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MOT KY THUAT KIEM CHUNG MO HiNH
VOI JAVA PATH FINDER

Nguyén Dirc Giangl(j), Lwu Thi Bich Hwong’, Tran Ba Hung', Tran Thi Thu Ngan®
"Vien Cong nghé Thong tin, Vién Han lam Khoa hoc va Cong nghé Viét Nam
ZTru’dng Dai hoc Su pham Ha Noi 2
*Trieong Pai hoc Ngoai thwong

Tém tat: Trong bai bdo ndy, ching téi trinh bay mét ky thudt kiém chirng mé hinh véi
Jjava path finder (JPF). Bdy la mét kj thudt kiém chitng hé tro cac mién di liéu triru
tuong nham co lai mién dir lidu lom trong chuong trinh java, mién dit liéu hitu han lam
cho viéc kiém chimg tré nén dé dang hon. Ky thudt ndy sir dung div liéu triru twong dé
tinh toan mét cach xdp xi ciia chirong trinh ban dau, néu mét tinh chdt an toan la ding
trong mién trivu twong thi ciing ding trong chwong trinh ban dau. Bai bdo ciing dwa ra
cdch tiép cdn tang cwong JPF véi mot trinh thong dich trivu tiegng va co ché phit hop voi
trang thdi trivu tiegng, tir @6, ngueoi ding cé thé chon cdc triru twong dé siv dung cho mét
ing dung cu thé. Pé cu thé héa kyj thudt nay, can phan tich cic chwong trinh da luong
trong java, noi ma vét thoi gian khong thé tiét kiém bé nhé bang viéc sir dung JPF.

Tir khéa: Kiém chitng mé hinh, tim kiém dwong dan Java, dién gidi trieu twong, khong
gian trang thdi ngang

1. GIOI THIEU

Trong nganh cong nghé phan mém, ngoai viéc cung cap cic ¥ tuong hay ung dung
cong nghé thong tin (CNTT) trong doi song kinh té xa hoi hién dai thi viéc kiém chimg va
phan tich mot cach ky ludng nham dam bao chat lugng ciing nhu giam thiéu rui ro thiét hai
cho san phim tmg dung truéc khi dua ra ngoai thi truong 1a can thiét. Hién nay cac phuong
phap kiém chimg hinh thire dugc dp dung kha pho bién.

K¥ thut dic ta trang thai khong gian nhu viéc kiém tra mé hinh 13 phuong phéap phd
bién dé kiém chimg mé hinh va tim 18i chuong trinh. Kiém tra m6 hinh 1a mét phuong
phap phén tich rat hiru ich, dic biét cho viéc phan tich cic chuong trinh da ludng. Cong cu
sit dung dé kiém tra cac tinh chéat vi pham (15i) ctia chuong trinh da ludng voi k¥ thuat
kiém ching mé hinh 13 java path finder (JPF), v6i muc tiéu 1a bytecode java.

) Nhan bai ngay 11.02.2017; chinh sira, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Nguyén Pirc Giang; Email: ndgiang@ioit.ac.vn



6 | TRUGING BAI HOC THU DA HA NOI

JPF 1a m&t may 4o Java déc biét co hd tro quay lui, két hop trang thai, khong bat dinh
trong ca dit liéu va cac quyét dinh lap ké hoach. JPF xdy dyng khong gian trang thai
chuong trinh on-the-fly trong viéc thuc hién cac chuong trinh trong may 4o. Su chuyén
tiép trong khong gian trang thai 1a mot chudi cac hudng dan bytecode thuc hién bdi mot
chu dé duy nhét, noi ma cac dudng din dau tién trong chudi dai dién cho mét su lya chon
khong xac dinh twong g voi mot quy tic. Tai mdi ranh gii chuyén tiép, JPF ghi nhd mdi
trang thai JVM hién tai (chuong trinh trang thai) trong mot hinh thue tudn tu cho cac muc
dich cia quay lui va trang thai twong tung. Céc trang thai JVM hoan chinh bao gom tat ca
cac ddi twong heap, ngan xép cua tit ca cac chu dé va tat ca dit liéu tinh. Nhing thay ddi
cua trang thai JVM duogc thuc hién bén trong thong dich cac 1€nh bytecode, day 1a mot
phan cta JPF.

JPF chtra mot thong dich cu thé, trong d6 mé hinh chung cho tit ca cac 1énh bytecode
Java va luu giir gia tri cu thé cua cac bién chuong trinh. JPF thyc thi cu thé chi thi trong
dong chay khong gian trang thai. Han ché chinh ciia JPF dbi véi tinh hiru dung thuc té 1a
néu thuc hién mot dong chay déy du thi rat dé bi nd trang thai. Mac du JPF hd trg nhiéu tdi
uu, bao gdm giam thir ty timg phan va giam dbi ximg, viéc kiém tra tit ca cac chu dé voi
viéc thyc hién cy thé t6n nhiéu thoi gian va doi hoi nhiéu bé nhé chwong trinh. Mot giai
phap c6 thé st dung dir lidu triru twong dé 1am giam cac mién 16n cia cic bién chuong
trinh, lua chon mién nhé hon va viéc kiém ching chuong trinh thuan lgi thong qua dong
chay khong gian trang thai kha thi hon.

Hay xem xét vi du trong Hink 6. Pay 1a mot bién thé don gian c6 dién - van dé nguoi
dung v6i mot dbi tuong chia sé ctia 10p dir lidu. Céc tinh chét an toan quan tdm & day 1a su
vang mit cua cac kiéu dit liéu. JPF s& dua ra nhiing hanh vi chuong trinh cho tat ca céc gia
tri c6 thé co ciia cac bién con lai, nghia 13 tit ca cac gia tri s6 nguyén tir 0 dén 1000000, va
khong gian trang thai chuong trinh s& do d6 s& rat 16n. Nguoi ta co thé s dung cac dau
hi€u triru tuong trén cac bién con lai dé thay thé mién 16n cua kiéu dir liéu int trong Java
v6i mot nho mién hiru han {POS, ZERO, NEG}, ma chi ma héa cac dau hiéu cta bién con
lai, trong khi triru tugng di nhiing gia tri thuc té. TAt ca cac trang thai chuong trinh c6 su
khac biét vé gia tri cua cac bién s& duge thu gon dé ba trang thai khac nhau voi céc gia tri
triru tuong tuong ting. Do do6, khong gian trang thai dua ra boi JPF véi mét khai ni¢m truu
tuong nhu vy s& nho hon nhiéu, lam giam thoi gian can thiét dé xac minh cac tinh chat an
toan nhat dinh, trong khi tat ca cac hanh vi ctia chuwong trinh s& duoc phén tich.

Trong céc phan tiép theo cua bai bao, ching t6i trinh bay nén tang cua JPF. Phan ba
clia bai bao 1a két qua str dung truy vét thyc thi va kiém chimg mé hinh trong JAVA. Phan
cudi cuiing 13 két luan cua bai bao.
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2. NEN TANG
2.1. Triru twong héa mién dir liéu véi JPF
2.1.1. Khai niém

a) Kiém chirng mé hinh

Kiém chimg mé hinh 1a mét ky thuat xac minh kham pha tat ca cac trang thai hé thong
c6 thé c6 mot cach brute-force.

Ky thuat kiém chimg m6 hinh mé ta cac hanh vi hé thdng c6 thé co duge mot cach giai
toan hoc chinh xac va rd rang. N6 chi ra rang - trude khi thyc hién bat ky kiém ching hinh
thirc - cac mo hinh chinh xac cta hé théng nay, thuong dan dén viéc phat hién ra su bat
toan, khong rd rang, khong nhat quan trong hé thong hinh thirc kiém chung cu thé. Van dé
nhu vy thuong chi duoc phat hién & giai doan mudn hon nhiéu cua thiét ké. Cac mo hinh
hé théng duoc di kém bai cac thuat toan co hé théng kham pha tat ca cac chi tiét cia mo
hinh hé théng. bay 1a co s cho mdt loat cac k¥ thuat kiém chung khac nhau, tr mot tham
do dﬁy da (kiém ching mo6 hinh) dé thi nghiém véi mot tap han ché cua kich ban trong mo
hinh (mé phong), hodc trong thyc té (thir nghiém). Dudi dy 1a so do tiép can phuong phap

ki€ém chimg mo hinh:

Yéu cau
(Requirements)

Heé théng
(System)

Hinh thirc héa M6 hinh héa
(Formalizing) (Modeling)

Pac ta thudce tinh
Property specification

6 hinh hé théng
(System model)

| Kiém chirng md hinh
(Model checking )

Thoéa man
(satisfied)

i pham, phan vi du
(Violated,
counterexample )

Binh vi I6i
(Location error)

Mb phéng
(Simulation)

Hinh 1: So d6 tiép cdn phicong phap kiém chirng mé hinh
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b) Dién giai triru twgng

Mot s6 noi dung bao ham trong 1y thuyét cua dién giai triru tuong:

— Kiém chung (verification): Xéac dinh va chung minh mét cach tu dong tinh chit cua
hanh vi c6 thé cia mot chuong trinh may tinh phirc tap.

— Triru tugng (abstraction): Ly luan / tinh toan c6 thé thyuc hién béi sy triru tugng hoa
ctia nhitng giao dich giira cac hanh vi va chi voi nhimng yéu t6 ctia nhitng hanh vi lién quan
dén cac tinh chat can xem xét.

— Chung minh (theory): Str dung k¥ thuat dién giai triru tugng (abstraction interpretation).

— Ngit nghia (semantics): Cac ngir nghia cu thé cia mét hinh thirc hoa chwong trinh (1a
mot mo hinh toan hoc) cia tap hop toan bd cac thyc thi co thé trong moéi truong thyc thi.

Possible
trajectories

Hinh 2: Vi du do hoa cho cac hanh vi ¢6 thé xay ra

Vé mat logic hoc: Céac ngit nghia toan hoc cu thé ciia chwong trinh 1a "vo han" déi
tugng toan hoc, khong tinh toan; tit ca cac cau hoi kho vé ngit nghia chuong trinh cu thé 1a
khong thé quyét dinh.

Vi du: @i s6 Kurt Godel vé viéc hay bo. Gia sir hity bo (P) s& tra vé gia tri true néu
nhu P luoén huy bo trén tat ca cac dit liéu dau vao. Chinh vi vay, chuong trinh sau dua ra
cdc mau thuan:

P = while termination(P) do skip od

Tinh an toan (safety property): Mot bang chimg xac dinh an toan bao gdm viéc ching
minh ring giao diém cta cic ngit nghia cu thé cua chuong trinh va cac khu vuc cam la
bang rdng. Hinh 3 m6 ta do thi quy dao co thé cia tinh an toan. Con vé van dé logic hoc
(cAc ngit nghia cu thé 1a khong thé tinh toan) khong thé cung cp cau tra 151 hoan toan tu
dong v4i cac ngudn tai nguyén may tinh hitu han va khong tuong tic ctia con ngudi néu
khong chéc chin vé cu tra 1oi.
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t

z(t)
Forbidden zone

Possible
trajectories

Hinh 3: Vi du vé tinh an toan

Kiém tra va g6 16i: Viéc kiém tra va g& 16i chuong trinh bao gdm viéc xem xét tip con
ctia tap c6 kha ning thuc thi tot, dong thoi xem xét cac ching minh xem d6 ¢ phai 1a mot
chimg minh dung din khong, va xem xét dén cac khia canh khéng dam bao cho cac van dé
chinh cta chuong trinh. Hinh 4 dudi dy 13 minh hoa cta viéc kiém tra va mo phong cac
16i chuong trinh:

z(t)
Forbidden zone — Error !

Possible
trajectories

Test of a few trajectories
I

Hinh 4: Kiém tra tinh chdt/mé phong 16 chwong trinh

Dura vao cac 1y thuyét trén, tién hanh viéc mé ta va triru trong hoéa chwong trinh bang
dién giai triru tugng, bao gém viéc xem xét mot ngit nghia triru twong. Viéc xem xét mat
ngit nghia triru tugng néi 1én mot sidu ngir nghia cu thé cia mot chwong trinh. Vi vay ngit
nghia triru twong bao gdm tat ca cac trudng hop cu thé cia chuong trinh. Ngit nghia cu thé
dugc dién giai triru twong nhu sau: néu ngir nghia triru twong dam bao tinh an toan (co
nghia 1a khéng giao nhau trong khu vuc cdm) thi c6 thé két luan d6 1a ngir nghia cu thé.

Hinh 5 s& mé ta cho vin dé ngit nghia cu thé 1 nhu thé nao.
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z(t)

Forbidden zone

Possible
trajectories

Abstraction of the trajectories

t
Hinh 5: Ngir nghia cu thé ciia chwong trinh dwoc dién gidi trieu twong
2.1.2. Triru twong mién di liéu voi JPF

Rét nhiéu cong viéc da duoc thyuc hién trong dit lidu triru twong (vi du, triru tugng vi
ngi, trira twong ngit nghia [1,2,6]), nhung chi ¢6 vai phuong phap nhim muc tiéu Java.
Mot ngoai 1€ dang cht y 1a b cong cu Bandera [4]. N6 thyc hién thanh cong triru tugng
trang thai cia mot chwong trinh Java cho bai phuong phap chuyén déi ngudn t6i ngudn
dua trén céc déc ta triru tugng cua dir liéu da chon (va dinh nghia) ciia nguoi dung.

public class ProdConsExample {
public static final int DAILY_LIMIT = 1000000;

public static void main(Stringl[] args) {
Data d = new Data():
new Producer(d).start():
new Consumer(d).start();
}
}

class Producer jextends Thread {
Ppublic voild run() {
Iint remaining = ProdConsExample.DAILY _LIMIT:
while (remaining > 0) {
synchronized (d) {
d.value = 10;
d.isNew = true;

}
remaining — —:
}
}
}

class Consumer extends Thread {
public void run() {
while (true) {
synchronized (d) {
iIf (d.isNew) {
d.isNew = false:
Systoem.out.printin(d.value):

Hinh 6: Vi du vé luong procedure — Consumer

Tiép theo, chiing t6i trinh bay vé& JPF hd trg triru tugng cac kiéu dir liéu sb trong Java.
cach tiép can nay duoc dwa trén mot thong dich tiry chinh cac hudng dan bytecode. Céc gia



TAP CHi KHOA HOC - S0 14/2017 | 11

tri duoc truyén vao tu dong trong khi thuc hién, st dung céac co ché thudc tinh cta JPF nhd
do6 loai bd duoc viéc st dung thu cong dé tmyén gia tri, va cach truyén gia tri cu thé mot
cach thu cong hién tai khong con dugc duy tri. Phuong phép cua JPF thuc hién va danh gia
mot s6 triru tuong hiru ich, bao gdm ca cac ky hiéu va khoang thoi gian, cac triru twong hoa
khac c6 thé duge thém vao mot cach dé dang boi ngudi st dung, va JPF ciing cung cap
mot co ché triru trong chung chung va mé rong.

Y tudng co ban ciia phuong phap tiép can nay 1a: (1) st dung mién dit lidu triru tuong
nho dic ta cho cac bién chuong trinh cu thé thay vi cac kiéu dit liéu dinh nghia cu thé duoc
xac dinh boi ngdn ngit Java, chang han nhu kiéu int va float, va (2) dé thay thé viéc giai
thich cac hanh dong cu thé lién quan dén viéc triru tuong bién chuong trinh, vai giai thich
triru tugng phi tiéu chuan hudng dan bytecode Java hoat dong trén céc linh vuc triru tugng,
trong cach nay nhitng hanh vi ciia chuong trinh triru twong 1a mot xap xi cac hanh vi cua
chuong trinh gbc. Vi du, két qua cia viéc thém hai gia tri POS 1a POS, trong khi két qua
cua viéc thém mot POS va mot NEG c6 thé 1a POS, NEG hoic ZERO. K¥ thudt nay tuan
theo cac khuon kho 1y thuyét dién gii triru tugng [5].

2.2. Sw ngang bing va khoéng thoi gian nghi trong java pathfinder
Céc linh vyc triru tugng ngang bang nhau 1a tap hop {ODD, EVEN}, ma cac thanh

phan dai dién cho s6 1é va tham chi gia tri twong tmg. Triru tugng nay co thé duge sir dung
cho céc gia tri s6 nguyén (cac hing sd, va bién chuong trinh cta cac kiéu dir liéu trong
Java nhu int va long), nhu cac khai niém ky quic va ngang bang nhau khong c6 y nghia
cho céc gid tri floating-point v&i non-zero phan thap phan.

JPF hd tro hai bién thé cua su triru tuong khoang. C4 hai déu 1a tham s6 voi hai dinh
nghia nguoi dung d6 1a gia tri ned MIN va MAX. Sy triru tugng khoang co ban duogc dinh
nghia nhu sau: Tén mién triru twong cho dugc hai sb nguyén hodc fl gia tri tha ndi diém
MIN va MAX la tap hop {LESS, INSIDE, LON}, ma c4c thanh phan thé hién thuc té 1a
mot gia tri nho hon MIN, gitta MIN va MAX, hodc 16n hon MAX, tuong Ung, triru tuong
nay c6 thé dugc sir dung cho ca cac gia tri sé nguyén va gia tri floating-point (tirc 13, cho
cac hang s6 va bién chuong trinh cia tat ca cac kiéu dit liéu nguyén thiy cia Java, bao
gdm ca long va double).

