Trong bét ki chuong trinh hoc nao, viéc phan tich nhu cau cua nguoi hoc déu rat quan trong. Nhu cau
trong gi4o duc cuia ngudi hoc dugc hiéu 1a nhitng gi ho mong muén dat duoc, nhitng yéu ciu, ki vong, dong
co hoc tap cua ho. Nhu cau hoc tap/muc tiéu cua chuong trinh ciing ¢ thé duoc xac dinh théng qua viéc
phan tich nhitng yéu diém cua ngudi hoc va nhitng mac cam tu ti vé trinh d6 cia ban than ho (Brindley,
1984).

N6i mot cach khac, nhu ciu chinh la khoang céch giita nang lyc hién tai cia ngudi hoc véi cai ho can
dat dugc. D6 1a nhitng mong muén cia ngudi hoc tir chuong trinh va mot chuong trinh ¢ chét lugng phai
phét hién, phan tich va dap tng dwoc nhitng mong muén d6. Do vy, muc tiéu cua chuong trinh chinh 1a
dap g nhu cau cta ngudi hoc va ngudi xay dung chuwong trinh can phan tich cac van dé sau:

- Kién thire da co, diéu kién hoc tap trudce kia, nhimg dic diém vin hoa riéng biét (néu c6), phuong phap
hoc, thoi gian dau tu cho mén hoc... cia nguoi hoc.

- Céc k¥ ning ngén ngir cu thé ma ngudi hoc can ¢6 & giai doan hién tai.

- Chuong trinh hi¢n tai c6 dap tmg duoc nhu cau cua mot s6 nguoi hoc tiém nédng hay khong?

- Mot/vai ky nang ngon nglr cu thé ma sinh vién ¢ thé dang can phat trién, cai thién nhat.

- Khoang cach wéc tinh gitra nang luc hién tai va ning luc can dat cua sinh vién.

3.3. Pé cwong chwong trinh

Phin quan trong va thyc tidn nhat cuia mot chwong trinh chinh 1a dé cuong chwong trinh. Dé cuong
chuorng trinh dat ra muc ti€u va muc dich cta khoa hoc, Xép nhom céc sinh vién va dinh huéng danh gia
sinh vién, tai li¢u, ngi dung bai hoc va lich trinh giang day. D¢ cuong chuong trinh duoc vi nhu chiéc xwong
séng con cac thanh phan khac cung gop vao dé tao nén mot co thé hoan chinh (Richards, 2001). NOi cach
khéc, noi dung va cach thire sinh vién s& hoc duoc thé hién & dé cwong chwong trinh mot céch chi tiét. Do
vay, Viéc viét dé cuong chuong trinh can rat than trong, ti mi va can duoc thyc hién boi nhitng nguoi giau
kinh nghiém, c6 trinh d6 cao.

3.4. Gido vién

Doi ngili gido vién dong vai tro quan trong trong tién trinh day hoc. Day la nhirng nguoi truc tiép truyén
dat, giang giai nhirng kién thirc trong sach gido khoa tsi sinh vién, trg gilp sinh vién trong qua trinh hoc
tap. Ho la nhitng nguoi sau sat nhét véi tirng ngay hoc tap cua sinh vién, nim bit duoc diém manh, yéu va
nhitng yéu cau can dat dugc tiép theo cua ting sinh vién. Ho c6 thé 1am giam thiéu nhirng han ché cua gido
trinh hay hoc liéu kém chét lugng va phét huy téi da nhitng diém manh cua mot giéo trinh tét. Didu nay
phu thudc vao trinh d6, phuong phéap, kién thac nén, kinh nghiém va sy nhiét tinh cua ho (Richards &
Rodgers, 2001). Vi vay, doi ngii gido vién gioi, nhiét huyét gép phan khong nho vao thanh cong cia nguoi
hoc ciing nhu cua chwong trinh. ) )

Luu y 1a yéu t6 nguoi hoc va gido vién ludn tuong tac, hd tro va anh huong dén nhau. Khong dbi tugng
nao co thé ton tai riéng ¢ khi thiéu d6i tuong kia va nguoc lai.