Céc bién thé thir hai ctia sy triru tuong khoang thoi gian nay chinh x4c hon né bao ton
céc gia tri cu thé trong khoang [MIN, MAX]. Tén mién triru tugng cho hai gia tri nguyén
MIN va MAX 14 tap hop {LESS, MIN, MIN + 1,..., MAX-1, MAX, LON}. Tuy nhién,
triru twong sir dung véi khoang nho, triru tuong héa khac 6 thé dinh nghia tuong tu.
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3. THUC THI TRUY VET VOI JPF TREN MIEN TRUU TUQNG

3.1. Céc thanh phan cia JPF

gov.nasa.jpf

JPF
search, vm, confi
createConfig()
run ()

Config

gov.nasa.jpf.search gov.nasa.jpf.jvm
Search JVM
JVM vm forward () {..} ,
search () backtrack () {..} Classinfo
restoreState () {..} [ -
L Area Methodinfo
--& | DFSearch | [ HeuristicSearch | SystemState - .
N - sarch 0 {3 e eeme 1 Elementinfo Fieldinfo
Threadinfo Fields type + code
= = [ executeStep Monitor | gl
gov.nasa.jpf.search.heuristic 2xecutelnstru O L
Heurlstic bytecode object
fisticvalue ~ execution model

gov.nasa.jpf.jvm.bytecode

Instruction
L e
execute

while (notDone) {
..vm.forward();
..vm.backtrack();
if (!properties.check()){
reportError(); break;

}

Hinh 7: Kién tric tong quan ciia JPF

3.1.1. Ciac JVM
Céac JVM la cac b sinh cac trang thai java cu thé. Bang cach thyc hién cac huéng dan

bytecode, cac JVM tao ra cac JVM tao ra cac biéu dién trang thai ma co thé:
— Kiém tra dang thirc (c6 mot trang thai duoc truy cp trude do)
— Truy van (céac trang thai chu dé, cac gia tri di ligu,...)
— Luu tri

— Phuc hdi

3.1.2. Cdc doi trong tim kiém

Céac dbi tuong tim kiémchiu trach nhiém cho viéc lya chon céac trang thai ma tir do cac
JVM nén tiép tuc, hoac bﬁng cach chi dao JVM dé tao ra trang thai ké tiép (forward), hoac
bang cach noi véi né dé quay lai theo ddi voi mot tao ra trude do. dbi tuong tim kiém co
thé duoc ding nhu trinh diéu khién cho cac dbi tugng JVM
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Péi twong tim kiém ciing cau hinh va danh gia d6i twong s hitu. Viéc trién khai kiém
chinh bao gom mét tim kiém theo chiéu sdu don gian (Tim kiém DF), va tim kiém dya trén
uu tién hang doi co6 thé duoc tham sb dé lam cac loai tim kiém khac nhau dua trén viéc lua
chon trang thai tha vi nhét cta bd suu tap cia tat ca cac thira ké ctia mot trang thai nhat
dinh (tim kiém Heuristic). Mot thuc hién tim kiém chu yéu 1a cung cdp mot phuong phap
tim kiém duy nhat, trong d6 bao gdm cac vong lap chinh thong qua khong gian trang thai
¢6 lién quan cho dén khi n6 da duoc kham pha hét, hoic tim kiém tim thdy mét sy vi pham
sO hiru.

3.2. Két qua sir dung truy vét thyc thi va kiém chirng mé hinh trong JAVA
3.2.1. Kha ning giim khong gian trang thai

Qua trinh triru tugng hoé cac vét thyc thi ciia chuong trinh java dem lai kha nang giam
khong gian trang thai cta chwong trinh. Str dung phuong phap triru tuong hoa gop dé thu
gon khong gian trang thai. Trong phuong phap ndy, cac diém dich chuyén cing mot mirc
s& dugce gop chung thanh mot nhoém nham t6i thiéu khong gian trang thai co thé xay ra cia
tap cac vét thyc thi. Hinh 8 mé phong triru tuong hoa gdp ting véi vét thuc thi.

Spurious trace

& \ E Trace
Lo N N\ 44 ( semantics
Lo i o N
[.\ /.\ /’\ . Co!iecti‘ng
A w \./ W | semantics

d 1 2 3 4 5 6 7 8 9 discrete time

Hinh 8: Triru tirong héa gdp ieng véi vét thuec thi
3.2.2. Khi ning xdc dinh mién gid tri ciia cdc dich chuyén

Tiép theo, triru tuong hoa ciing c¢6 kha ning gitp xac dinh cac khoang gi tri cua cac
diém dich chuyén trong chuong trinh. Sir dung phuong phép triru twong hoa khoang thoi
gian giup ich rat 16n cho viéc kiém 18i vuot ngudng gia tri trong mot chuong trinh java.
Vi phuong phép triru tuong nay, cac diém dich chuyén s& duoc xac dinh cac dudi va trén
vé thoi gian nham tim ra cach dich chuyén theo cac khoang thoi gian xac dinh. Hinh 9 1a
mo phong trang thai két thuc cia triru tugng hoa theo khoang thoi gian.
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I

>t

z(t)

I

Hinh 9: Trang thdi két thiic cia trivu tuwong hoa theo khodng thoi gian

4. KET LUAN

Trong bai bao chiing t6i da trinh bay mot k¥ thuat triru tugng dé thuc thi truy vét va
kiém chirg mé hinh trong java dua trén JPF. Két qua ciia bai béo 1a dwa ra mot ki thuat dé
thyc hién din giai triru twong thay thé cho mé hinh chwong trinh ban dau nham tiét kiém
t6i da tai nguyén bo nhé. Tuy nhién, do chinh xac cta k§y thuat nay chi 1a twong d6i, vi nd
st dung mién dit liéu triru tuong dé truy vét chu khong sir dung mién dit liéu thyc.

Sap toi, chiing t6i dy kién tiép tuc nghién ctru cac k¥ thuat kiém chimg dé phat trién
cong cu truy vét dua trén nén tang dién giai triru twong.
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A MODEL CHECKING TECHNIQUE WITH JAVA PATH FINDER

Abtracts: In this paper, we introduce a model checking technique with Java Path Finder
(JPF). This is checking technique that supports abstract data domains in order to shrink
large data domains in Java programs, finite data domain makes verification easier. This
technique uses abstract data to calculate the approximation of the initial program. If a
safety feature is true in the abstraction domain, it is also true in the initial program. The
paper also provides the JPF with an abstract interpreter and mechanism that matches the
abstract state from which users can select abstract to use for a specific application. To
concretize this technique, we analize of multi-threaded programs in Java where time
traces can’t save the memory by using JPF.

Keywords: Model checking, Java Path Finder, abstraction interpretation, state space
traversal
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BAI TOAN CUC TRI TRONG KHONG GIAN HAI CHIEU
TU KHIA CANH HINH HOC

Nguyén Vin Hao’
Truong Pai hoc Su pham Ha Ngi 2

Tém tdt: Trong bai bdo nay, bang viéc sir dung phwong phdp Lagrange, ching toi trinh
bay mot $6 cdch phat trién bai todn cwc tri ¢é diéu kién tir khia canh hinh hoc trong
khong gian hai chiéu.

Tir khéa: Cuc tri ¢6 diéu kién, phwong phdp Lagrange, khong gian hai chiéu, cue dai cuc tiéu

1. MO PAU

Trong su phat trién manh m& cua khoa hoc ky thuat thé ky XVII, mot trong nhitng
diéu quan tdm cta cic nha Toan hoc thoi do6 1a giai quyét nhitg van dé toi uu hoa trén
nhiéu linh vuc khac nhau. Dé giai quyét rat nhiéu van dé d6, yéu cau dat ra cho cac nha
Toan hoc 1a phai nghi dén bai toan cuc tri. P6i véi ham mot bién, vé co ban, da duge giai
quyét gan nhu toan ven vao thoi d6. Trong bai bao ndy, ching t6i md rong phuong phap
nhan tir Lagrange trén khong gian hai chiéu.

2. MOT SO KIEN THUC CHUAN BI
2.1. Khai ni¢ém vé ham s6 nhiéu bién s6

Cho S 1a mot tap trong R". Anh xa f:8 — R dugc goi 1a ham s6 xé4c dinh trén
tap S hay f 1aham sé n bién s xac dinh trén S.

Bién sd & day la cac phﬁn tir cia R” nén c6 ntoa d6 va mdi toa do xem nhu mot

bién doc lap. Do d6, ngudi ta thuong goi ham sd xac dinh trén tap con trong R" 1a ham

nhicu bicn.

'Nhén bai ngay 4.3.2017; chinh stra, giri phan bién va duyét diang ngay 20.3.2017
Lién hé tac gia: Nguyén Vin Hao; Email: nguyenvanhaodhsphn2@gmail.com
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2.2. Pao ham riéng cua ham so nhiéu bién so

Cho f 1a ham sd nhiéu bién xac dinh trén tap mé U trong R" va
T = (1, T,,...,

(x50 m, + Az, ) € U, taco the thiét 1ap dai luong :

z ) 1a mot diém trong U. Khi d6, véi s6 Az, di nho sao cho diém

fly,nm, +Ax,.x ) — f(2),..7,...,2,)
Az, '

Néu dai lugng trén c6 gidi han hitu han khi Axi dan d@én 0 thi nguoi ta goi gidi han

: : 0
d6 1a dao ham riéng cta f theo bien thtr ¢ tai = va ky hiéu 1a 8_f (x) hay DZ, f(z).
Z.

Ta ciling goi gradient ctia ham f tai Z 1a vector trong khong gian R" dwoc ky hiéu va
xac dinh boi :
of of  9of
gradf = , feees .
Oz, Oz, oz

Khi tinh dao ham riéng ctia hdm f theo mot bién ndo d6 thi ta xem cac bién khac 1a
hang s6 va ap dung cac quy tac tinh dao ham ctia mot bién so.

2.3. Cuec tri cia ham sé nhiéu bién sé
2.3.1. Khi niém cwe tri ham sé nhiéu bién sé

Cho tap U mo trong R" vaham sé [ : U — R. Piém z, € U duge goi la diém
cuc dai (cuc tiéu) dia phuong ctia ham f néu ton tai hinh ciu mo B (z,,7) tm z,ban
kinhrndm trong U sao cho f(z) < f(xo) (twong tng f(x) > f(:UO)) véi moi
reB (xo, 7“). Ta cling goi f(xo) 1a gié tri cuc dai (cuc tiéu) dia phuong ctia ham f.
2.3.2. Diéu kién cian dé ham sé cé curc tri

Pinh Iy (Fecmat). Gid sir ham [ xdc dinh trén tap mé U C R" va kha vi tai diém

T, € U. Néu [ dat cuc tri dia phuong tai x, thi grad f(:EO) =0 hay

ﬁ(m 1

P 0):0; véimoi 1t = 1,n.
7
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2.4. Cuec tri c6 diéu kién
2.4.1. Bii todn curc tri cé diéu ki¢n

Bai toan ma ta xét trong ph?m trude 1a bai toan tim cuc tri cua ham f trén mot tap
diém khong co bat ki diéu kién rang budc nao. Nguoi ta goi do 1a bai toan cuc tri tu do hay
bai toan cuc tri khong dicéu kién. Tuy nhién trong thuc t€ nguoi ta thuong gdp phai cac bai
toan tim cuc tri cua mot ham f trén tép diém thoa man mot sd diéu kién nao do. Nhiing
bai toan nhu vay goi 1a bai toan cuc tri c6 diéu kién.

Mot truong hop dac biét, khi tap diém 12 mot mat cong, thi ta c6 bai toan tim cuc tri
clia ham f trén tap tat ca cac diém z = (3:1, Ty, ,xn) thoa min phuong trinh biéu dién

mit cong d6. Bai todn tim cyc tiéu (P ) cia ham [ trén mit cong voi phuong trinh bicu

dién g(z,2,,...,2, ) = 0 thuong duge mo ta nhu sau :

min f = (7,,7,,...,7, )

P
9(z,7,y,...;1 ) =0 (P)

Trong do6, nguodi ta goi f(xl,xQ,...,xn) la ham muc tiéu va diéu kién
g(xl, T, ,xn) = 0 duoc goi 1 diéu kién rang budc cua bai toan (P).

Néu T = (7}, 7,,...,
grad ¢(z) = 0(CQ)

Khi d6, voi moi duong cong khd vi p(t) nam tron trén miat cong ¢ (nghia 1a thoa

fn) la mot 101 giai ctia bai toan va gia str rang

mén g(p(t)) = 0 voi moi ) va di qua diém T (tic 1a ¢ s6 ¢, sao cho p(t,) = T), thi
ham f ( p(t)) dat cuc tiéu tai diém ¢ = to. Diéu nay c6 nghia n6 c6 dao ham bang 0 tai

diém t = t,» theo quy tac day xich ta cé:

grad f(p(t,))-p'(t)) = grad f(z).p'(t,) = 0
Nhu vay grad f(:f) vudng goc véi vector tiép tuyén ctia duong cong p(t) tai diém

Z. Dbiéu d6 xay ra vdi moi duong cong kha vi nam trén mat cong va di qua diém z nén

grad f(f) vudng goc véi miat phang tiép xtic ciia mit cong g tai diém T. Ta thay rang
grad f(T) phai song song véi vector grad f(7). Diéu d6 c6 nghia la ton tai s6 thuc A

sao cho:
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grad f(z) = Agrad ¢(7) (1)
Ky hieu L(z,\) = f(z) — A.g(x) va goi 12 ham Lagrange cua bai toan (P). Tur
dang thire (1) ta suy ra két qua sau.

2.4.2. Phuong phip nhin tir Lagrange
Pinh ly (Nguyén ly Lagrange). Néu T la mét 1oi gidi ciia bai todn (P) va théa man

diéu kién (CQ) thi ton tai s6 thue \ sao cho

gradL@ ) = | 2L @0, 22 @ N, LE =0 @
€T .'L’Q T

1 n

SO A duoc goi nhan tor Lagrange ddi véi diém cuc tri 7.

Nhan xét. Pinh 1y cho thiy su tn tai cta nhan tir Lagrange chinh 1a diéu kién can cho
tinh cuc trj cia diém 7 . Nhu vay, mudn tim cyc trj cia bai toan (P ) trudc hét ta tim
nhitng diém ctia mit cong ¢ théa man diéu kién (2) v6i mot nhan t¢ A nao do.

Tir nguyén Iy Lagrange, ta c6 thé thiét 1ap phuong phap chung dé giai bai toan tim cuc

tri c6 dicu kién cia ham nhiéu bién z = f(:l:l,:l:2,...,:ltn) véi dieu kién rang budc

g(xl,:l,’Q,...,:L“n) = 0 nhu sau.
Budce 1. Lap ham Lagrange

L(x), Ty, N) = f(2, 20,0 ) — AG(T ), Ty 7))

nhu mot ham cta (n + 1) bién.

Budce 2. Giai h¢ phuong trinh.

OL

—(z,,2,,...,x ,A) =10
axl(l 2 n )
oL

52 (2, 2y, 2, ,A) =0
OL
5(:51,:32,...,:5”,»—0
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Nghiém (:fl,:f?,...,:fn,)\) ciia hé¢ phuong trinh trén 1a diém nghi ngd c6 cuc tri

(3:1,52,...,5”,)\) g v6i nhan t¢ A tim duge.

Buée 3. Tuy theo dic tinh ctia ham f (:Ul,xQ,...,xn) ta kiém tra xem diém

(:171, T, ,:fn) c6 1a diém cuyc trj cia ham d6 hay khong.

Dudi day ta s& minh hoa phuong phap Lagrange bang mot cach kiém tra diém nghi

ngd c6 1a diém cuec tri hay khong?
Vi du. Tim cyc tiéu dia phuong cta ham s f(a:, v, Z) = z° + y2 + 2% trén mat
cong xac dinh bdi phuong trinh z* + 2y2 —22—-1=0.
Theo quy trinh da néu, trudc hét ta 1ap ham Lagrange:
L(z,y,2,\) = (2" +y° +2°) = Ma® +2¢y° —2* —1).

Khi d6, diém cyec tri can tim cia ham [ phai thoéa man céac diéu kién sau:

(L;(x,y, Z,\) = 20 —A2x =0 (1)
Li(zy,z\) = 2y-Ady =0 (2)
| (z,y,20) = 22—-XN-22) =0 (3)
Li(z,y,2,A) =2" +2y° =2 =1 =0 (4)

Gia su (:L’O,yo,zo) 1a mot nghiém. Néu 2y # 0 thi tr phuong trinh (3) ta suy ra
A = —1. Thay gia tri d6 cuia A vao cac phuong trinh (1) va (2) ta nhan dugc
z =y = 0. Diéu d6 mau thudn v6i phuong trinh (4). Do d6 z, = 0 va ta tim dugc
bdn diém nghi ngd c6 cyc tri 1 :

(1;0;0) va (—1;0;0) tng véi A = 1;

[O;L;O] va [0;—L;0] ung véi A = l
V2 V2 2

Dé tim cyc tiéu clia ham f(:l:, v, z) =2 + y2 + 2%, Ta cht ¥ hai diém sau vi tai d6

1

0,—, 0], ta co sO gia ctia ham so la:

%

gia tri cua hai ham muc tiéu nhé hon. Tai diém
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Af =f

—f[O,i,O]
2

0+h,%+k,0+l
P

2
+ ZQ _ [L]
2

2
— R+

1
k4
J2
2R+ + k2,

phai théa man dic€u kién rang budc cua bai toan

1
hk+——.1
J2

2% +2y° — 2> —1 = 0. Tucla ta phai co:

Mat khac, cac toa do

2

L 1 Ohay B2+ 2k + 22 — 1 = 0.

k+——
V2

1,2 .
Tir d6, ta suy ra: k\/g =35 (I" — h? —2k?). Thay vao biéu thirc cia Af ta duge:

h? 42

Af:h2+k2+12+k\/§:h2+k2+l2+%(12—h2—2k2)

:§z2+1h2 > 0.
) )

. . 1 . . .
biéu d6 chung to cac diem [O;T;O la diém cuyc tiéu cua ham sO va tinh duoc

minf(x,y,z) = 5

3. PHAT TRIEN BAI TOAN CUC TRI CO PIEU KIEN TU KHIiA CANH
HINH HQC TRONG KHONG GIAN HAI CHIEU

Xuit phat tir bai toan tim cuc tri cia ham sb:
2 2.
wz,y) =" +y5(P)

véi diéu kién diém (z,y) ndm trén duongthang (A) c¢6 phuong trinh:
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r+y=1(CQ)

Lap toan tir Lagrange L(z,y,\) = 2+ + Az +y—1). Cic diém nghi ngo

cuc tri 1a nghiém cta hé phuong trinh:

L(z,yA\)= 2z+X =0

L;(:E,y,)\) = 2y+A =0
L;(:L‘,y,)\) =z+y—1=0

11 . . .
Giai hé trén ta duoc (z,y) = [5,5 . bé x4c dinh duogc diém d6 co6 1a diém cuc tri

khong ta xét sO gia ciia ham so tai diem do:

2
Au:ul—{—h,l—{—k —u l,l = l+h +l+k _ =
2 2 2°2 2 2
=h+k+h*+k.
conn aa |1 1 P S A .
Mat khac diém §+h,§+k thoa man diéu kién rang buoc £ +y —1 = 0 nén
ta phai co:
1 1

§+h+§+k—1:0<:>h+k’:0-

Dodé Au=h>+k* > 0. Vay diém d6 1a diém cuc tiéu ciia ham s va gia tri cuc

tiéu cua ham so da cho la:

2 2
1 1 1
U (T,y) = S5 TIal T
Phan tich bai todn. V& mit hinh hoc ham u(z,y) = z? + y2 la binh phuong
khodng cach tir mot diém M (x,y) trong khong gian R? dén goc toa do 0(0;0) . Pidu
kién rang budc cho thay rang diém M (:17, y) phai ndm trén duong thang  + y = 1. Nhu

thé, bai toan nay dugc hiéu rang tim khoang cach ngan nht hodc dai nhat tir diém O(0;0)
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dén duong thang x + y = 1. Di nhién vé tryc gidc hinh hoc ta thiy rang chi ton tai

khoang cach ngin nhat tir mot diém dén mot duong thang. Ta co
az, + by, —I—c‘ B ‘1.0—|—1.0—1‘ 1

Va2 + 57 e A2

d(0,A) = |

Nén:
9 1
Uop(T,y) = d (0,A) = 5
Gitt nguyén ham ctia bai toan (P) thay diéu kién (C'Q)) cia né bang duong thing
tong quat ta nhan duoc.
Bai toan 1. Tim cuc trj ciia ham sd:

u(z,y) = o’ +y" (P)

v6i diéu kién diém(x, y) nam trén duongthang (A) c6 phuong trinh:

az + by = c;a®> +b* = 0.(CQ)

Lap toan tur Lagrange:

L(z,y,\) = 2> + y* + Maz + by — ¢).

Céc diém nghi ngd cuc tri 1a nghiém cua hé:

L'(z,y,\)= 2z+Xa =0

ZT

L'(z,y,A\)= 2y+Xb =0

y
Ly(z,y,\) =ax+by—c=0

ca cb
a? +b2 a2 +b°

duoc diém do6 co 1a diém cuc tri khong ta xét sO gia cua ham so tai diém do:

. bé xac dinh

Giai hé ta duoc diém nghi ngo cuc tri 1a (:E, y) =

A — o ca +h cb okl ca ’ cb ]
a’ +b? a +b° a2 +0% a®+ 0
:h2—|—]€2—|— 2hCCL 2]€Cb :h2_|_k2 +L(ha+kb)

a>+v> a® b’ a +v?
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Mit khac diém [ 20& 5 + h, Qd) 5 + k| théa man diéu kién rang budc
a” +b a”+b
ax + by — ¢ = 0 nén ta co:
ca cb
a[ 5 2—|—h —|—b ﬁ—i_k —CZO
a” +b a”+b
2 2
b
@%Jrath%erk—c:O
a” +b a”+b
< ah + bk = 0.

Do do: Au = h? + k? > 0. Vay diém d6 1a diém cyc tiéu ctia ham sb va gia tri cuc

tiéu cua ham so da cho la:

PRI NS S

a +b? a? +b? a2+b2.

Thay bai toan (P) khoang cach tir diém géc O(0,0) dén duong thing z +y =1
bang khoang cach tir mot diém [ (m,n) dén duong thang trén ta nhan duoc:
Bai toan 2. Tim cuc tri ctia ham sb:
2
u(x,y) = (& —m)+(y —n)’ (P)
v6i diéu kién rang budc diém(m, ) nam trén duc‘mgthfmg(A) c6 phuong trinh:
r+y=1(0Q)
Lap toan tuor Lagrange:
L(z,,\) = (& —m)' +(y —n)' + Mz +y —1).
Céc diém nghi ngd cuc tri 1a nghiém ctia hé phuong trinh:
L (z,y,A) =2z —m)+ X =0

L(z,y.A) =2(y —n)+A =0
L;(:U,y,)\): r+y—1 =0
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m—-—-n+1n—m-+1
2 ’ 2

d6 co la diém cuc tri khong ta xét s6 gia ciia ham so tai diem do:

. B¢ xac dinh duoc diem

Giai hé ta dugc nghiém (z,y) = [

A — 1 m—n—l—l_i_h,n—m—l—l_i_k oy m—n—l—l)n—m—i—l
2 2 2
-1
— R 2T
Mit khac diém m-n+l +h’n—72n,—|—1 —I—k] thoa méan diéu kién rang budc

T+ Yy =1 nén ta co:

m_n+1+h,n_;n+1+k:1

S h+k=0

Do do: Au = h> +k* > 0. Viy diém d6 1a diém cyc tiéu ciia ham sb va gia trj cuc

tiéu cua ham so da cho la:

—n+1 ) (n-m+1 ) _1)?
m—n+1__ L[ m+1l_ _(m+n-1) .
2 2 2

Uorp (z,y) = [
Tong hop hai bai toan trén ta nhan dugc bai toan tong quat trong khong gian hai chiéu.
Bai toan 3. Tim cuc tri ctia ham s6
2 2
u(z,y) = (& —m)” +(y —n)" (P)
v6i diéu kién rang budc diém(m, ) nam trén duc‘mgthfmg(A) c6 phuong trinh:

az + by = c;a® +b* = 0.(CQ)
Lap toan tur Lagrange:

L(z,y,\) = (z —m)’ + (y — n)* + Maz + by —c)

Céc diém nghi ngd cyc tri 1a nghiém ciia hé phuong trinh:
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L (z,y,\) =2z —m)+ X a =0
L(z,y,A) =2(y —n)+ Ab =0
Ly(z,y,A\) = az+by—c =0

Giai h¢ phuong trinh trén ta nhéan dugc:

mb® — nab + ca na’® — mab + cb
(x7y): 2 2 ) 2 2 '
a”+b a” +b

bé xac dinh dugce diém d6 cé la diém cuc tri khong, ta xét sO gia ciia ham so tai
diem do:

2 2
Au:umb nab—l—ca_i_h’na mab—l—cb+k

a? +bv? a +b?

mb® — nab + ca na’® — mab + cb

a +b? ’ a +b?

— U

=0+ K+

c—nb—ma)(ha + kb).
a2—|—62( )( )

2 2
Mit khac diém [mb nab + ca +h, na” —mab + cb E

a +b? a’ +b?

thoa man diéu

kién rang budc ax + by — ¢ = 0 nén ta c6:

2 2
. mb 2nab2—|—ca_|_h L na Qmab;—cb_'_k e
a”+b a”+b
2
2 92 2 2, 2
mab® —nab + ca +ah~|—nab mab” + cb A bk—c—0
a +b° a’ +b°
2 2
@%Jrah—i—bk—c:o
a” +b

< ah + bk = 0.
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Do d6:

Au=h?>+k>0.

Viy diém do6 1a di€ém cuc ti€u ciia ham so6 va gia tri cuc tiéu cia ham s6 da cho la:

Uy (2,) = mb* —QnabQ—I— ca_ . i n na’ —zmab2—|— cb n i
a”+b a”+b
_ m%a® + 1’ + ¢ + 2mnab — 2mac — 2nbc
a a® + b
(ma +nb— 6)2
- a® +b?

Nhu viy, vé mat hinh hoc ham u(x,y) = (1} — m)2 + (y — n)2 la binh phuong
khodng cach tir mot diém M (z,y) trong khong gian R? dén diém H(m,n). Diéu kién
rang budc cho thdy rang diém M (a:, y) phai ndm trén duong thing ax + by = c. Nhu
thé, bai toan nay duogc hiéu ring tim khoang cach ngin nhat hodc dai nhat tir diém
H(m,n) dén duong thang ax + by = c¢. Di nhién vé truc gidc hinh hoc ta thiy rang chi

ton tai khoang cach ngan nhét tir mot diém dén mot duong thing. Ta cé:

B ‘axo + by, + c‘ ‘a.m +b.n — c‘

O e deer
Nén
) (ma +nb — C>2
Upr(T,y) = d°(H,A) = T
4. KET LUAN

Bai bao khai thac mot sé bai toan cuc tri ¢6 diéu kién tir khia canh hinh hoc trong

khong gian hai chiéu theo phuwong phép nhén tir Lagrange.
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PRESENTED ABOUT THE EXPLORATION OF EXTREME
VALUE PROBLEMS IN GEOMETRIC ASPECTS

Abstract: In this paper, by using Lagrange method, we presented about the exploration of
geometric extreme value problems in two-dimensional space.

Keywords: Condition extreme, Lagrange method, two-dimensional spaces, maximum,
minimum
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TEMPERATURE AND THICKNESS-DEPENDENT
THERMODYNAMIC PROPERTIES OF METAL THIN FILMS

Nguyen Thi Hoal(l), Duong Dai Phuong’
' Fundamental Science Faculty, University of Transport and Communications
’Fundamental Science Faculty, Tank Armour Officers Training School, Vinh Phuc

Abstract: The thermodynamic properties of metal thin films with body-centered cubic
(BCC) structure at ambient conditions were investigated using the statistical moment
method (SMM), including the anharmonic effects of thermal lattice vibrations.
The analytical expressions of Helmholtz free energy, lattice constant, linear
thermal expansion coefficients, specific heats at the constant volume and those at the
constant pressure, C,, and C, were derived in terms of the power moments of the atomic

displacements. Numerical calculations of thermodynamic quantities have been perform
for W and Nb thin films are found to be in good and reasonable agreement with those of
the other theoretical results and experimental data. This research proves that
thermodynamic quantities of thin films approach the values of bulk when the thickness of
thin films is about 150 nm.

Keywords: thin films, thermodynamic...

1. INTRODUCTION

The knowledge about the thermodynamic properties of metal thin film, such as heat
capacity, coefficient of thermal expansion,... are of great important to determine the
parameters for the stability and reliability of the manufactured devices.

In many cases of the thermodynamic properties of metal thin film are not well
known or may differ from the values for the corresponding bulk materials. A large
number of experimental and theoretical studies have been carried out on the
thermodynamic properties of metal and nonmetal thin films [1-5]. Most of them
describe the method for measuring the thermodynamic properties of crystalline thin
films on the substrates [6-9].

) Nhén bai ngay 20.02.2017; chinh sira, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Nguyén Thi Hoa; Email: hoanguyen1974@gmail.com
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The main purpose of this article is to provide an analysis of the thermodynamic
properties of metal free-standing thin film with body-centered cubic structure using
the analytic statistical moment method (SMM) [10-12]. The major advantage of our
approach is that the thermodynamic quantities are derived from the Helmholtz free
energy, and the explicit expressions of the thermal lattice expansion coefficient,
specific heats at constant volume and those at the constant pressure Cy, Cp and the
coefficient of thermal expansion o are presented taking into account the anharmonic
effects of the thermal lattice vibrations. In the present study, the influence of surface
and size effects on the thermodynamic properties have also been studied.

2. THEORY

2.1. The anharmonic oscillations of thin metal films

Let us consider a metal free standing thin film has n" layers with the thickness d . We
assume the thin film consists of two atomic surface layers, two next surface atomic layers

and (n" —4) atomic internal layers. (see Fig. 1).

Thickness
d

(n*-4) Layers

Fig. 1. The free-standing thin film

For internal layers atoms of thin films, we present the statistical moment method

formulation for the displacement of the internal layers atoms of the thin film y,_ is

solution of equation [11]

d’y, dy,
7tr62 F + 37tr‘9ytr d

+ ytry?r +ktrytr +7/tr ki(xtr COth'xtr _l)ytr _p = 0 4 (1)
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where

ho,
ytr =< ui,tr >p;xtr = 29t ;eszT’

__Z( (pmJ = m,,, 2)
eq
1 [0l 6 o'p;
Vi = 482( ou i4a Jq’ Vo = 482(81/[ aul}/ ’
e eq

1 o’ ool
}/tr —_ (010 + 6 2¢m 5 (3)
12|\ oul, Ou,,0u;,
eq eq

where k, is the Boltzmann constant, 7' is the absolute temperature, m, is the mass of

atom, @, is the frequency of lattice vibration of internal layers atoms; k., 7., V>, V.
are the parameters of crystal depending on the structure of crystal lattice and the interaction
potential between atoms; ¢ is the effective interatomic potential between 0" and i™
internal layers atoms; wu,, , u,,, u, are the displacements of i™ atom from equilibrium
position on direction a, f#,y(a, B,y =x,y,z), respectively, and the subscript eq indicates
evaluation at equilibrium.

The solutions of the nonlinear differential equation of Eq. (1) can be expanded in the

power series of the supplemental force pas[11]
Yo =Yo + A p+ AP, €y
Here, y; is the average atomic displacement in the limit of zero of supplemental force
p . Substituting the above solution of Eq. (4) into the original differential Eq. (1), one can

get the coupled equations on the coefficients 4" and A4, , from which the solution of y; is

given as [10]

2y 6’
{t)r ~ ytrj (5)
3kl7‘
where
2 n2 3 4 n4 5 6
. 0 o0 N7 o o
A, = a;’ n 7’1/;4 ag n 7tr6 a§r+7/z];<8 al + yZ[() o 7’1;12 6’ (6)
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with a "(n = 1,2...,6) are the values of parameters of crystal depending on the structure of
crystal lattice [10].
Similar derivation can be also done for next surface layers atoms of thin film, their

displacement are solution of equations, respectively

2

d’y, dy, 0
7/71g102 ?fl + 37/71g16yng1 d;I + 7ng1yng1 + knglyngl + 7/71g1 k (xngl COth‘x l)yngl - p = 0 (7)

ngl
For surface layers atoms of thin films, the displacement of the surface layers atoms of

the thin film y,, =< > is solution of equation

o(u®)
kg <t >, +7,,| <u™ >2 +¢9T"+ (%, cothx,, 1) |—p=0 ®)
: a
ng
where
hw 3
— ng _= 2 n n 2
LT "g_zz,.:[(o o ). + (00t ) | = ma, .
) %)
7,,=z[ o) 2] | ®
¢ zaﬁ';/ auz?:zng autzzzngauz;/g g

The solutions of equation (8) can be expanded in the power series of the supplemental

force pas

o =Vt FAD+ AP (10)

Here, y, is the average atomic displacement in the limit of zero of supplemental force

p - The solution of y;" is given as

g¢9
T X coth X,q- (11)

ng

ng
Yo =

2.2. Free energy of the thin metal film

Usually, the theoretical study of the size effect has been carried by introducing the
surface energy contribution in the continuum mechanics or by the computational
simulations reflecting the surface stress, or surface relaxation influence. In this paper, the
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influence of the size effect on thermodynamic properties of the metal thin film is studied
by introducing the surface energy contribution in the free energy of the system atoms.

For the internal layers and next surface layers. Free energy of these layer are

2
Y, = {US" + 3N,,,9[xn, + ln(l —e )]} + 3]\]/;’30 {Vzer; _%(1 + %j} "

6N, 6 X, X,
k4 {3}/%7 ( 2 sz‘r_z(ylztr+2}/1tr}/2tr)(1+7j(l+Xn)}

3N 6 2y, X
n —2Xyg1 n; n n
{U gl +3Nng19[xngl +Zl’l(1 e ):|}+ k;’l {}/anl ngl _ ;gl (1+ 281 j}_{_

ngl

6Nn O 14 Kogi 2 X1
kf {3]/2"@ 1+ 28 Xngl _2(]/1ng1 +2}/1ng1]/2ng1) 1+ 2g (1+Xng1)

ngl

(12)

(13)

41 5 and

In Egs. (12), (13), using X, = x,cothx,, X, =X, cothx

U =25 g 1, JUp = S (1, ) (14

where 7; is the equilibrium position of i™ atom, u; is its displacement of the i™ atom from
the equ1l1br1um position; @7, @', are the effective interatomic potential between the 0"

and i internal layers atom, the 0™ and i next surface layers atom, ; N, N, and are
respectively the number of internal layers atoms, next surface layers atoms and of this thin

film; U;,U®" represent the sum of effective pair interaction energies for internal layers
atom, next surface layers atom, respectively.

For the surface layers, the Helmholtz free energy of the system in the harmonic
approximation given by [11]

v, = {Ugg +3N,,0x,, +in(1-¢ )J} (15)

Let us assume that the system consists N atoms with »" layers, the atom number on

each layer is N,  then we have
* * N
N=nN, =>n =—.
NL

The number of atoms of internal layers, next surface layers and surface layers atoms
are , respectively determined as
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N, =(n*_4)NL =[Ni—4JNL =N-4N,,

L
N, =2N,=N-(n"-2)N, and N, =2N, =N—(n =2)N,. (17)
Free energy of the system and of one atom, respectively, are given by

BU = Ntrlﬂtr +Nng1V/ng1 +Nngl”ng _TSL :(N_4NL)V/IV +2NLan1 +2NL‘//ng _TSL’(lg)

b 4 2 2 N
—=|1- " I . +— ne C, 19
N |: n :‘Wtr n l//gI n l//g N ( )

where S, is the entropy configuration of the system; v, , v, and y, are respectively the
free energy of one atom at surface layers, next surface layers and internal layers.

Using @ as the average nearest-neighbor distance and b is the average thickness two-
layers and a, is the average lattice constant. Then we have
a 2
—=and a, =—a. (20)
V3 V3
The thickness d of thin film can be given by

b=

* * - * 5

d =2b,, +2b,, +(n" =5)b, =(n" ~1)b=(n —1)$ 1)
From equation (21), we derived

n =l+i=1+—dl/§.

a
The average nearest-neighbor distance of thin film
2a, +2a,, +(n —5)a
a— — ng ngl ( ) tr (23)

n -1

In above equation, a,,, a,, and g, are correspondingly the average between two

ng o
intermediate atoms at surface layers, next surface layers and internal layers of thin film at a
given temperature 7. These quantities can be determined as

— ng _ ngl _ tr
ang - aO,ng + Mo ’angl - aO,ngl + Yoo 5 ay = aO,tr + Yo (24)

where «,,., 4,,, and a,, denotes the values of a,, a,, and g, at zero temperature

ng?’ ngl
which can be determined from experiment or from the minimum condition of the potential

energy of the system.
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Substituting Eq. (22) into Eq. (19), we obtained the expression of the free energy per
atom as follows
¥ d\3-3a 2a 2a TS,

~r tr+ n+— n, - c' (25)
N dJ3+a dJ3+va " dJ3+a ™ N

2.3. Thermodynamic quantities of the thin metal films
The average thermal expansion coefficient of thin metal films can be calculated as

k da _d a +d ng1+(d_dng_dngl)atr

ng 'ng

, 26
a, do d (26)
where d,, and d,,, are the thickness of surface layers and next surface layers, and
ky Oy k, Oy (T k, 0y
_ kg (1) ok 0(T) ok, (D)

tr ng ngl
a,, 00 ay,, 00 Ay, 00

The specific heats C, at constant volume temperature 7 is derived from the free

energy of the system and has the form

2
CV:F_W} cp O B 2T e 2 om (g
orT |, oT d3+a d\/§+a d\/_ +a
where
=3k N x +2—9 2y S x cothx, +27m_ X! +2x;c0th2xt, 29)
sinh’x, k. Vor ™3 | sinkt x x, 3 Vor | sinkt x,  sinh’x, |||

The isothermal compressibility 4. is given by

3
31 2
W 1(61/} B 4
T~ " 5| Anp - — —
Vo \oP ), P4 [d\/— 3a6‘P 2a aZang+ 2a aZ\PnglJ
T

+
d\3+a oda, d\3+a da,, d3+a oa,,
(30)

Furthermore, the specific heats at constant pressure C, is determined from the

thermodynamic relations

ov\ (P ,
C,=C,-T|<=| | Z=| =C, +9TVa’B,. 31
e -1[2] (22) ~c o, o
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3. NUMERICAL RESULTS AND DISCUSSION

In this section, the derived expressions in previous section will be used to investigate
the thermodynamic as well as mechanical properties of metallic thin films with BCC
structure for Nb and W at zero pressure. For the sake of simplicity, the interaction potential
between two intermediate atoms of these thin films is assumed as the Mie-Lennard-Jones
potential which has the form as

o(r) = (n?—m){m[%j —n(%” (32)

where D describing dissociation energy; 7, is the equilibrium value of r; and the

parameters n and m can be determined by fitting experimental data (e.g., cohesive energy

and elastic modulus). The potential parameters D,m,n and 7, of some metallic thin films

are showed in Table 1.