3.5. DPdnh gid
Danh gia bao gom hai khia canh 1a danh gid sinh vién va danh gid chwong trinh.
3.5.1. DPanh gid sinh vién

Viéc danh gia sinh vién vira cho ban than ho biét ho da tién bo hay khong, mic d¢ tién bo nhicu hay it,
vira la phan hoi dang tin cay veé chat lugng cta chuong trinh hoc da dugc thuc hién. Két qua cua céc hinh
thirc danh gia nhu kiém tra, thi hay khao sat, diéu tra... c6 thé gitp két luan mot chuong trinh c6 dat myc
tiéu, muc dich da dit ra ban dau hay khong. Két qua cua cac bai kiém tra gitra ki hay thi cudi ki dem lai
nhiing phan hoi thuc té nhat vé do dai ching dudng nguoi hoc di di dwoc tir diém xuat phét téi muc tiéu
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cua ho va ciia chuong trinh dit ra. Bong thoi, qua cac khao sat, diéu tra... nha giéo duc cd thé biét dugc
mirc 6 hai 1ong cia ngudi hoc ddi véi chuong trinh dé rat kinh nghiém va cai tién cho céc chuong trinh
ké tiép. CO thé noi, két qua cua viéc danh gia sinh vién 1a két qua ciia viéc danh gia chat luong cia chuong
trinh vi sy tién bo ciia ngudi hoc ciing chinh 13 thanh cong cua chwong trinh.

3.5.2. Danh gia chuwong trinh

Theo Weiss (Weiss, 1972), "ddnh gid chwong trinh la viéc thu thdp thong tin mét cach hé thong nham
dua ra cdc quyét dinh". Khi danh gia chuong trinh, nha giao duc hay co s dao tao can phai tim dugc cau
tra loi cho cac cu hoi sau:

- C&c muc tiéu dé ra da dat dugc hay chua?

- Co s¢ dao tao hién dang tién hanh cac hoat dong gi?

- Phan ing cua nhitng nguoi lién quan dén chuong trinh ra sao?

- Mdi thanh t cua chuong trinh da hoan thanh nhi¢m vy ctia minh hay chua?

- Chuong trinh hién tai ¢6 wu viét hon cac chuong trinh cung loai hay khéng?

Mot chuong trinh dugc coi la thanh cdng khi muc dich cia n6 da dat, nhitng ngudi tham gia cd phan
g tich cuc, cac nhiém vu duoc hoan thanh chinh xac va ban than chuong trinh dugc thira nhan ndi troi so
Véi cac chuong trinh cung muc tiéu.

Pé danh gia chuong trinh, ngudi ta c6 ba cach: Panh gia diém manh, yéu cta chuwong trinh; danh gia
qua trinh day, hoc va danh gia tinh hiéu qua ctia chuong trinh (Wiersma, 1970). Cho du véi muc dich hay
cach thire nao di chang nita thi viéc danh gia chuong trinh ciing déu nham dua ra cac quyét dinh pht hop
lién quan dén nd. Viéc danh gia mot chuong trinh ngoai ngit ciing khong nam ngoai nhitng cach thuc va
muc dich nay.

4. Két luan

Trong gido duc, muc tiéu cubi cung ludn l1a dap ng nhu cu nang cao trinh d6 cua ngudi hoc. Vi vay,
khi thiét ké bat cir mot chuong trinh hoc nao, cac t6 chirc giao dyc cling phai nham t6i két qua t6i uu nhat.
Dé dat dugc didu do, tat ca cac thanh t6, cac khau 1am viéc déu phai dat muc do tot nhat. Trén day, tac gia
da trinh bay nhiing yéu t6 cau thanh quan trong nhat trong mot chuong trinh hoc. Hi vong rang mot khi da
biét dwoc nhitng thanh té do6, nhirng nguoi Xay dung chuong trinh s€ cho ra doi nhitng san pham chit luong
cao dé gitip nguoi hoc thoa man nhu cau hoc tap.

Tai ligu tham khao

Breen. M. P & Candlin. C. N. 1980. The essentials of a communicative curriculum in language teaching.
Applied linguisticsl (2): 99-110.

Brindley, G. 1984. Needs analysis and objective setting in the adult migrant education program.
Sydney: N. S. W. Adult migrant education service.

Richards .C & Rodgers. T.S.2001. Approaches and methods in language teaching: Part 11l: Current
communicative approaches. Cambridge: Cambridge University Press.

Richards. C. 2001. Curriculum Development in Language Teaching. The USA: Cambridge University Press.

Rogers, T.1989. Syllabus design, curriculum development and policy determination. In R. K. Johnson
(ed.), The second language curriculum. New York: Cambridge University Press. 24-34.

Tyler, R.1949. Basic principles and instruction. Chicago: University of Chicago Press.

Weiss, C. H. 1972. Evaluation research: Methods for assessing program effectiveness. Englewood
Cliffs, NJ: Prentice — Hall

Wiersma. W & Jurs. S. G 1990. Educational measurement and testing. 2" edition. The University of
Toledo, USA.

ABSTRACT

Fundamental factors in designing a language curriculum
Nguyen Thi Hong Van®”
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Foreign languages have always played an important part in various aspects of life. The need of knowing
foreign languages in order to communicate, study, trade and work ... has been widely realized. This has
led to the ever increasing number of learners of languages. To meet that demand, it is essential to generate
effective language curriculums. This paper discusses the fundamental factors in designing a quality
language curriculum.
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Khao sat tinh chat caa vat liéu nano ThPO4.H20
dinh huéng tng dung trong y sinh
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TOM TAT

Trong béo céo nay ching tdi thdng bao mot s6 két qua vé nghién ctu tinh chat cua vt liéu nano ThPO4.H,0
tong hop bang phuong phap héa uét. Hinh thai hoc, ciu tric, tinh chat quang cua cac vat liéu nano dugc
quan sét trén kinh hién vi dién tir phat truong, phan tich nhiéu xa tia X va phd huynh quang. Vat liéu nano
TbPO4.H,0 phat quang tét trong viing mau xanh & budc séng 540 nm. Vat liéu ¢6 dang thanh véi chiéu dai
khoang 500 -+ 800 nm, d6 rong khoang 10 + 30 nm; dang khéi chir nhat vai chiéu dai khoang 80 + 150 nm,
chiéu rong khoang 30 + 80 nm va dang con nhong véi chiéu dai khoang 30 -+ 80 nm:; chiéu rong khoang 20
+ 50 nm. Cac két qua khao sat cho thay vat liéu nano TbPO,.H,0 c6 trién vong l1am tic nhan danh dau té
bao tng dung trong y sinh.

Tir khoa: TbPO,. H20; thanh nano; vat liéu nano; hat nano; danh dau huynh quang.

1. Pit véan dé

Hién nay trén thé gioi, két qua sir dung vét liéu nano trong linh vuc y sinh thu dugc nhiéu thanh cong c6
tinh d6t pha ca vé chan doan va chira tri (Choi, 2007). Dic biét, huéng nghién ciu va ang dung vat liéu
nano phat quang da dat dugc mot s thanh tyu ndi bat nhu: thu nhan hinh anh cac té bao gy ung thu (Zhao,
2004), phét hién céc virus, DNA (Hadiman, 2003; Abraham, 2008), ché tao tem danh d4u, tinh ché phan tir
sinh hoc va té bao (Tan, 2000; Kuang, 2014).

O Viét Nam, cong nghé nano da c6 nhitng budc chuyén quan trong, tao ra sic hit méi ddi vai cac nha
khoa hoc véi nhitng tng dung trong cudc séng nhu: danh diu bao mat, chiéu sang va dic biét trong y sinh
(Anh, 2011; Liém, 2012; Minh, 2012; Phuc, 2013-2016; Thu, 2013-2016). Trén co s¢ d6, mot s6 nha khoa
hoc & Viét Nam ciing da tap trung nghién ctiru hé vat liéu phét quang chira nguyén té Eu, Th, Yb, Er va da
c6 mot sb két qua ban dau (Lien, 2019; Huong, 2012; Vinh, 2018; Huong, 2012). Vit liéu nano chira ion
dét hiém Tb (111) c6 d6 6n dinh cao, d& ché tao va d& chire nang hoa bé mat, phat quang viing mau xanh, c6
kha ning phat quang ngay trong moi truong nudc, ¢o trién vong 16n trong viéc dua vao té bao sinh hoc,
ng dung lam tac nhan danh dau huynh quang y sinh (Yana, 2015; Yue, 2013; Gavrichev, 2016).