Table 1. Mie-Lennard-Jones potential parameters for Nb of thin metal films [12]

Metal n m 1, (A% D/kg,(K)
Nb 7.5 1.72 2.8648 21706.44
W 8.58 4.06 2.7365 25608.93

2.805 — 1 -~ 1~ 1 1 1 " T 1 ' 1
2.800 |- S
- L -
2.795 | .
L - j
2.790 | o _
L u 4
2.785 | .
L v _
%; 2.780_— . : ]
® 2775 | © -
L - j
2,770 | 5 .
L v = 10 layers |1
2.765 o - o 20layers |
2760 r . 70 layers | ]
L v 200 layers
2.755 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

0 200 400 600 800 1000 1200 1400 1600 1800
T (K)

Fig. 2. Dependence on thickness of the nearest-neighbor distance for Nb thin film
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Using the expression (23), we can determine the average nearest-neighbor distance of
thin film as functions of thickness and temperature. In Fig. 2, we present the temperatures
dependence of the average nearest-neighbor distance of thin film for Nb using SMM. One
can see that the value of the average nearest-neighbor distance increases with the
increasing of absolute temperature T. These results showed the average nearest-neighbor
distance for Nb increases with increasing thickness. We realized that for Nb thin film when
the thickness larger value 150 nm then the average nearest-neighbor distance approach the
bulk value. The obtained results of dependence on thickness are in agreement between our

works with the results presented in [14].

1.1 r— - 1T 1 - 1 1 1 1T ™ 1 ° 1
|
u
u
10 |- ] _
n O
O
09 o .
= o
= v
® osf 5 S 7 1
10 layers
v o 20 layers
07F o 70 layers |-
v 200 layers
. [15] bulk
0.6 | ' | ' | ' | ' | ' | ' | | ' |

0 200 400 600 800 1000 1200 1400 1600 1800
T(K)

Fig. 3. Temperature dependence of the thermal expansion coefficients for Nb thin film

In Fig. 3, we present the temperature dependence of the thermal expansion coefficients
of Nb thin fillm as functions of thickness and temperature. We showed the theoretical
calculations of thermal expansion coefficients of Nb thin film with various layer
thickneses. The experimental thermal expansion coefficients [15] of bulk material have
also been reported for comparison. One can see that the value of thermal expansion
coefficient increases with the increasing of absolute temperature T. It also be noted that, at
a given temperature, the lattice parameter of thin film is not a constant but strongly
depends on the layer thickness, especially at high temperature. Interestingly, the thermal
expansion coefficients decreases with increasing thickness and approach the bulk value.
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Fig. 4. Temperature dependence of the isothermal compressibility for Nb thin film

In Fig. 4, we present the temperature dependence of the isothermal compressibility of
the Ag films as a function of the temperature in various thickneses and the bulk Nb [15] by
the SMM. We realized that also, it increases with absolute temperature T. When the
thickness increases, the average of the isothermal compressibility approach the bulk
values. These results are in agreement with the laws of the bulk isothermal compressibility
depends on the temperature of us [10].

The specific heat at constant pressure C, is one of important thermodynamic
quantities of solid. Its dependence on thickness and temperature was showed in Fig. 5 for
Nb thin film. Experimental data of C, of Nb bulk crystal were also displayed for
comparison [15]. It is clearly seen that at temperature range below 700 K, the specific heat
C, of thin film follows very well the value of bulk material. When temperatures and the
thickness of thin film increase, the specific heat at constant pressure increase with the

absolute temperature, therefore the specific heat C, depends strongly on the temperature.

In Fig. 6, we presented SMM results of the specific heats at constant volume of Nb
thin film with various thickness as functions of temperature. It is clearly seen that at

temperature in range T<300K, the specific heat at constant volume C, depends strongly on

the temperature. It increases robustly with the increasing of absolute temperature. In
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temperature range T >300 K, the specific heat C, reduces and depends weakly on the

temperature. The thicker thin film is the less dependent on temperature specific heat C,

becomes. In our SMM calculations, when the thicknesses of Nb and W thin films are larger

than 150 nm, the specific heats C, are almost independent on the layer thickness and reach

the values of bulk materials.

6.5 T T T T T T
[ |
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Fig. 5. Temperature dependence of the specific heats at constant pressure for Nb thin film
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Fig. 6. Temperature dependence of the specific heats at constant volume for Nb thin film
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4. CONCLUSIONS

The SMM calculations are performed by using the effective pair potential for the W
and Nb thin metal films. The use of the simple potentials is due to the fact that the purpose
of the present study is to gain a general understanding of the effects of the anharmonic of
the lattice vibration and temperature on the thermodynamic properties for the BCC thin
metal films.

In general, we have obtained good agreement in the thermodynamic quantities
between our theoretical calculations and other theoretical results, and experimental values.
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S T A I

—_ = = = =
whn A WD = O

CAC TINH CHAT NHIET PONG HQC PHU THUQC PQ DAY
VA NHIET PQ CUA MANG MONG KIM LOAI

Tom tat: Ung dung phuong phap thong ké mé men vdo nghlen cibu tinh chdt nhiét d‘ong
ciia mang méng kim logi voi cau tric ldp phwong tam khoi. Quda trinh nghién citu c6 ké
dén dong gop cia hiéu vmg phi diéu hoa trong dao dong mang tinh thé. Pa thu duwoc cdc
biéu thire gidi tich cho phép tinh nang lwong tw do Helmholtz cia hé, cdc hang sé mang,
hé s6 dan né nhiét ciia mang mong, ... Cdc két qua nghién ciru 1y thuyét dwoc dp dung
tinh s6 v6i mang mong kim loai Nb va so sanh véi sé liéu thue nghiém va cdc két qua tinh
bang phwong phdp khdc cho thdy cé sw phit hop tot.

Tue khéa: mang mong, nhiét dong luc hoc...
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XAC SUAT THIET HAI TRONG BAO HIEM
VOI MO HINH RUI RO PHU THUOC MARKOV

Nguyén Thi Thiy Hong’
Truong Dai hoc Thu do Ha Noi

Tom tdt: Noi dung chinh ciia bai bao la dwa ra dwgc cong thirc tinh chinh xdc xdc sudt
thiét hai cho mé hinh riii ro trong bdo hiém khi ddy tién thu bdao hiém va chi tra bdo hiém
la day bién ngau nhién phu thuéc Markov.

Tir khéa: M6 hinh riii ro, xdc sudt thiét hai (khéng thiét hai), phi bao hiém, day tién thu
bdo hiém.

1. PAT VAN DE

Bao hiém 13 hoat dong qua d6 mét ca nhan hay t6 chirc co quyén duoc hudng trg cip
nho vao mot khoan dong gop cho minh hodc cho ngudi thu ba trong truong hop xay ra rui
ro. Khoan tro cap nay do mét to chirc tra, to chirc nay co trach nhiém dbi véi toan bd cac
rtii ro va dén bu cac thiét hai theo hop dong bao hiém. Bao hiém gép phan bao dam cho céc
qué trinh tai san xuat va doi sdng xa hoi duge dién ra binh thuong.

Céc cong ty khi tién hanh dau tu tai chinh ¢ thé gap rii ro (dan dén thua 18 hodc pha
san). Cac cong ty bao hiém mo ra nhim muc dich chiu trach nhiém va chia sé mot phén rui
ro ndy, nhung ngay chinh hoat dong bao hiém ciing 1 mét hoat dong dau tu tai chinh nén
ban than no ciling chira dung sy rii ro. Hi€n nay, ding trudc kho khan cia nén kinh té, cac
doanh nghiép nganh bao hiém di khong ngimg nd lyc, vugt kho dé tiép tuc phat trién. Mot
trong nhitng viéc quan trong cua cac cong ty nay la danh gia dugc mic do rii ro, day la
nhu cu cép thiét, doi hoi can duge nghién curu va giai quyét, dé han ché tdi thiéu thiét hai
c6 thé xay ra.

Pbi v6i cac mo hinh riti ro ¢ dién, bai toan thudng dugc nghién ciru véi cac gia thiét
lién quan toi ddy bién ngdu nhién doc lap. Chang han, nhu trong két qua cua Cramer —
Lundberg vé udc luong xac sudt thiét hai trong mé hinh rii ro véi thoi gian lién tuc, diy

/'Nhan bai ngay 5.3.2017; chinh sira, giri phan bién va duyét dang ngay 20.3.2017
Lién hé tac gia: Nguyén Thi Thuy Hong; Email: ntthong05@gmail.com
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céc sO tién doi tra bao hiém, cling nhu diy thoi gian giita hai 1an doi tra lién tiép, déu gia
thiét 1a ddy bién ngiu nhién khong am, doc lap, cung phan phoi.

Trong 1y thuyét rai ro, hai mé hinh c6 dién sau day la rit quan trong va dugc nghién
ctru nhiéu: M6 hinh nhj thirc hdn hop va mé hinh Poisson hdn hop. Hai tac gia Picard va
Lefévre (xem [8]) dua ra cong thirc dudi dang hién dé tinh xac suat pha san véi thoi gian
hiru han trong mé hinh Poisson véi cac qué trinh chi tra nhan gia tri nguyén. Mot s6 tac gia
(xem De Vylder[3], [4] va Ignatov [5], [6]) d4 chi ra tim quan trong cta cong thirc Picard
— Lefévre ciing nhu pham vi tmg dung rong rii ciia né. Gan day hai tac gia Claude Lefévre
va Stephane Loisel) (xem [2]) d3 mo rong cong thirc trong [8] cho mé hinh rui ro bao hiém
nhi thirc va mé hinh Poisson. Hon nita cong thirc tinh xac suat pha san con dugc cho dudi
dang hién, song cac tic gia ndy chi xét mé hinh rui ro c6 ddy tién thu bao hiém duoc gia
thiét don gian 1a tit dinh, tuyén tinh theo thoi gian, con ddy tién chi tra bao hiém la day
bién ngau nhién doc lap, cung phan phdi va c6 phan phdi nhi thirc. Trong [1], ching t6i xét
mo hinh ma ddy tién thu va chi tra bao hiém la cic diy bién ngiu nhién nhéan gia tri
nguyén, khong am, ddc 1ap va di tim ra cong thic tinh chinh x4c xac suat phd san cho mo
hinh rai ro nhj thie tong quat. Két qua trong [1] 12 mé rong dang ké két qua trude do cua
Claude Lefévre va Stephane Loisel trong [2].

Trong bai bao ndy, ching toi dwa ra cong thirc tinh chinh xac xac suét thiét hai (xac
suét riii ro) cho md hinh roi rac, khi day tién thu bao hiém va chi tra bao hiém la phu thudc

Markov. Pay 1a mé rong dang ké cho cong thic tinh chinh x4c xac suat pha san trong [1].

2. NOI DUNG
Trude hét, chung t6i xin gidi thiéu mo hinh rai ro c6 ddy tién thu va chi tra bao hiém la
phu thudc Markov.

2.1. M6 hinh rii ro nhj thirc tong quat véi diy bién ngiu nhién phu thudc
Markov

Bay gio, ching ta khao sat hoat dong cia cong ty bao hiém ma viéc hach toan thu, chi,
16, 13i dugc xét theo nhitng chu ky ¢ dinh cho trude (vi du theo thang, theo quy hodc theo
nam...), cong ty c6 sé von ban daula u € N,

Tai mdi chuky ¢ (=1, 2,...), taky hiéu X,,Y, tuong tmg la téng sd tién chi tra va tong
s tién thu bao hiém trong chu ky tht ¢. Ta ky hiéu U . la thang du cua cong ty bao hiém ¢

cudi mdi chu ky ¢, khi d6 ta c6 bicu dién:



TAP CHi KHOA HOC - S0 14/2017 | 43

1

!
u+Y Y=Y X, 2.1)
—1 i

i i=1

Ut

Thang du phai dwong thi cong ty méi ¢6 13i, nguoc lai tai cudi chu ky # xay ra rii ro
néunhue U, <0.
Ky hiéu 7, 14 thoi diém dau tién xay ra rii ro, 7, 1a mot thoi diém dimg ngdu nhién
duoc dinh nghia bdi:
T =inf{t: 1<t<T, U <0},
O day, T'1a mot thoi diém nao d6, 0<T <40, véi quy udc:
infd = .
Xéc sudt riii ro trong thoi gian hitu han ky hiéu 1a W(u,T) duoc dinh nghia bai:
Y(u,T) =P{U, <0 voi mjt tnao d6 < T}, (2.2)
Tacod T, >t +1, c6 nghia la: Trude thoi diém ¢, rai ro chua xay ra, tirc 14 tai thoi diém
1<i<¢ thithang du U, > 0.

Khi d6, xac suét thiét hai trong (2.2) c6 quan hé vdi xac suét khong thi¢t hai
P(T, >t +1) thong qua biéu thic :

Y(u,T)=1-P(T >t+1). 2.3)

Trong phén tiép theo, thay cho viéc tinh xac suat thiét hai, chiing ta dua ra cong thirc
tinh chinh x4c xac suat khong thiét hai véi mdc thoi gian hiru han P(7, > ¢ +1)cho m6 hinh
rii ro (2.1), tir d6 tinh dwoc xéc suét thiét hai twong ting (nhd (2.3)), khi xét day tién chi tra
bao hiém va thu bao hiém (X,)., va (¥))., 1a phu thugc Markov. Diéu d6 dugc thé hién

trong ndi dung cua dinh ly sau day.
2.2. Pinh 1y 2.1
Gia sir cong ty bao hiém c6 von ban daula U € N

Tai cuoi moi chu ky t, von cua cong ty la bién ngau nhién
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Trong do X,,Y, twong irng la tong sé tién chi ra va tong sé tién thu dwoc trong chu ky
thir i.
Gid st rang:
Qud trinh chi trd bdo hiém (X.)., la mét xich Markov roi rac, thudn nhdt, nhdn gid
M
tri nguyén, khong am voi phan phéi ban dau cia X, : P(X, =k) = pk,Zpk =1va ma tran
k=0

xdc suat chuyén [p;] véi p, = P(X,,, = jlX, =0.
Qud trinh thu bdo hiém (Y))., la xich Markov roi rac, thudn nhdt, nhdn gida tri

M
nguyén, khéng am véi phan phoi ban dau cia Y, : P(Y, = k) = qk,qu =1va ma tran xdac
=0

sudt chuyén [q;1 véi p, = P(Y,,, = j|Y, =0).

Ton tai s6 nguyén dwong M < o sao cho P(Y, <M)=1va P(X,<M)=1 (visé tién
thu va chi tra bdo hiém chi hitu han).

Khi d6 ta cé cong thire tinh chinh xdc xdc sudt khong thiét hai véi méc thoi gian hitu
han P(T, 2t +1) nhu sau:

P(T2t+D)=| Y Qi oiiteTityoni, O D0 PLiseP i)
0<(k;—k;_ ) <M 0<i, <ky +u
1<i<t 0y +iy <k +u
k=0

0, +.. i, <, +u
2.4)
Chirng minh:
Pé cho tién, ta ki hiéu trong cong thuc (2.1) duoi dang:
U =u+V -8,
Trong do:

!
V.= ZYl la tong so tién thu bdo hiém cua cong ty bdo hiém tinh cho dén thoi diém ¢

i=1

(tinh theo chu ky).
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!
S, = ZX , tong so tién chi tra bao hiém cua cong ty bao hiém tinh cho dén thoi diem ¢
i=1

(tinh theo chu ky).
T, 1a thoi diém dau tién xdy ra rui ro.
Hién nhién ta c6 quan hé ngau nhién sau:
T >t+1}={U,>0,i=12,..,t}
Muc dich Ia ta dua ra cong thure tinh xac suét khong thiét hai P(I; >+ 1).

Ta co:

(T, 2t+1)=(U, >0,1<i<t)=(S, <V, +u,l<i<t)

1

t iM

OUS, <k+u) (¥, =k) (2.5)

i=1 k=0

Lidolawvi:
PO<Y <M)=1nen POV, =Y +Y,+..+Y <iM)=1
Tur (2.5) ta co:
P(T, 2t+1)=P([(Sl <)V, =0)u (S, <l+u)V, =) U..u(S, <M +u)V,=M)]N
N[(S, <u)(V, =0)U(S, <1+u)(V, =1)U...U(S, <2M +u)(V, =2M)]N...n
m[(St <u)V,=0)u (S, <1+u)(V, =) u..u(S, <tM +u)(V, :tM)])

= P[(S, <u) (S, <t) N...A(S, <u)(V, = 0)(V, =0)...(V, = 0)]U...U...
= U P{(S <k +u)N(S, <k, +u)N..0(S, <k +w)](V; =k)V, =k,)(V, =k,)}-

0<(k—k_ <M
1<i<t
ky=0

(2.6)
Ta ¢ (2.6) bai vi do tinh chét sau cua V.,chay rang cac Y. nhan gia tri nguyén khong
am. T dotasuyranéu i< j va k, > k, thi:

PV, =k)V; =k)]=P[(Y,+ Y, +..+ Y, =k)X + L, +..+ ¥ +..+Y, =k))]

= P[(V, = k)Y, 4.t Y, =k, —k)]=0
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Tir (2.6) ta tiép tuc viét lai:

P(T,2t+1)= > PIS, <k +u)(S, <k,+u)..(S, <k, +w)]P[(Y, = k)

0<(k;—k; )<M
5
Y, =k, —k)..(Y, =k, —k,_))]. (2.7)

Theo cong thirc nhan xac suit, ta nhan théy:

P[(Y1 :k1)(Y2 :kz _kl)"'(Yt :kt _kt—l)]
= P(Y, = k)P, =k, _kl‘Yl = k)P(Yy = by =k, |V, = k.Y, = ky = ky)....
P, :kt _kz—1|Y1 :k1>Y2 :kz _kl""’Yt—l :kt—l _kt—2)'

Do tinh Markov, ta cé:

PI(Y =k)(Y, =k, —k)..(Y, =k, — k,_})]
= P(Y, =k)P(Y, =k, —k|Y, = k) P(Y, = ky = k,|Y, =k, — k))....
PO =k =k Y =k —k )
= G D, oyt Dyt eyt D~k ok, - (2.8)

Ta tiép tuc tinh toan vé phai ctia (2.7). Theo cong thirc nhan xac sudt thi:

PI(S, <k +u)(S, <k, +u)..(S, <k +u)]
= P(S, <k, +u)P(S, <k, +u|S, <k +u)P(S, <k, +u

S <k +u,S, <k, +u)..

P(S, <k +u

S, <k +u,S,<k,+u,..S, <k _ +u)

Tuong tu nhu trén, do tinh Markov, ta c6:

PI(S, <k +u)(S, <k, +u)..(S, <k +u)]
=P(S, <k, +u)P(S, <k, +u|S, <k, +u)P(Sy < ky +u|S, <k, +u)...
P(S, <k +ulS, <k +u)

=P Pii,Pi i Pi_ (2.9)

Két hop cac két qua (2.7), (2.8) va (2.9) lai, ta c6 cong thuc tinh chinh xac xac suat
khong thiét hai (2.4).

Viy dinh ly da dugc chiing minh xong.
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3. KET LUAN

Trong md hinh rii ro (2.1), khi xét hai ddy diy tién thu bao hiém va chi tra bao hiém
{X.}.; {Y:}., 1a cac ddy bién ngiu nhién phy thuéc Markov, ta thu dugc cong thirc tinh
chinh x4c x4c suat thiét hai (2.4) cho dudi dang hién véi wu diém 16n 12 khong pham phai
sai 6 phuong phap.
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RUIN PROBABILITIES IN INSURANCE
FOR RISK MODELS WITH SEQUENCES OF MARKOV
DEPENDENT RANDOM VARIABLES

Abstract: In this article, we proved the exact formula for the ruin (non-ruin) probability
for risk model with sequences of Markov dependent random variables.

Keywords: Risk models, ruin probability, premiums, sequences of premium
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HIEU QUA XU LY NUGC THAI SINH HOAT
BANG MANG LOC SINH HOC MBR

Nguyén Minh Ky'", Lé Thi Ngoc Phwong’, Lé Vin Trung’, Nguyén Hoang LAm’
"Treong Pai hoc Nong Lam TP. Ho Chi Minh
*Truong Pai hoc Sw pham Ky thudt TP. Ho Chi Minh
' Truwong Pai hoc Bdch khoa - Pai hoc Pa Nang

Tém tdt: M6 hinh thi nghiém MBR dwoc vin hanh trong thoi gian 120 ngay véi cdc tdi
trong hitu co tir 1,7 dén 6,8 kgCOD/m’.ngay. Ham lmmg BODs va COD ddu ra duy tri ¢
mite khd thap cho thdy kha nang xit 1y hiéu qua chat hitu co ciia bé phan ung mang loc
sinh hoc MBR Nghlen cibu vé moi lién hé twong quan giita cdc thong $6 6 nhiém sau xir
Iy véi cde yéu t6 dnh huong trong qud trinh vin hanh hé thong & mirc do kha chdt
(p<0,05). Uu diém ciia céng nghé mdng loc sinh hoc cé thé dp dung xit Iy dat hiéu qud
cao cac hop chat hitu co ciing nhw cdc chat dinh dwdng trong nwée thai sinh hoat.

Tir khéa: Loai bo, nudc thai, sinh hoat, sinh hoc, MBR.

1. MO DAU

Cong nghé mang loc sinh hoc MBR (Membrane Bioreactor) 1a sy két hop qua trinh
bun hoat tinh sinh hoc va mang loc [2]. Trong d6, gdm hai qua trinh co ban: Phan huay sinh
hoc chat hitu co va k¥ thuét tach sinh khéi vi sinh bing mang. Day 1a mot trong nhimng
phuong phap hién dai, da duoc ap dung xir Iy thanh cong nhiéu loai d6i tuong nude thai
khéc nhau. Véi viée sir dung mang loc ¢6 kich thudc 16 mang dao dong tir 0,01-0,4um nén
vi sinh vat, chit 6 nhiém, bun bi gitr lai tai bé mat mang. Nho néng dd sinh khdi cao nén
gia ting hiéu qua xur Iy nude thai so v6i phuong phap truyén thong. Hidu qua xir 1y chat 6
nhiém thuong dat mirc cao ddi véi cac thong s6 6 nhiém nhu BODs, COD, TSS, TN, TP
[6,9]. Nhin chung, cong nghé mang MBR thich hgp xir Iy nudc thai cong nghiép 1an sinh
hoat (Roest, et al. 2002) [8,10].

Trong bé phan tng MBR, hoat dong séng cua vi sinh vét trong viéc sit dung co chét,
thic day cac qua trinh hoa sinh va giam thiéu cac chat 6 nhiém. Nong d6 MLSS cao c6 vai

) Nhén bai ngay 5.3.2017; chinh stra, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Nguyén Minh Ky; Email: nmky@hcmuaf.edu.vn
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trd quan trong trong qua trinh phan hiy cac hop chit hiru co (Xing et al., 2000) [12]. Do
tam quan trong cta phuong phap nén c6 kha nhiéu nghién ciru da duogc thuc hién tir trude
dén nay [7,13]. Muc dich cta nghién ctru nham khao sat danh gia hiéu qua xu 1y ciia cong
nghé mang loc MBR trén ddi twong nudc thai sinh hoat.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

Mang MBR st dung 1a mang sgi rong va c6 kich thuéc 16 loc 0.4um, nhan hiéu
Mitsubishi (Japan). Nudc thai nghién ciru c6 thanh phan va ham lugng cac chat 6 nhiém
duogc thé hién chi tiét & Bang 1.

Bang 1. Két qua chat lwong nueée thdi sinh hoat va gidi han tiép nhén

Két qua QCVN
TT Chi tiéu Pon vi 14:2008/BTNMT
Mean SD (Cot A)
1 pH - 7,6 0,4 59
2 DO mg/1 1,1 0,13 >2°
3 BOD; mg/1 312 14,5 30
4 COD mg/l 630 27,8 75°
5 TSS mg/l 4027 98,3 50
6 Nito téng mg/l 33 4,7 20°
7 Photpho tong mg/l 21 3,2 4°
8 Coliforms MPN/100 ml | 2,1.10° 10 3000

Chii thich: QCVN 14:2008/BTNMT — Quy chuan ky thuat qudc gia vé nude thai sinh hoat QCVN
39:2011/BTNMT — Quy chuin qudc gia Ve chét lucmg nuée dung cho tudi tiéu "QCVN
40:2011/BTNMT — Quy chuén k¥ thuat quéc gia vé nudc thai cong nghiép (cot A)

2.2. M6 hinh thi nghi¢m

Bé phan tmg dugc thiét ké voi dung tich hitu ich 36 lit (kich thuéc L.W.H =
24%20*75cm) va module mang nhung chim co6 kich thude 16 loc 0,4pm, dién tich bé mit
0,9 m*> (Mitsubishi, Japan). Thoi gian luu biun SRT dugc kiém soat theo ché d6 25 ngay.
Chu ky hoat dong va nghi cia mang loc véi thoi gian 10:1 phat. Bé duy tri DO >= 2,0 mg/l
trong qua trinh van hanh, nghién ctru bé tri sir dung thiét bi cip khi c6 luu luong 1,7 m*/h.
Hiéu suét loc qua mang tuong dwong 15-20 1/(m*.h). Khong khi dwoc cung cip dé vi sinh
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vat phan hiy chat hitu co, thiic ddy qua trinh nitrate hoa va giam tic nghén mang. Nong do
MLSS ban dau trong bé phan tng duy tri twong dwong 10.000 mg/1.
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Hinh 1. So' d6 mé hinh thi nghiém

Mb hinh nghién ctru tién hanh diéu chinh pH dao dong trong khoang 6,5-8,0 va van
hanh trong thoi gian 120 ngay dé khao sat, danh gia anh huong 1én hiéu qua xir Iy BODs,
COD, TSS, N, P. Trong qua trinh van hanh chi rra sic mang bang nudc sach, suc khi bé
mit va khong bo sung dinh dudng. Thi nghiém voi dong nudc thai: 4, 8, 12, 16 lit/gio.
Tuwong tng thoi gian luu thuy lyc HRT lan luot 9,0; 4,5; 3,0 va 2,25 gi0. Tai trong hitu co
OLR dao dong trong khoang 1,7 dén 6,8 kgCOD/m’.ngay.

2.3. Phwong phap phén tich va xir 1y s6 liéu

Phuong phap phén tich cic thong s6 chat lugng nudc theo phuong phap chuan APHA,
2005 [1]. Tan suét do dac cac chi tiéu chit lugng nude duoc thue hién 3 lan/tuan. Céc gia
tri pH, nhiét 46, DO duoc do béng thiét bi do nhanh. Xéc dinh chi tiéu BODs b'fmg phuong
phap 1 trong ti cdy & didu kién 20°C va 5 ngay. Ham lugng COD, TN, TP do bing may
quang ph6 UV-VIS. Chi s6 TSS, MLSS duoc xac dinh theo phuong phép trong luong. Céc
s6 liéu nghién ctu dugc thong ké va xur 1y bang cac phdn mém Microsoft Excel 2010,
SPSS 13.0 for Windows.

3. KET QUA NGHIEN CUU VA BAN LUAN

Theo Metcalf & Eddy, 2002 [4], bé phan tmg MBR duy tri nong d6 bun ¢ mirc cao va
c6 tinh hiéu qua vé chat lugng thong sd sau xir 1y cao hon cac bé phan tng bun hoat tinh
truyén thong. Bun sinh hoc s& dugc giit lai trong bé phan mg, mat do vi sinh cao nén nang
cao hiéu sut xir Iy chat 6 nhidm [11]. Hiéu suat xir Iy BODs, COD, TSS, TN, TP lan luot
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twong tng 94,6; 92,6; 89,4; 64,6 va 79,2%. O cac nguong gia tri MLSS khac nhau, hiéu
qua loai bo chét 6 nhidm ciing kha twong dong.

Bang 2. Hiéu qua xit Iy trong méi lién hé véi nong dé MLSS

MLSS
Théng sb MLSS, MLSS, MLSS; Téong

Mean SD Mean SD Mean SD Mean SD
mg/1 15,1 5,1 18,4 5,3 14,3 6,1 16,6 5,4

BODs
H,% 95,0 1,7 94,1 1,7 95,4 1,8 94,6 1,7
mg/1 42,8 5,6 46,2 5,9 51,0 8,7 45,1 6,3

COD
H,% 92,8 1,2 92,4 1,2 92,3 1,2 92,6 1,2
TSS mg/1 28,1 8.4 32,6 8,6 24,0 5,6 30,0 8,7
H,% 89,7 3,9 89,2 33 89,5 4.7 89,4 3,6
™ mg/1 10,3 2,6 10,8 2.5 9,1 4,1 10,5 2,6
H,% 65,8 8,0 62,8 7,8 69,5 11,0 64,6 8,1
P mg/1 3,1 0,5 3,1 0,7 2,7 1,2 3,1 0,6
H,% 79,2 4.9 79,0 5,5 80,3 6,1 79,2 5,2

Hiéu suit xur ly BODs va COD cao va duoc thé hién boi hiéu suit thép nhat cling lan
luot dat 90,5 va 89,6%. Trong khi, mirc d6 loai bé chit 6 nhiém cao nhét dat 97,1 va
94,9% lan lugt dbi véi BODs va COD. Két qua loai cic chat rin lo limg TSS va dinh
dudng N, P thip nhét va cao nhit twong tng 80,8; 52.5; 64,6% va 94,2; 81,3; 85,1%. Qua
trinh loai Nito kha cao do nguyén nhén thoi gian luu bun SRT dai (25 ngay) nén vi khuan
nitrate hoa duoc giir lai trong bé phan tng MBR va qua d6 thuc day viée xtr 1y Nito [5].
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Hinh 2. Anh hudng ciia MLSS 1én nong dé cdc chdt 6 nhiém
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Hinh 2 cho thay ndng d6 bun MLSS khong c6 tac dong tiéu cuc nao dén hiéu qua xir
1y céc chat 6 nhiém trong bé phan mg. Thong thuong, ndong do bun cao trong bé phan ung
thuong anh hudng dén chét lugng nudc dau ra trong hé théng bun hoat tinh truyén thong.
Tuy nhién, d6i v6i bé MBR c¢6 uu diém c6 thé khac phuc va han ché tinh trang nay nho
mang loc vai kich thudc siéu nhd, c6 chiic nang loc cac hat chat ban trong hé théng.
Nghién ciru xem xét danh gia anh huong ciia nong d6 MLSS tac dong 1én hidu qua xir 1y
céc chét ran, chat hitu co va dinh dudng trong nudc thai véi cac ngudng gia tri khac nhau:
MLSSI<10 g/1; MLSS2=10-14 g/l va MLSS3>14 g/l. Nhitng 4anh hudng cuia ham lugng
MLSS duoc thé hién & Hinh 2. Phan 16n cac thong s ¢ gia tri ham lugng sau xir 1y thap,
6n dinh va thudc trong ngudng gidi han xa thai cho phép cua Quy chuan k¥ thuat qudc gia
vé nudc thai sinh hoat va cong nghiép. Boi 18, véi thoi gian luu bun dai, bé phan itng MBR
duy tri ndng do sinh khdi & murc cao va dan dén ting hiéu qua xtr Iy chét cac chat 6 nhiém
(Katayon et al., 2004) [3]. Ham lugng BODS5 va COD dau ra duy tri & mic khé thap, dicu
nay cho thay kha niang xtr 1y hiéu qua chét hiru co cia bé phan mg mang loc sinh hoc
MBR. Két qua phan tich ANOVA cho thay khong c6 su khac nhau giita cic nhom nong do
MLSS 1én qua trinh xir Iy (p>0,05). Diéu nay cé thé 1y giai khoang bién thién MLSS trong
bé phan tmg rong hon so v6i qua trinh bun hoat tinh truyén thong.

Bang 3. Hiéu qua xit Iy chdt 6 nhiém trong méi lién hé véi nong dé DO

DO
Théng sb DO, DO, DO, Téng
Mean SD Mean SD Mean SD Mean SD

mg/1 14,3 473 13,0 32 20,7 4.6 16,6 5,4
BOD;

H,% 95,3 1,4 95,7 1,1 93,4 1,6 94,6 1,7

mg/1 42,6 4.7 42,1 6.8 48,7 4,7 45,1 6,3
COD

H.,% 93,1 1,1 93,0 1,1 92,0 1,1 92,6 1,2

mg/1 23,5 2,4 25,1 4.5 37,0 8,0 30,0 8,7
TSS

H,% 93,0 0,7 89,9 33 87,4 32 89,4 3,6

mg/1 10,9 2,3 9,7 2,6 10,9 2,7 10,5 2,6
TN

H.,% 66,0 7,3 65,5 8,7 63,2 8,2 64,6 8,1

mg/1 3,0 0,3 3,0 0,5 3,2 0,8 3,1 0,6
TP

H.,% 79,9 2.8 80,4 4,2 77,9 6,5 79,2 5,2
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Trong quéa trinh van hanh bé phan tmg MBR, nong d6 oxy hoa tan c6 vai trd quan
trong cung cip dudng khi dé vi sinh vat oxy hoéa co chit. Nong do cac thong sd chat 6
nhiém dau ra va hiéu suat xtr Iy duoc trinh bay & Bang 3 va Hinh 3. Dé danh gia sy anh
hudng va khac biét lién quan dén chat luong sau xir 1y, nghién ctru tién hanh kiém dinh
thong ké bang phép phan tich ANOVA voi cac khoang gia tri DO;3: DO; <4,0 mg/l;
DO; =4,0-5,0 mg/l va DO3; >5,0 mg/1.
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Hinh 3. Anh huong ciia DO 1én nong dg cdc chat 6 nhiém

Trung binh hiéu qua xir Iy BODS lan luot co gia tri 95,3% (SD=1,4); 95,7% (SD=1,1)
va 93,4% (SD=1,6) ung vd&i cac khoang tri s6 DO1-3. Murc d6 loai bé ham luong COD
trung binh 6n dinh va duge dao dong tur 92,0% dén 93,1%. Gia tri COD sau xir ly trong cac
khoang gia tri DO tuong tng 42,6 (SD=4,7); 42,1 (SD=6,8) va 48,7 (SD=4,7) mg/l. Mtic
d6 xtr 1y khac nhau giira cac khoang gi4 tri DO duoc khang dinh boi qua trinh kiém dinh
ANOVA véi cac dai luong théng ké df=2; F=16,200; Sig.<0,001 (BODS5) va df=2;
F=6,682; Sig.=0,003 (COD). Vé sy khic nhau vé ham lugng TSS trong qué trinh van hanh
bé phan tmg MBR ciing dugc thé hién rd trong cac khoang DO (df=2; F=21,315;
Sig.<0,001). Tuy nhién, sy chénh 1éch ham lugng cac chét dinh dudng N va P khong ¢o su
khac biét mang ¥ nghia thong ké (p>0,05).

Ngoai ra, mdi lién hé twong quan giita cac thong s6 6 nhiém véi cac yéu td trong qua
trinh van hanh hé théng xtr ly nudc thai sinh hoat béng mang loc sinh hoc MBR dugc
kham pha.
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Bang 4. Hé s6 twong quan giita cdc thong sé chdt 6 nhiém véi cdc yéu t6 vin hanh

BOD; COD TSS TN TP
Hé sb Pearson 0,6(**) 0,4(*) 0,8(**) 0,4(*) | 0,5(+%)
HRT Sig.(2-tailed) 0,000 0,016 0,000 0,017 0,003
N 41 41 41 41 41
Heé s Pearson -0,1 0,04 0,2 -0,2 -0,2
MLSS Sig.(2-tailed) 0,627 0,802 0,356 0,345 0,320
N 41 41 41 41 41
Hé s6 Pearson 0,6(**) 0,4(**) 0,8(**) 0,2 0,2
DO Sig.(2-tailed) 0,000 0,008 0,000 0,184 0,125
N 41 41 41 41 41

Chu thich: ** 0=0,01; * 0=0,05.