Trong bao co nay, ching toi théng bao maot sé két qua vé nghién ciu tinh chat cua vat liéu nano
TbPO4.H0 tong hop bing phuong phap hoa wét. Hinh thai hoc, tinh chat dic trung cua cac vat liéu nano
dugc xac dinh bang anh FESEM, gian d6 nhiéu xa tia X va pho huynh quang. Céc két qua khao sat cho
thdy vat liéu TbPO4.H,O c6 kich thuéc nano, hinh dang c6 thé diéu khién dugc bang cach thay dbi didu
kién téng hop, phat quang tt trong viing mau xanh & budc song 540 nm. Cac dac tinh nay cho thay vat liéu
nano TbPO4.H,0 ¢ trién vong lam tac nhan danh dau té bao ang dung trong y sinh.

2.Coso'ly thuyet va phwong phap nghién ciu
2.1. Hoba chit va phwong phdp chuén bi mdu

Hoa chat: Tbh(NO3)3.H20 (Aldrich, 99.9%), NHsH2PO4 (Merck, 99%), NH,OH (25%), NaOH (Merck),
CesHsNaz07.2H,0 (tri-sodium citrate dihydrate) va C.HsOH (Merck, 96%).

Cac phép do miu

Kich thudc, hinh thai hoc, cu tric cua vat liéu cua vat liéu dwoc quan sat trén kinh hién vi dién tur phat
truong (FESEM, Hitachi - field emission scanning electron microscopy), hé do nhiéu xa tia X (Siemens
D5000 véi A = 1.5406 A). Phd huynh quang cua vat liéu dugc do trén hé do huynh quang IHR 550 HORIBA
véi budce song kich thich 355 nm.

*Tac gia lién h¢
Email: levinhmdc@gmail.com; tthuongims@gmail.com
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2.2. Qué trinh thuc nghiém

Vit liéu nano TbPO4-H20 dugc ché tao bang phwong phap hoa wét. Quy trinh téng hop duge mé ta: nho
tir tir dung dich Th(NOs)s 0,025M vao dung dich NHsH,PO4 0,025 M (theo ti 1/1 hodc 1/15 vé thé tich)
dung trong binh ciu 250 ml va thyuc hién khudy tir trong 15 phut. Tiép theo, cho dung dich CsHsNaz07.2H,0
(TSCD) vio binh cau khudy tir trong 1 gio va diéu chinh pH = 4. Hon hop sau khi khudy tir tiép trong 5 gio
dugc chuyén vao binh teflon dung trong Autoclave va u nhiét & 200 °C trong 24 gid. San pham thu dugc
sau khi li tdm, rira sach bang nudc khir ion duoc sdy ¢ 60 °C trong 6 gid.

3. Két qua va thao luan
3.1. Hinh thai hgc cia vt ligu

IMS-NKL 5.0kV 5.6mm x80.0k SE(M) 500nm

(b) TbPO4.H,0 (1/15)

W 4 5mm x100k SE(M) 500nm

(a) TOPO4.HZ0 (/1)

B

IMS-NKL 5.0kV 4.5mm x80.0k SE(M) 500nm IMS-NKL 5.0kV 5.4mm x100k SE(M)
(c) TbPO4.H20 (1/1)-TSCD (d) TbPO4.H20 (1/15)-TSCD
Hinh 1. Anh FESEM cua ThPO4-H-0 4 nhiét ¢ 200 < trong 24 gio