Thoi gian luu thuy lyc HRT c6 mdi tac dong thuan véi chét luong cac thong s6 dau ra
nhu BODs, COD, TSS, TN va TP. Hé s6 twong quan thé hién mdi lién hé kha tot giita
thong s6 chat lugng nudc sau xtr 1y v6i thoi gian luu HRT va déu c6 ¥ nghia thong ké
(p<0,05). Trong d6, mbi lién hé giita gitra HRT voi TSS thé hién rd nhét voi hé sé tuong
quan chat, vdi r = 0,8 (p<0,01). Cac mbi tuong tac con lai 1an lugt thé hién voi hé sb tuong
quan kha chit, trong tng lan luot bang 0,4 (COD-HRT, TN-HRT); 0,5 (TP-HRT) va 0,6
(BODs-HRT). Khac voi nhitng anh huong cia HRT, anh huong cia MLSS 1én chat lugng
nude dau ra khong c6 ¥ nghia thong ké, p>0,05. Hé s twong giita chiing ciing kha thap va
dao dong tur -0,2 dén 0,2 (Bang 4). Co thé théy, mbi lién hé hay tac dong ctia ham lugng
MLSS 1én néng dd BODs, COD, TSS, TN, TP la khong duoc thé hién 1o rang voi cac
khoang gia tri MLSS duoc khao sat. Trong khi, mirc d6 twong quan cung chiéu ctia ham
lugng DO véi cac thong sb chét lugng nude dugce thé hién kha tot, cu thé nhu truong hop
cua BODs (r=0,6; p<0,01); COD (r=0,4; p<0,001 va TSS (r=0,8; p<0,01). Pdi voi hé sb
tuong quan Pearson gitta ham lwong DO véi nong do TN va TP kha nho (r=0,2; p>0,05)
cho thdy muc anh hudng twong quan giita chung khong thyuc su chit ché.

4. KET LUAN

Cong nghé mang loc sinh hoc ¢6 wu diém xir 1y dat hiéu qua cao cac hop chat hitu co
cling nhu cac chit dinh dudng. Phan 16n cac thong s6 c¢6 gia tri ham luong sau xu 1y thap,
6n dinh va thudc trong ngudng gidi han xa thai cho phép cua Quy chuan k¥ thuat qudc gia
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vé nude thai. Két qua nghién ctru cho thdy vai tro quan trong ciia nong d6 MLSS va DO
dbi véi viéc xur 1y cac chat 6 nhiém trong qua trinh mang sinh hoc MBR. Qua trinh van
hanh bé phan tmg MBR, ndng d6 oxy hoa tan c6 vai trd quan trong cung cap dudng khi dé
vi sinh vt oxy hoa co chat. Nhin chung, phuong phép nay cé thé khic phuc va han ché
tinh trang nay nho mang loc véi kich thudc si€u nho, co6 chirc ning loc cac hat chét ban
trong hé thong. Ngoai ra, hé sd tuong quan giita cac thong sd van hanh véi cac chi tiéu 6
nhiém nude duoc kham pha va cd ¥ nghia thong ké.
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TREATMENT EFFICIENCY OF DOMESTIC WASTEWATER BY
BIOLOGICAL MEMBRANE REACTOR MBR

Abstract: This paper presents results of the influence of operational parameters on
pollutants removal efficiency by Membrane Bioreactor (MBR). The experiment model is
operated during 120 days with the organic loading rates from 1.7 to 6.8 kgCOD/m’.day.
An effluent BODs and COD levels are remained lowly, showing the effective treatment
possibility of organic matters by MBR. The correlated relationship between the effluent
polluted parameters and affecting factors on operational process are quite strong
(p<0.05). The advantages of MBR can be applied for effective removal organic
compounds as well as nutrients in domestic wastewater.

Keywords: Removal, wastewater, biological, MBR.
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MICHEL PARAMETER IN 3-3-1 MODEL
WITH THREE LEPTON SINGLETS

Hoang Ngoc Longl
Institute of Physics, Vietnam Academy of Science and Technology

Abstract: We show that the mass matrix of electrically neutral gauge bosons in the
recently proposed model based on SU(3)c ® SU(3); ® U(l)x group with three lepton
singlets [1] has two exact eigenvalues: a zero corresponding the photon mass and the
second one equaling the mass of the imaginary component As,. Hence the neutral non-
Hermitian gauge boson X,” (defined as \/EX; = A;w —iA

extra vacuum expectation value of the Higgs field n, there are mixings among the
Standard Model W boson and the extra charged gauge boson Y carrying lepton number 2
(bilepton) as well as among neutral gauge bosons Z, Z' and X°. These mixings lead to
very rich phenomenology of the model. The leading order of the Michel parameter (p) has
quite special form requiring an equality of the vacuum expectation values in the second
step of spontaneous symmetry breaking, namely, k; = k.

Keywords: 12.10.Dm, 12.60.Cn, 12.60.Fr, 12.15.Mm

) is properly determined. With

Su

1. INTRODUCTION

At present, it is well known that neutrinos are massive that contradicts the Standard
Model (SM). The experimental data [2] show that masses of neutrinos are tiny small and
neutrinos mix with special pattern in approximately tribimaximal form [3]. The neutrino
masses, dark matter and the baryon asymmetry of Universe (BAU) are the facts requiring
extension of the SM.

Among the extensions beyond the SM, the models based on SU(3)c ® SU(3), ®
U(1)x (3-3-1) gauge group [4, 5] have some interesting features including the ability to
explain why there exist three families of quarks and leptons [4, 5] and the electric charge
quantization [6]. In this scheme the gauge couplings can be unified at the scale of order
TeV without supersymmetry [7].

 Nhan bai ngay 11.02.2017; chinh sira, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Hoang Ngoc Long; Email: hnlong@iop.vast.ac.vn
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Concerning the content in lepton triplet, there exist two main versions of 3-3-1
models: the minimal version [4] without extra lepton and the model with right-handed
neutrinos [5] without exotic charged particles. Due to the fact that particles with different
lepton numbers lie in the same triplet, the lepton number is violated and it is better to deal
with a new conserved charge £ commuting with the gauge symmetry [8]

4
V3
In the framework of the 3-3-1 models, almost issues concerning neutrino physics are

L=—-Tg+L. (1.1)

solvable. In the minimal 3-3-1 model where perturbative regime is trustable until 4-5 TeV,
to realize idea of seesaw, the effective dimension-5 operator is used [9]. In regard to the 3-
3-1 model with right-handed neutrinos, effective-5 operators are sufficient to generate light
neutrino masses. The effective dimension-5 operator may be realized through a kind of
type-II seesaw mechanism implemented by a sextet of scalars belonging to the GUT scale
[10]. There are some ways to explain smallness of neutrino masses: the radiative
mechanism, the seesaw one or their combination - radiative seesaw. The seesaw
mechanism is the most easy and elegant way of generating small neutrino masses by using
the Majorana neutrinos with mass belonging to GUT scale. With such high scale, the
Majorana neutrinos are unavailable for laboratory searches. The existence of sextet is
unfavorableness because of lack predictability associated with it. There are attempts to
improve the situation.

In the recently proposed model [1], the authors have introduced three lepton/neutrino
singlets and used radiative mechanism to get a model, where the seesaw mechanism is
realized at quite low scale of few TeVs. We remind that in the 3-3-1 model with right-
handed neutrinos, there are two scalar triplets 7,y 1containing two electrically neutral

: . 0,0 0,0 : :

components lying at top and bottom of triplets: 771> X1 and 713> X3. In the previous version
0 0 : . .

[5], only 7 and X3 have vacuum expectation values (VEVs). However, in the new version,

the 3 carrying lepton number 2 has larger VEV of new physics scale. This leads to the
mixings in both charged and neutral gauge boson sectors. In the neutral gauge boson
sector, the mass mixing matrix is 4 x 4. In general, the diagonalizing process for 4 x 4
matrix is approximate only. However, in this paper, we show that the matrix has two exact
eigenvalues and eigenstates. As a result, the diagonalization is exact!

This paper is organized as follows. In Sect.2, we briefly give particle content of the
model. Sect.3 is devoted for gauge boson sector. Mass mixing matrices for charged and
neutral gauge bosons are presented. The exact solutions of 4 x 4 with some special feature

1 In this work, the Higgs triplets are labeled as p, x, 1 instead of @1, @2, @3 as in Ref. [1].
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are presented. In Sect.4 we present the p parameter of the model and the equality of two
VEVs at the second step of spontaneous symmetry breaking. We give the conclusions in
the last section - Sect.5.

2. THE MODEL

As usual [5], the left-handed leptons are assigned to the triplet representation of
SUQ)L

- 1
f = et~ N~ (1,3,-3,3) £ ~(1,1,-1,1), @.1)

where £ = 1,2,3 = e, u, . The numbers in bracket are assignment in SU(3)¢, SU3)., U(1)x
and L.

The third quark generation is in triplet

Q= b~ (333,-2). T~ (3,12,-2) tz~ (3,1,2,0),be~ (3,1,-3,0).

Two first quark generations are in antitriplet
i * 2 . 1
Qi = (dy, —u, DT~ (3,3%,0,-2),i = 1,2, D~ (3,1,3,2),
2 1
e~ (3,1,2,0),di~(3,1,-3,0)

In addition to the new two-component neutral fermions present in the lepton triplet

NS = (N9 = (vp)° where ¥ © = —Ctp" , ones introduce new sequential lepton-number-
carrying gauge singlets S = {S1,5,,53} with the following number [1]
i~ (1,1,0,—1).

With the above £ assignment the electric charge operator is given in terms of the U(1)x
generator X and the diagonal generators of the SU(3); as

1
Q=Ts=—%T3 +X (22)

Note that in the electric charge operator given in Ref.[1], here, the sign in front of Ty is
opposite, because the leptons lie in antitriplet. If so the electrically neutral gauge bosons in
the gauge matrix below [see Eq.(3.3)] are A4, Asinstead of Ag, A7.

In order to spontaneously break the weak gauge symmetry, ones introduce three scalar
triplets with VEVs

x=G 0 x~ (13- 3.5); (0 = (0,0,m), (23)

n= (770: T}_l TIIO)T~ (1l 3l_ él_g); (77) = (kZI 0: nZ)T (24)
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p= ("%~ (1,3.2,-2): (p) = (0,11, 0,)" (2:5)

With this VEVs structure, as we see below, the simplest consistent neutrino mass,
avoiding the linear seesaw contribution is realized [11]. Remind that n; is a VEV of the
lepton number carrying scalar, while all of other VEVs do not.

The spontaneous symmetry breaking follows the pattern
SUQR) ® U(l)xy —12— SUQ). ® U(l)y —22— U(1)o.
The Yukawa Lagrangian of quark sector is as follows [1, 5]
Lavarks = Y03 Try + YEQLTI X" + v Q108 p + y¥, Q3080 + yS, Q3 df, +yln + H.c.
(2.6)

The VEV n, provides masses for exotic quarks, while 7, causes mixing among exotic
quarks 7, D;and ordinary ones.

For the lepton sector, we have [1]

R — C —_— .
Lieptons = Viif ke p + v (f]), (0 +¥iif/STx + Hoe.  (2.7)

where i,j = 1,2,3 is the flavor index and a,b,c = 1,2,3 is the SU(3) index. Note that only yA
is antisymmetric and # does not couple to leptons. The charged leptons get masses the
same as in the 3-3-1 model with right-handed neutrino [5]. The neutrino mass matrix at the
tree level, in the basis (v, N°, S) is given by [1]

0 mp O
M, = ( 0 M) (2.8)
0

where mp = ki y*, and M = n, ). At this level, one state v, is massless. The one-loop
radiative corrections, with gauge bosons in the loop, yield a calculable Majorana mass term
[1]. Note that the radiative seesaw is implied for the minimal version in Ref.[12], where the
scalar bilepton is in the loop. The obtained neutrino mass matrix and the charged lepton
masses have a strong correlation leading to leptogenesis of the model. However, in this
work, we focus our attention only in the gauge boson sector.

3. GAUGE BOSON SECTOR

The kinetic term for the scalar fields is
£Kin = Yyoyn ,(D*H)T(D,H) 3.1)
The covariant derivative is

D,=0,—ig Ay T~ ig'XB,To, 3.2)
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where X is the U(1)y charge of the field, 4., and B, are the gauge bosons of SU(3); and
U(1)y, respectively. The above equation applies for triplet is as follows: T, — 1,2, Ty —

Ao/2, where A; are the Gell-Mann matrices, and Ag = \E diag (1,1,1). The matrix 4, =

YaAildg is
AL+ AL V2whT Al -4l
av=| N2Al;  —AbzAp V2w (3.3)
A +idl 2WhET - ZAp
The charged states are defined as
WhT = = (A £idy), Wh' = = = (4 £i4)) (3.4)

The mass Lagrangian of gauge fields is given by

Emas = Sy, D HNT(D,(H)) (3.5)
In the charged gauge boson sector, the mass Lagrangian in (3.5) gives one decoupled

Af with mass
2
mi; = (nf + 1 + kD) (3:6)

and two others with the mass matrix given in the basis of (W ", Ws7") as

2 (k% + k3 n,k
M =L (" 2 3.7
charget 2 ( nzkz TL% +Tl% + k% ( )
The matrix in Eq. (3.7) has two eigenvalues
Jap— k2 =2 (nd +n3 +kZ + V), (3.8)

Where

A= (n2 +n2 + k2)? + 4n2k2 = (n? + n2)? { 22 —n2) + kg]} (3.9)

k3
(nf+n3)
In the limit ny ~ n> > ki ~ k>, one has
2n?k3 kin?

ni4nd  (nfn3)’

A=n?+n3 + k% —

= (n? +nd)?[1- n2’+‘1 ] +0(k®) (3.10)

We will identify the light eigenvalue with square mass of the SM W boson, while the
heavy one with that of the new charged gauge boson Y carrying lepton number 2
(bilepton):

N

(n}+n2)

n1k2 n%"% ]+ 6
[k1 - daow) 3.11)



62 | TRUGING BAI HOC THU DA HA NOI

2 2
mi =TIy =2 (nf+nd+ ki +k3+ L, (nnlkz ] Ok  (3.12)
1

(n14n2)
In the limit n; ~ n, > k| ~ ky, our result is consistent with that in [1].
Two physical bosons are determined as [13]
W = cosOW 1, — sindWe7; Yy = sinW,5, + cosOWq, (3.13)

where the W — Y mixing angle 6 charaterlzlng lepton number violation is given by

2n?k3

tanf = e~ (3.14)

n2+n3—k2
We emphasize that due to W — Y mixing, both the W boson of the SM and the bilepton
Y contribute to the neutrinoless double beta decay [14].

Now we turn to the electrically neutral gauge boson sector. Four neutral fields,
namely, A5, A§, B¥, A mix

1
/k% + k3 — (k3 + kD) —t ’_(kz + 2k{) nak; \

g° V3
2 _
M —7 1 2 1
§{4(n1 +n) + (k? + k2)} M, —ﬁnzkz
M3, n? +n3 + k2

(3.15)
where we have denoted
2
M;3 = t[2(n1 +n5) + (2kf — k)], M3z = 22%[(”1 +n3) + (4k7 + k3)]

and ¢ is given by (see the last paper in Ref. [5])

g’ 3V2sinf,(my)

? T J3—4sin? Ow(my)

For the matrix in (3.15), using the programming Mathematica9, we get two exact

r = (3.16)

eigenvalues, namely, one massless state
1
A# = W(\/gtA3“ - tAgﬂ + 3\/§Bﬂ)

which is identified to the photon; and the second eigenvalue defined with

2

2
my = g?(nf +n3 + k2), (3.17)

associated with the eigenstate

nak;

V3n,k
22 Agy + Auy (3.18)

Ay, = A, +
4u 3T n2inZ k2

2,12 _1,2
ni+ns—k5
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In a normalized form, the state A}, re witten as

_ tyg _V3tag 1
BT L v S et
1+4t2, 1+4t2, 1+4t5,

where )y = tan26. It is emphasized that, here the angle 6 has the same value as in the

(3.19)

charged gauge boson sector given in (3.14).

Comparing (3.6) with (3.17) we see that two components of W,s have, as expected, the
same mass. Hence we can identify

Xi=% ~ (A4, — i4s,,) (3.20)

as physical electrically neutral non-Hermitian gauge boson. It is easy to see that this gauge
boson y carries lepton number 2, hence it is called bilepton gauge boson.

The programming Mathematica9 also gives us two masses of heavy physical bosons:

2

mj, =L — —[(n2 + n2)(18 + t2) + k2(18 + 4t2) + kZ(18 + t2) —VA] (3.21)

mj =— L [(n2 +n2)(18 + t2) + k2(18 + 4t2) + K2(18 + t2) + VA (3.22)
Where

A'=[(nf +n3 + k3)(18 + t2) + 2k{ (9 + 2t%)]* — 108(9 + 2t?*)[nfks + (nf + nj +

k3)ki]

=(n1+n2)(18+t2)2{ 2k2 + 4(9+2t2)k? }

1+n2) (n2+n3)(18+t2)

4 _o\p212
108 —(or2t8) (9+2t2) [k1 n{k%z)] : ; [k4+4(9+2t2)k1 +4(9+2t2)(t2 9)k1k2]
n

(n2+n2)(18+t2)2 (n2+nZ (18+t2)2 (18+t2)2
(3.23)
Then

VA= (n? + n2)(18 + t2) + k2(18 + t2) + 2(9 + 2t2)k? — —54 E:i:zg <k2

niki ) 4 (8+) {54 (o+2r%) <k2 niks ) [k§(18 +t2)% + 2k2(18 + t2)(9 + 2t2) —

(n2+4n3) (n2+4n3) (18+t2)4 (n2+n3)
k k2K
54(9 + 2¢2) (k1 + (n’?ﬂj%))] 56 %} + O(k®) (3.24)

Substituting (3.24) into (3.21) yields the mass of the physical Z; boson:
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2 27,2
54 (42 )(kf e ) +3t2(k3 — kZ,) —

(18+t2) n2)
_ (18+t?) (9+2t2) 2 nZkZ
m3 :g_2< CGTED) 54(18‘”2)4 kit (ni+n3) >+
1 54

_5 (9+2¢2)k2k3
(18+t2)

k3(18 +t%)? + 2k?(18 + t2)(9 + 2t?)
[ =549 + 2¢7) (I + L) ]

(ni+n3) J
0(k®)
(3.25)

It is emphasized that, at the leading order, there are two terms (in first line of
Eq.(3.25)): one is the main mass term of the Z boson and the second one is the unusual
difference of square VEVs: (k? — k3). This term leads to an interesting equality below.

Similarly, for the physical heavy extra neutral gauge boson Z,, one obtains
(n? + n + k2 +k2)(18 + ¢t2) + %tz(k12+k§) - )
o (942¢2 )( 2 n2k? )
27 Goreny ML ¥ Gzeng)) T
(18+t2)
(n%+n2) )
m2 = _{ (9+2t?) ( n?k? )
%2 27 (18+t2)4 k1 (n24n2) *

k3(18 +t%)? + 2k?(18 + t2)(9 + 2t?) —

C [ —54(9 + 2¢%) (kf + %) ] _)
J

"

ES

(9+2t2)kZk3
—28 (18+t2)

\

+O(k6) = Lm0 (3.26)

Due to the quark family discrimination in the model, Z'/Z, couples nonuniversally to
the ordinary quarks, it gives rise to tree-level flavour-changing neutral current
(FCNC) [15]. This would induce gauge-mediated FCNCs, e.g., b — sy u” [16], providing a
test of the model. We finish this section by remark that the gauge boson mixing here is
completely similar to that of the economical 3-3-1 model (ECN331) [13]. However, the
key difference is that, here the lepton number carrying VEV n, is very large
(ny ~ ny > ki ~ k), while in the ECN331 model, the lepton number carrying VEV u is
very small (# <« v) with v = 245 GeV. Within our result, in the figure 1 of Ref/[1], the
unphysical gauge field W, is replaced by physical field X °, while W > W ® B are replaced
by physical neutral gauge bosons Z;,Z,. However, the result is the same.
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The diagonalization process of the mass matrix of neutral gauge bosons, the currents
and the model phenomenology will be analyzed in details elsewhere.

4. MICHEL PARAMETER P

As seen from above, the unusual term in the Z; boson mass will affect the well-
determined parameter p. Thus, for our purpose we consider the p parameter - one of the
most important quantities of the SM, having a leading contribution in terms of the T
parameter

=1+aT. 4.1
p

In the usual 3-3-1 model, T gets contribution from the Z — Z’ mixing and the oblique

correction [17]

T =TZZ+ Toblique,

2
mZZ
2

le

masses of the top quark and the SM Higgs boson.

_ tan®a

Where T, ) is negligible for mzrless than 1 TeV, T,pique depends on

At the tree level, from (3.11) and (3.25) we get an expression for the p parameter in
the model under consideration

m2, 18 + t2
p= 2...2 = 2,2 *
czmg, 2(9+ 2t2)c3
2 2_1,2 21,4
( 1+ (16+6%) (ks :3,){2 - T 2 K2 +
18(9+2t2)<kf+(n%1+;%)> (n%+n%)<k%+(n{+rf%)>
kZ(18 + t*)* + 2kZ(18 + t2)(9 + 2t?) — )
¥ 24,2 -\ + 0k®) @42
) —54(9 + 2t?) (kf + (n’; @) *2
(nf+n3)(18+t2)? 56Kk2K2
- 2, Niks
L 54<k1+(n%+n§)>

where we have denoted s,, = sind,, c¢,, = cosb,, t, = tanb,,, and so forth. Two terms in the
first line of Eq. (4.2) do not depend on perturbative small value (k/n), where k = ki, kp, n =
ny, ny; and they are the leading order of the p parameter.

Experimental data [2] show that the p parameter is very close with the unit

p=1.01031+0.00011. (4.3)
(18+t2) t2(18+t2)(k2—k3)
(9+2t2)c} 1 (4.4)

18(9+2t2)<k§+

nik} )
(nf+n3)
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H ence, at the leading order, the following requirement should be fulfilled
Substituting (3.16) into (4.4) yields

2c3sy  (ki-k3)

5—42) (2, 25\~ 0 (4.5)
t (nf+nd)
Thus, we obtain the relation
kl = k2 . (46)

Note that, in the first time, the equality in (4.6) exists in the model under
consideration. This will helpful in our future study. To get constraint from p parameter, we
should include oblique corrections; and for more details, the reader is referred to [18].

5. CONCLUSION

In this paper, we have showed that the mass matrix of electrically neutral gauge
bosons in the recently proposed 3-3-1 model with three lepton/neutrino singlets [1] has two
exact eigenvalues and corresponding eigenvectors. With two determined eigenvalues, the 4
x 4 mass matrix is diagonalized exactly. Two components of neutral bilepton boson XS
have the same mass, hence the neutral non-Hermitian gauge boson X#O is properly
determined. With extra vacuum expectation values of the Higgs fields, there are mixings
among charged gauge bosons W + and Y + as well as among neutral gauge bosons Z,Z' and
X°. Due to these mixings, the lepton number violating interactions exist in leptonic currents
not only in bileptons Y and X’ but also in both SM W and Z bosons. The mixing of gauge
bosons in the model under consideration leads to some anomalous couplings of both /" and
Z bosons, which are subject of our next works.

The scale of new physics was estimated to be in range of few TeVs. With this limit,
masses of the exotic quarks are also not high, in the range of few TeVs. The leading order
of the Michel parameter requires the equality: k| = k,, which is obtained in the first time.
The derived relation will ease our future study. The above mentioned mixings lead to new
anomalous currents and very rich phenomenology. The model is interesting and deserves
further intensive studies.

Acknowledgment: This research is funded by Vietnam National Foundation for
Science and Technology Development (NAFOSTED) under grant number 103.01-2017.22.

REFERENCES

1. S. Boucenna, S. Morisi, and J. W. F. Valle, Phys. Rev. D 90, 013005 (2014).
2. K. A. Olive et al. ( Particle Data Group). Chin. Phys. C, 2014, 38(9): 09001



TAP CHi KHOA HOC - S0 14/2017 | 67

10.
11.

12.

13.

14.

15.

16.

17.

18.

P. F. Harrison, D. H. Perkins and W. G. Scott, Phys. Lett. B 530, 167(2002).

F. Pisano and V. Pleitez, Phys. Rev. D 46, 410 (1992); P. H. Frampton, Phys. Rev. Lett. 69,
2889 (1992); R. Foot et al, Phys. Rev. D 47, 4158 (1993).

M. Singer, J. W. F. Valle and J. Schechter, Phys. Rev. D 22, 738 (1980); R. Foot, H.

N. Long and Tuan A. Tran, Phys. Rev. D 50, 34 (R)(1994) [arXiv:hep-ph/9402243]; J. C.
Montero, F. Pisano and V. Pleitez, Phys. Rev. D 47, 2918 (1993); H. N. Long, Phys.
Rev. D 54, 4691 (1996); H. N. Long, Phys. Rev. D 53, 437 (1996).

C. A. de S. Pires, O. P. Ravinez, Phys. Rev. D 58, 035008 (1998); A. Doff, F. Pisano, Mod.
Phys. Lett. A 14, 1133 (1999); Phys. Rev. D 63, 097903 (2001); P.V. Dong, H. N. Long, Int. J.
Mod. Phys. A 21, 6677 (2006), [arXiv:hep-ph/0507155].

S. M. Boucenna, R. M. Fonseca, F. Gonlzalez-Canales, and J. W. F. Valle, Phys. Rev. D 92,
031702 (R) (2015), Rapid Communications, arXiv:1411.0566[hep-ph].

D. Chang and H. N. Long, Phys. Rev. D 73, 053006 (2006), [arXiv: hep-ph/0603098]. See
also, M. B. Tully and G. C. Joshi, Phys. Rev. D 64, 011301 (2001).

C. A. de Pires, Physics International 2015, 6 (1): 33, [arXiv:1412.1002(hep-ph)] (2014).
P. V. Dong and H. N. Long, Phys. Rev. D 77, (2008) 057302. [arXiv:0801.4196(hep-ph)].

M. Malinsky, J. C. Ramao, and J. W. F. Valle, Phys. Rev. Lett. 95, 161801 (1996); E.
Akhmedov, M. Lindner, E. Schnapka, and J. W. F. Valle, Phys. Lett. B 368, 270 (1996); Phys.
Rev. D 53, 2752 (1996).

H. Okada, N. Okada and Y.Orikasa, Phys. Rev. D 93 (2016) 073006, [arXiv:1504.01204
(hep-ph)].

P. V. Dong, H. N. Long, D. T. Nhung and D. V. Soa, Phys. Rev. D 73, 035004 (2006), [arXiv:
hep-ph/0601046]; P. V. Dong and H. N. Long, Advances in High Energy Physics, 2008,
739492 (2008), [arXiv:0804.3239(hep-ph)]; P. V. Dong, H. T. Hung and H. N. Long, Phys.
Rev. D 86, 033002 (2012), [arXiv:1205.5648 (hep-ph)].

D. V. Soa, P. V. Dong, Tr. T. Huong, H. N. Long, J. Exp. Theor. Phys. 108 (2009) 757,
[arXiv:0805.4456]

D. G. Dumm, F. Pisano and V. Pleitez, Mod. Phys. Lett. A 9, 1609 (1994); H. N. Long and V.
T. Van, J. Phys. G 25, 2319 (1999), [arXiv:hep-ph/9909302]; A. C. B. Machado, J. C.
Montero and V. Pleitez, Phys. Rev. D 88, 113002 (2014); D. Cogollo, A. V. de Andrade, F. S.
Quiroz and P. R. Teles, Eur. Phys. J. C 72,2029 (2012)

A. J. Buras, F. De Fazio and J. Girbach, JHEP 02 (2014) 112; A. J. Buras, F. De Fazio, J.
Girrbach-Noe, JHEP 1408 (2014) 039.

H. N. Long and T. Inami, Phys. Rev. D 61, 075002 (2000), [arXiv: hep-ph/9902475]. See also,
K. Sasaki, Phys. Lett. B 308, 297 (1993); P. H. Frampton and M. Harada, Phys. Rev. D 58,
095013 (1998).

P. V. Dong and D. T. Si, Phys. Rev. D 90, 117703 (2014).



68 | TRUGING BAI HOC THU DA HA NOI

THAM SO MICHEL TRONG MO HINH 3-3-1
VOI 3 HAT SINGLET LEPTON

Tém tdt: Bai viét gidi thiéu vé ma trgn khoi lwgng cia cdc hat gauge bosons trung hoa
trong cdc mé hinh gan day dwoe dé xudt dwa trén nhom SUB3)C @ SUB)L ® U(1)X véi
3 don tuyén lepton ¢é hai gid tri riéng chinh xdc nhw sau: mét la gid tri 0 twong img véi
khéi lwong photon, hai la khéi liwong khdc 0 g véi cdc thanh phan do ASu. Tir d6, can
xac dinh hat gauge boson trung hoa phi Hermitian Xu0. Voi gia tri trung binh chdn
khéng ciia trieong Higgs n2, ¢é sw pha trén gitka cdc gauge boson W trong mé hinh chudn
véi gauge boson ngoai phu Y mang sé Lepton bang 2 (bilepton) nhw la giita gauge boson
trung hoa véi X0. Sy pha trén ndy dan téi mau cé hién twong ludn phong phii. Bic chinh
cia tham sé Michel (p) cé déic diém khd déic biét doi hoi tinh cdn bang cia cdc gid tri
trung binh chdn khéng & bude thir hai cia sw phd vé doi xirng tir phdt, cu thé la kI = k2.

Tir khoa: 12.10.Dm, 12.60.Cn, 12.60.Fr, 12.15.Mm
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XU LY ION KIM LOAI NANG Pb?* BANG BOT HYDROXYAPATITE
PHA TAP ION Mg?* (HAp)

Pham Thi Minhl, Vii Thuy Hwong, Hoang Khanh Linh,
Tran My Linh, Hoang Phwong Mai
Truong Dai hoc Thu do Ha Noi

Tém tdt: Bot hydroxyapatite pha tap ion Mg’ (Mg-HAp) dwoc tong hop bang phu'ang
phdp két tia héa hoc tir cdc mudi nitrat: Ca(NO;)s. 4H20 Mg(NO3)> va mudi amoni
(NH,),HPO,, hiéu suat tong hop dat 89,3%. Sau khi tong hop, bot Mg-HAp duoc ung
dung xir Iy ion kim loai ngng Pb*" trong dung dich nude. Két qua nghién ciru anh hwéng
ciia cdc yéu té: Thoi gian tiép xic, khoi lwong bot Mg-HAp, d¢ pH va nong dé ion Pb**
trong dung dich xit 1y} cho thdy, bét Mg-HAp ¢6 kha ndng loai bo hoan toan ion Pb**. Tai
pH tir 2-5, chi vé6i khoi lwong 0,05g, trong thoi gian 15 phiit tiép xiic, bot Mg-HAp dd logi
b6 hoan toan (hiéu sudt dat t6i 100%) ion Pb** trong dung dich véi ham lwong ion Pb**
lén téi 3,31g/l (gdp hang chuc lan so véi ham lwong ion Pb** ¢é trong nude thdi 6
nhiém). Két qua nghién ciru mé ra trién vong img dung bot Mg-HAp lam vit liéu xir 1y
ion kim logi nang trong cdc ngu&n nwée é nhiém, dat hiéu qua kinh té cao va than thién
vOi moi truong.

Tir khéa: kim loai nang, bét hydroxyapatite pha tap ion Mg®™, xir Iy, hiéu qud kinh té

1. MO PAU

Trong nhiing thap nién gan day, trudc su phat trién ngay cang 16n manh cua dat nudc
vé kinh té va x3 hoi, dic biét 1a su phat trién manh mé cla céc nganh cong nghiép da anh
hudng rat 16n dén moi truong sdng cua con ngudi. Bén canh sy 16n manh cia nén kinh té
dat nude 1a hién trang cac co sé ha ting xudng cap trim trong va sy 6 nhidm méi truong
dang ¢ mirc bao dong. Hau hét cac nguén nudc ngém phuc vu cho sinh hoat, tudi tiéu déu
bi 6 nhiém bai kim loai nang nhu As, Pb, Cd... Tac dong cua viéc 6 nhiém kim loai nang
tGi moi truong 1a rat 1on, gay ton hai d6i voi sie khoe con nguoi. Trude thuc té nhu vay,
da c6 nhiéu nha khoa hoc d va dang nd luc nghién ciru dé tim ra nhitng phuong phap hiéu
qua nhat nham giam thiéu liéu luong va doc tinh cia cac dong thai cong nghiép.

/'Nhan bai ngay 4.02.2017; chinh sira, giri phan bién va duyét dang ngay 20.3.2017
Lién h¢ tac gia: Pham Thi Minh; Email: ptminh@daihocthudo.edu.vn
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Hién nay, trén thé gidi ciing nhu ¢ Viét Nam da va dang ap dung nhiéu phuong phap
xu ly ion kim loai néng béng cac vat liéu hép phu khac nhau nhu: than hoat tinh, zeolit, dét
sét, cac loai vt liéu polyme va quang apatit. Trong do6, quing apatit 1a mot trong nhitng vat
lidu hap phu méi ddy hira hen vé6i ddc tinh hoa hoc ddc biét va kha nang xir Iy nude c6
chua flo va kim loai nang bﬁng hép phuy, trao ddi ion, két taa hodc tao phuc voi hiéu suét
cao, chi phi thip va sin c6.

Mot vai nghién cuu chi ra rﬁng bot HAp pha tap thém ion M?* da cai thién duoc dién
tich bé mit riéng, ting kha ning xuc tac, ting kha nang hap phu [1-5]. Mic du vay, chwa c¢6
nghién ciru ndo tmg dung bot HAp pha tap cac ion kim loai Mg trong xi 1y cac kim loai
ning trong nudc. Vi vdy, van dé nghién ctu xtr 1y ion kim loai ning st dung bot
hydroxyapatit pha tap Mg (Mg-HAp) 1a huéng nghién ciru mai, can thiét hién nay, nham
tim ra ché do t6i wu, xur 1y hiéu qua cac ion kim loai ning trong nudc, giam thiéu 6 nhiém

moi truong.

2. CAC PHUONG PHAP THUC NGHIEM

2.1. Héa chat

— Mg(NO3)2, Ca(NO3)2.4H20, (NH4)2HPO4, NH3 déC 25—28%, HCI 37%, NaOH 5% la
céc hoa chat tinh khiét ciia Trung Qudc.

— Pb(NO3), 1a hoa chit tinh khiét cia Merk.

— Nuéc cét 2 1an dugc cét tai phong thi nghiém Cong nghé méi truong, Truong Dai
hoc Thu d6 Ha Noi.
2.2. Phwong phap tong hop

Trong dé tai ndy, bot Mg-HAp dugc tong hop bang phuong phap két tia hoa hoc, di tir
cac mudi nitrat Ca(NO3),.4H,0, Mg(NOs), va mudi amoni (NH4),HPO,. Cac budc thuc
hién nhu sau:

— Pha dung dich mubi chtra cac ion Ca® va Mg2+ v6i tong nong do Ca®" va Mg2+ la
0,5M, vai ti 16 [Mg®)/[Ca®"] = 2/8 hay ti 16 [Mg*"]/[Mg®" + Ca*"] = 2/10.

— Nh¢ tr tr 112,5 ml dung dich (NH4),HPO, 0,3M, toc d6 1 ml/phit vao dung dich
trén (tuong ung véi thoi gian tong hop 2 gid) dudi tac dung cua khuay tir (800 vong/phiit)
gia nhiét 35°C. pH ciia dung dich dwoc diéu chinh trong khoang 10-12 trong sudt qua trinh
tong hop str dung dung dich NH4OH dic 28%.
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— Sau khi nho dung dich (NH,),HPO, xong, gia héa mau 2 gio dudi tac dung cia
khuay tur (800 vong/phut), lvu mau 24 gio ¢ nhiét d6 phong.
— Loc rira két tia thu dugc bang nude cat nhiéu lan. Sau d6 sy & 80°C trong 48 gio,
nghién mau trong c6i ma ndo véi lugng 2,3g trong thoi gian 60 phut thu dugc bot Mg-HAp.
Phuong trinh phan rng:
(10-x)Ca(NO3), + xMg(NOs), + 6(NH4),HPO4 + 8NH4,OH —
Cajo. xMgx(PO4)s(OH),+ 20NH4NO; + 6 H,O 2.1

2.3. Phuwong phap phan tich

2.3.1. Phuwong phip phé hong ngoai (IR)

Ph6 hong ngoai FT-IR ding dé xac dinh cac nhom chirc dic trung trong phéan tir bot
Mg-HAp véi ti 16 [Mg®)/[Ca®] = 2/8 hay ti 16 [Mg*"/[Mg>" + Ca®*] = 2/10, do trén thiét
bi FT - IR 6700 cta hang Nicolet tai Vién K¥ thuat nhiét doi.