Céc miu TbPO4-H,0 dugc u trong 24 gio ¢ didu kién 200°C va pH = 4. Vi ti 1é Th¥/PO,* bang 1/1 va
1/15, mau duoc ky hiéu lan luot 12 ThPO4.H20 (1/1) va TbPO4.H,0 (1/15). Ciing cac ti 1& trén, vai sy c6
mat cia CeHsNaz07.2H,0, mau dugc ki hiéu 1a TbPO4.H,0 (1/1) - TSCD va TbPO4.H,0 (1/15) - TSCD.
Hinh thai hoc ctia cAc mau duoc quan sat trén kinh hién vi dién tur phat truedng va trinh bay trén Hinh 1. Vi
mau ThPO4.H,0 (1/1) (Hinh 1a), vat liéu c6 dang thanh véi chiéu dai khoang 500 + 800 nm va do rong
khoang 20 =+ 50 nm. Tuy nhién, ¢ ti 1&¢ 1/15 (Hinh 1b), d6 rong caa mau TbPO,.H,O (1/15) lai giam dan,
con khoang 10 + 30 nm. Véi sy ¢ mat ciia TSCD va ti 1é Th¥/PO,* bang 1/1, Hinh 1c, mau TbPO,.H,0
(1/1)-TSCD c6 dang khéi chir nhat, chiéu dai khoang 80 + 150 nm va chiéu rong khoang 30 + 80 nm. Ciing
Vé6i su ¢ mit cia TSCD nhung & ti 1¢ 1/15 (Hinh 1d), hinh thai hoc cia mau ThPO4.H,0 (1/15)-TSCD lai
chuyén sang dang con nhong vai chiéu dai khoang 30 + 80 nm va chiéu rong khoang 20 + 50 nm.

Qua anh FESEM cho thdy, bang phwong phap tong hop héa wot vai sy thay déi ham lwong céc nguyén
t6 va sy c6 mat cua tri-sodium citrate dihydrate TSCD, c6 thé diéu chinh dugc hinh thai hoc cua vat ligu
ThPO4-H20.

3.2. Cdu trac caa vt ligu

Hinh 2 trinh bay gian do nhiéu xa ciia TbPO4.H,0 cho thiy tat ca cAc mau nano phat quang ¢ cac diéu
kién ché tao khéc nhau déu co cac dinh nhiéu xa & tai cac goc 20: 15,4°; 20,8°; 26,1°; 30,2°; 32,4°; 38,8°;
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42,9 49,8° 53,2° 54,6°% 55,8° twong duong Vdi ciu tric hexagonal TbPO4.H,0, php hop véi thé chuan
JCPDS s6 20 - 1244. biéu nay chung to cac mau TbhPO..H,0 tong hop duge déu co cau tric hexagonal.

(1) ThPO,H,0 (1/1)

(2) THPO L0 (V1)-1SCD

(3) ThPOH,0 (1115)

(4) TbPO 1,0 (I/15)-TSCD
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2-Theta (do)
Hinh 2. Gidn dé nhiéu xa tia X cac mau nano TbPO4-H20 u nhiét ¢ 200 < trong 24 h

3.3. Tinh chdt phat quang czia vt ligu
D TUPOLILO (11
—2) I'hPl)l,Hj() (H1)1SCD

—— () TLPOILD (1115)
b A CR LGS KT S):I8CD

Cuing do (dvtd)

450 500 550 600 650
Buéce song (nm)

Hinh 3. Phé hupnh quang cua cac mau nano TbPO4-H20 u nhiét ¢ 200 T trong 24 gic

Véi muc dich tng dung trong y sinh, vat liéu phai c6 kich thudc nano, phat quang tot. Két hop cac nghién
ctru vé& hinh théi hoc, cdu tric, ching t6i tién hanh khao sét tinh chét phat quang cua cac vat liéu da dugc
tdng hop. Hinh 3 trinh bay két qua do phé phét xa huynh quang cia cac mau nano TbPO4-H,0 duoc ché
tao ¢ cac diéu kién khac nhau, u nhi¢t & 200°C trong 24 gi¢ voi bude song kich thich 355 nm. Cac mau vat
liéu tdng hop déu phat xa t6t viing 4nh sang xanh tai cac budc séng 488, 540, 585 va 618 nm lan luot tuong
{ing véi cac chuyén doi dic trung *Ds—'Fe, °Ds—'Fs, ®Ds—"F4 va *Ds—"F3 cua ion Th (I11), vach phat xa
manh nhat & 540 nm (&rng v&i chuyén doi 5Ds—7Fs). Tinh chat phat quang trong ving nhin thy nay 6 thé

lam tién dé quan trong cho viéc img dung vt liéu ThPO4-H0 dé nhén dang té bao trong danh dbu huynh
quang y sinh.

3.4. Khd nang g dung

Vit liégu ThPO,.H,O sau tong hop dugc chirc ning hoa, lién hop héa tao thanh phic hgp nano y sinh
TbPO,.H,0@silica-NH-FA. Phirc hop nay da str dung thir nghiém a vai té bao ung thu via MCF7 trong 24 gio
theo quy trinh thir nghiém tai Phong thi nghiém cua Vién cong nghé Sinh hoc Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam. Két qua thir nghiém dugc quan sat trén kinh hién vi huynh quang Olympus Scan"R
100X. Trén Hinh 4, té bao MCF7 1u véi phirc hop nano TbPO,.H,0@silica-NH-FA ¢6 phat xa anh sang xanh
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manh. Biéu nay cho thay vat liéu nano phat quang ThPO4-H,0 c6 trién vong ting dung dé phat hién té bao
ung thu in vitro.

) (@) (b)
Hinh 4. Anh te bao ung thu vii. MCF?7 doi chimg (a) va te bao MCF7u véi phiic hop nano
TbPO4.H0@silica-NH-FA (b) quan sat dudi Kinh hién vi dién tir huynh quang Olympus Scan”R 100X

4. Két luan

Bang phuong phap hoa uét, chung t6i da tong hop thanh cong cac vat liéu nano phat quang ThPO,4-H,0
vai hinh thai hoc khac nhau. Vt liéu tong hop duoc c6 dang thanh vai chiéu dai khoang 500 + 800 nm va do
rong khoang 20 + 50 nm, dang khéi chir nhat v6i chiéu dai khoang 80 + 150 nm va chiéu rong khoang 30
+ 80 nm, dang con nhdng c6 chiéu dai khoang 30 + 80 nm va chiéu rong khoang 20 + 50 nm.

Vit liéu nano ThPO4.H,0 c6 ciu tric hexagonal, phat huynh quang tét & anh sang xanh wng vai céc
chuyén doi dic trung 5Ds—"Fs, °Ds—"Fs, 5Ds—'F4 va 5Ds—"Fs ctia ion Th(I11). Két qua thir nghiém sir
dung vat liéu phic hop nano y sinh ¢6 chira ToPO4.H20 nudi ciy véi té bao ung thu MCF7 cho &nh sang
xanh manh. Vi tinh chat nay, vat liéu nano phét quang TbPO4.H,0 tong hop duoc c6 trién vong tng dung
trong danh diu huynh quang y sinh.
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ABSTRACT

Investigation of properties of TbPO4.H20 nanomaterials
for biomedical application

Le Thi Vinh%”, Vu Duy Thinh', Ha Thi Phuong*, Hoang Thi Khuyen??3,
Nguyen Manh Hung?, Nguyen Thu Ha?, Phan Dieu Hang*, and Tran Thu Huong?®
'Hanoi University of Mining and Geology
2Institute of Materials Science, Vietnam Academy of Science and Technology
3Graduate University of Science and Technology, Vietnam Academy of Science and Technology
Hanoi Medical University

In this paper, we report the achievements on synthesis of ThPO4.H,O nano materials by wet chemistry
method. The morphological observation, crystalline phase identification and luminescent properties of all
prepared samples were carried out by the way of using Field Emission Scanning Electron Microscopy
(FESEM), X-ray diffraction (XRD) and photoluminescence spectroscopy. The ThPO4.H,O nano materials
emitted strongly in green color at 540 nm. The size of nanorods has diameters in the range of 10 + 30 nm,
lengths in the range of 500 + 800 nm; the size of rectangular block form has diameters in the range of 30 =
80 nm, lengths in the range of 80 + 150 nm and the size of capsule form has diameters in the range of 20 +
50 nm, lengths in the range of 30 + 80 nm. This results can provide the TbPO4.H,O nano materials for
developing fluorescent label and image tool in biomedicine.

Keywords: TbPO4.H,O; nanorods; nanomaterials; nanoparticles; fluorescent labe.
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