2.3.2. Phuong phip nhiéu xa tia X (XRD)

Gian dd nhiu xa tia X dung dé xac dinh ciu trac pha cua bot Mg-HAp dugce thuc hién
trén may SIEMENS D5005 Bruker - Germany cua Vién Khoa hoc vét li€u- Vién Han 1am
Khoa hoc va Cong nghé Viét Nam. Cac diéu kién do nhu sau: birc xa Cu - Ko v6i bude
song A = 0,15406 nm, cudng do dong dién bang 30 mA, dién ap 40 kV, goc quét 20 = 10° -
70°, the do quét 0,03/ gidy.

2.3.3. Phurong phap kinh hién vi di¢n tir quét (SEM)

Phuong phap SEM duoc str dung dé xac dinh hinh thai hoc bé mat cia bot Mg-HAp
do trén thiét bi kinh hién vi dién tir quét phat xa truong, S4800 cua hang Hitachi (Nhat
Ban), tai Vién Vé sinh dich té trung wong.

2.4. Phwong phap xac dinh hi¢u suit tong hop bot Mg-HAp

— Can mau sau tong hop trén can phan tich Precica XR 205SM-DR, Thuy Sy dé xac
dinh khoi lugng bot Mg-HAp thuc nghiém (mry).

— Tir phwong trinh (2.1), tinh khi lugng bot Mg-HAp thu duoc theo 1y thuyét (my 7).

— Hiéu suat tong hop bot Mg-HAp duoc tinh theo phuong trinh:

mTN

H(%) =

.100% (2.2)

mLT
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2.5. Phwong phap xéc dinh ham lweng ion kim loai ning Pb**
2.5.1. Diéu kién xiv Iy ion kim loai ning Pb"

— Chuén bi 50 ml dung dich Pb(NO;), ndng dé 5.10”°M. Chuin pH cua dung dich xir
Iy bang may do pH ciia Dirc, dit tai phong thi nghiém Khoa CNMT, Trudng DH Thu d6 HN.

— Xu ly ion Pb*": Bét Mg-HAp phan tén vio dung dich chira ion Pb*" ¢ cdc diéu kién
khao sat khac nhau, bao go"m: thoi gian tié'p xuc: 5, 10, 15, 30, 40 phut; pH twr 2-5 dwoc
diéu chinh bang dung dich axit HCI 37%, khoi luong bét: 0,01; 0,02; 0,05; 0,075; 0,1 g;
nong dg ion Pb*" trong dung dich xir Iy: 10°M; 2,5.10°M; 5.10°M; 7,5.10°M; 10.10°M.
Téc dé khudy dung dich trong qud trinh xir Iy 600 vong/phit, ¢ nhiét dé phong.

2.5.2. Phwong phap quang phd hip thu nguyén tir (AAS)

Nong dj ion Pb** con lai trong dung dich sau xir Iy duge xac dinh trén may hip thy
nguyén tir AAS Thermo Fisher M6 (Britain) tai phong thi nghiém trong diém, Vién Ky
thudt Nhiét d6i — Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

2.5.3. Phwong phap xdc dinh hi¢u suit vi dung lrong hiap phu

Duya vao dudng chuan sy phu thudc ciia d6 hip thu quang vao ndng do ion, xac dinh
duoc ndng do ion Pb>" trong dung dich sau khi dugc xir 1y bang bot Mg-HAp, tir d6 tinh
toan cac thong sd hiéu suat H (%) va dung luong hap phu Q (mg/g) theo cac cong thirc sau:

Hiéu suat xtr ly:

(C,-C.)x100
H= (%) (2.3)
CO
Dung lugng hip phy ion kim loai :
(C -C)xV
Q=——""— (mg/g) (2.4)

Trong do:

Q: Dung lugng hap phu tai thoi diém cén bang (mg/g).

H: Hiéu suét hap phu (%).

Co: Nong do ion kim loai ban dau (mg/1).

C;: Nong d6 ion kim loai tai thoi diém hap phu dat can bang (mg/1).
V: Thé tich dung dich ion kim loai (1).

m: Khi luong bot Mg-HAp (g).
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3.KET QUA VA THAO LUAN

3.1. Tong hop bot Mg-HAp tir mudi nitrat

Phd FT-IR cua bot Mg-HAp véi ti 16 [Mg®]/[Ca*'] = 2/8 hay ti 16 [Mg* /[Mg*" +
Ca®"] = 2/10 duogc biéu dién trén hinh 3.1. Trén phé c6 xuat hién céc pic dic trung cho cac
dao dong ciia nhom -OH va PO, trong phén tir HAp. Pic hap thy véi cuong do manh, van
phd rong, ti tai sé song khoang 3470 cm™ dic trung cho dao dong ciia -OH. Ngoai ra dao
dong ciia nhom nay con dic trung boi mot sb van phd & vi tri sé song khoang 1640 cm™,
tuong ng cho dao dong héa tri va dao dong bién dang ctia nhém —OH. Ving hap thu tai
1440 cm™ dac trung cho dao dong ctia nhom cacbonat COs* va pic héap thu tai khoang
bude song 1060 cm™; 570 cm™ tng véi dao dong bién dang ciia nhom PO,

Bang 3.1. Dao dong cua cac nhom chire dac
trung trong phdn tir Mg-Hap

, 1 v (em™) thye o o
Nhém v (em™) [1] nghiém : o d R
v (OH) lién két 3572 3570 g . : -
4 : i I
v (PO, 1087; 1046 1095; 1032 % ; i
@A :
§ (OH) 630 634,4 P
TR <= g g— EI
V2 (PO43_) 601; 571 608,9; 570,7 £000 50N 000 2500 2080 1500 1006 560
Sé song (cm™)
v (PO, 474 470,4 7
Hinh 3.1. Ph6 FT-IR cua bot Mg-HAp voi ti
v (H-O-H) 1640 1644,6 16 [Mg*"]/[Ca’"] = 2/8 hay ti I¢
Mg /Mg + Ca’*] = 2/10
v (CO5Y) 1450; 1420 1461; 1385,5
P-OH 870 880,8

Gian db nhiéu xa tia X cua cdc mau bot Mg-HAp véi ti 16 [Mg*)/[Ca*"] = 2/8 hay ti 18
[Mg”)/[Mg*" + Ca®] = 2/10 dugc thé hién trén hinh 3.2. Két qua cho thdy, bot Mg-HAp
thu duoc c6 ciu triic tinh thé, don pha ctia HAp véi nhiing pic dic trung ¢ cac goc nhidu xa
20 béng 25,9° va 31,9°. Pic nhiéu xa dic trung v6i cuong d6 16n nhét & vi tri goc nhiéu xa
20 = 31,9° twong ng v&i mat phang tinh thé ¢6 chi sé Miller (211), pic nhidu xa & vi tri 20
= 25,9° twong g v&i mit phang tinh thé c6 chi s Miller (002). Ngoai ra, con mot sd cac
pic déc trung khac cia HAp vdi cuong d6 nho hon.
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Hinh 3.2. Gidn dé nhiéu xa tia X ciia bt Mg-HAp
Hinh 3.3. gi6i thiéu hinh anh SEM cia bot Mg-HAp véi ti 16 [Mg*]/[Ca*] = 2/8.
Quan sat anh SEM cho thdy, cac tinh thé Mg-HAp c6 dang hinh try nhé, kich thudc kha
ddng déu va c6 bé mat trong ddi xp, vi vdy vat liéu ndy c6 kha ning hip phu v6i dung

lugng cao.

$4800-NIHE 10.0kV SIOMIM X200k SE(WI,LAD) 6//2012 054145

Hinh 3.3. Hinh anh SEM ciia mau Mg-HAp véi ti 1é [Mg”"]/[Ca’ ] = 2/8

3.2. Xir Iy ion Pb*
3.2.1. Anh huéng ciia thoi gian tiép xiic

Su bién d6i hiéu suat hip phu ion Pb>" cia cac loai bot HAp, Zn-HAp va Mg-HAp
theo thoi gian tiép xuc vai ion Pb*" trong 50ml dung dich c6 ndng do Pb*" 1,656 g/l, pH5 &
25°C theo thoi gian dwoc thé hién trén bang 3.3 va hinh 3.4. Két qua cho thdy, chi trong 5
phit tiép xtic, ndong d6 ion Pb*>" da suy giam nhanh chong (tir 1,656 g/l xubng con 0,078
g/), dat hiéu suét 95%. Sau 10 phut, hiéu suit h'?ip phu tang 1&€n 99,9% va dat gia tri on
dinh 100% khi thoi gian tang 1é€n 15, 30, 40 phat. Vi vay, thoi gian 15 phat dugc lya chon
cho céc xtr Iy ion Pb*" trong céc khao sat tiép theo.
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. 008 —5 110
Bang 3.3. Nong do ion Pb”* con lai va
hiéu suat hap phu theo thoi gian tiép xuc 0.06.. .—e . . . {100
*
, o |
TT | t(phat) | C (g/D) H (%) _oos, . ca) % .
1 5 0.078 95.3 > —e-H (%) loo X
D.02
2 10 0.001 99.94
470
3 15 0 100 07 Ave D
) 2 a0 i
4 30 0 100 1 (o)
3 40 0 100 Hinh 3.4. Su bién doi néng dé va hiéu sudt hd'p

phu ion Pb*" theo thoi gian tiép xiic

3.2.2. Anh huéng ciia khdi lwgng bot Mg-HAp

Két qua nghién ciru anh hudng cua khdi lugng bot Mg-HAp dén hiéu sudt hap phu ion
Pb>" 1,656 g/l, & 25°C, pH3, trong thoi gian 15 phat duge biéu dién trén bang 3.4 va hinh
3.5. Khi khéi luong bot Mg-HAp ting, nong do ion Pb*" con lai trong dung dich giam va
hiéu suét hap phu ting. Hiéu suat hap phu dat 46,2% khi sir dung 0,01g bot Mg-HAp. Sau
do tang 1én 67,5% khi khéi lwong bot Ba-HAp ting 1én 0,02g. Khi khéi luong ting 1én tir
0,05¢g dén 0,1 g, hiéu suét dat gia tri on dinh 99,98%. Piéu nay chung toé réng, khdi lugng
Mg-HAp 0,05g dii 1am suy giam hoan toan ion Pb*‘trong dung dich. Véi két qua nay, khdi
luong bot Mg-HAp 0,05g duoc lya cho cac xir li tiép theo.

1.0+ 105
Bang 3:4. Nong do iOlf,l Pb** con lai va hiéu sudt y . . .
hap phu theo khoi luong bot Mg-HAp 03+ loo
TT| m@ | C@ @ | ~e-can _—
So L) £
1 0.01 0.891 46.19 o s T
{60
0.2
2 0.02 0.0538 67.51
00 .‘M- - |
3 0.05 0.0002 99.98 T/ "
0.02 0.04 0.06 0.08 0.10
4 0.075 0.00018 99.98 m(g)
5 0.1 0.00012 99.99 Hinh 3.5. Sy bién doi néng dg va hiéu sudt hap
phu ion Pb*" theo khoi lwong bot Mg-HAp

3.2.3. Anh hwong cia pH dung dich

Bang 3.5 va hinh 3.6 biéu dién anh hudng ciia pH dén hiéu suét hip phy ion Pb>". Két
qua cho thay, khi pH dung dich ting tir 2-5, hiéu suat hip phu ion Pb*'déu dat gia tri rat
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cao, xap xi 100%. Dé chuan pH = 6 va 7, hién tugng két tiia xuat hién ngay khi nho dung
dich NaOH vao dung dich chura ion Pb*, chung to, ion Pb*" d3 tao két tua véi ion OH™.
Nhu véy, bot Mg-HAp c6 kha ning hip phu ion Pb>" voi hiéu suit rét cao, trong khoang
pH cua dung dich tur 2-5.

Bang 3.5. Né‘n’g dé ion Pb** con lai va hiéu 110
suat hap phu theo pH
TT pH C g H (%) 100 ° o
1 2 16.10* 99,99 g
2 3 52.10° 99,97 o
3 4 0 100
4 5 18.107 99,98 8% T : !

)
Hinh 3.6. Si bién doi nong do va hiéu sudt
hdp phu ion Pb*" theo pH

3.2.4. Anh hwong ciia ndng dé ion Pb**
Két qua xtr Iy ion Pb*" & cac ndéng d6 khac nhau dugc biéu dién trong bang 3.6 va hinh
3.7. Trong diéu kién xu ly, chi v6i 0,05g bot Mg-HAp dé lam suy giam hoan toan ion Pb*"
v6i ndng d6 1én tdi 3,31 g/l trong thoi gian 15 phut tiép xtc, mot 1an nita khang dinh, bot
Mg-HAp c6 kha ning hip phu ion Pb*" trong dung dich vé6i hiéu suit rat cao. Piéu nay m&
ra trién vong ng dung bot Mg-HAp lam vat lidu xtr 1y cac ngudn nude co chira cac ion

kim loai néng dat hi€u qua kinh té cao va than thién v6i moi truong.

Bfu}g 3.6. N&ng dé ion Pb** con lqi,vd hiéu sudt 110
hap phu o pHS, trong 15 phut, khoi luwong bot
Mg-HAp 0,05g, nhiét @ 25°C
100 ® ® ®
TT | CPb(M) | C (g) H (%) R

1 0.001 8.10° 99.98 :
901

2 0.0025 4.10° 100

3 0.005 8.10° 100 w

5 0.602 0.604 0.606 0.(;08 0.010
4 0.0075 28.10 99.99 o
5 0.01 56.107 99.98 Hinh 3.7. Sw bién doi nong dé va hiéu sudt

hdp phy ion Pb** 6 pHS, trong 15 phiit, khoi
heong bt Mg-HAp 0,05g, nhiét ¢ 25°C
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4. KET LUAN

Tong hop duoc bot Mg-HAp di tir mudi nitrat ciia Mg va Ca tuong tng, voi hiu suét
téng hop dat 89,3%. Bot Mg-HAp thu dugc co ciu tric tinh thé, don pha cia HAp, dang

hinh cau.

Cac két qua nghién ctru da khéng dinh dugc kha nang loai bé hoan toan ion kim loai
nang Pb>" trong dung dich nuéc. Chi voi mot ham lugng bot rit nhod Mg-HAp 0,05g di loai
b6 hoan toan ion Pb**¢é trong dung dich ndng do 10”M, pHS5 trong vong 15 phut, véi tbe
d6 khudy 600 vong/phiit.

Két qua nghién ciru ban dau dd mo ra trién vong tng dung bot Mg-HAp trong xir 1y
ion kim loai ning trong nudc, giam thiéu 6 nhiém ngudn nudc sir dung cho sinh hoat cua

cong dong.
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Pb?* HEAVY METAL ION TREATMENT BY Mg** ION DOPEP
HYDROXYAPATITE POWDER (MG-HAP)

Abstract: Magnesium ion doped hydroxyapatite powder (Mg-HAp) was synthesized from
nitrate salts: Ca(NO3)2.4H20, Mg(NO3)2 and (NH4)2HPO4 by chemical precipitation
method, with performance at 89.3%. Synthesized Mg-HAp powder had applied to treat
heavy metal ions Pb2+ in aqueous. The effects of factors: time, weight of Mg-HAp
powder, pH index and Pb2+ ion concentration in solution were studied. The results
showed that, Mg-HAp powder have the ability to completely remove Pb2+ ion. At pH
from 2 to 5, with weight of Mg-HAp powder 0,052, over a period contact minutes 15, Mg-
HAp powder removed completely (performance up to 100%) Pb2+ ion in solution with
content of Pb2+ ion up to 3,31g/l (more than dozens times the content of Pb2+ ion in
wastewater that be contaminated). This opened up the prospect of application Mg-HAp
powder such as a material to remove heavy metal ions in wastewater aiming to achieve
high economic efficiency and environmental friendliness.

Keywords: heavy metal, magnesium ion doped hydroxyapatite powder, treatment,
economic efficiency
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NGHIEN CUU VE HOC CHUYEN DOI TRONG GP
(GENETIC PROGRAMMING)

Ngé Thiy Ngan’
Truong Dai hoc Thu do Ha Noi

Tém tdt: Trong bdo cdo nay, ching téi dé xudt mé hinh cai dat hoc chuyén déi trong GP.
M&6 hinh hoc chuyén déi trong GP dwge xdy dung bang cdch sao chép cac giai phdp tot
tir bai todn nguén (source) sang ddn sé ciia bai todn dich (targe). M6 hinh nay dwoc kiém
thir trén mét 56 10p cde bai todn Hoi quy ky hiéu cé cdu tric va cdac két qua thiee nghiém
chi ra rang sir dung Hoc chuyen aoi glup GP thuec thi tot hon trén mét 16p cdc bdi todn
lién quan. Tuy nhién, chuyén doi qud nhiéu trl thire ciing cé thé lam gzam murc do thuc thi
ciia GP do chuyén doi cdc tri thire khéng can thiét sé anh hwéng xdau dén chdt lwong ciia
gidi phap tim dwoc, hién tuong nay cdn duoc goi la negative tmnsfer Do do, nghién curu
trd 1oi cdu héi "bao nhiéu tri thirc can chuyén tir bai toan nguon sang bai toan dich" dong
vai tro quan trong. Trong bdo cdo ndy, ching t6i cé gdng cung cdp két qua tra loi ban
ddu cho cdu héi nay.

Tir khéa: Ldp trinh di truyén, hoc chuyén doi.

1. MO PAU

Bai bdo nay dé xuat mo hinh cai dit hoc chuyén doi trong GP. Mo hinh hoc chuyén
d6i trong GP dugc xdy dung bang cach sao chép cac 101 giai tot tir bai todn ngudn sang
quan thé cta bai toan dich. M6 hinh nay dugc kiém thir trén mot sb 16p cac bai toan va céc
két qua thyc nghiém chi ra rang sir dung Hoc chuyén d6i gitip GP thyc thi tot hon trén mot
16p céc bai toan lién quan. Tuy nhién, chuyén d6i quéa nhiéu tri thirc ciing ¢ thé lam giam
mirc do thuc thi ciia GP do chuyén dbi cac tri thirc khong can thiét s& anh huong xau dén
chat luong cia giai phap tim duoc. Do d6, nghién ciru tra 151 cau hoi "bao nhiéu tri thirc
can chuyén tir bai toan ngudn sang bai toan dich" déng vai trd quan trong.

Hoc chuyén dbi 1a mot trong nhimng cha dé nghién ciru thu hiit nhiéu chu ¥ nhét trong
linh vic hoc may trong thoi gian gan day. Hoc chuyén doi ¢d ging 1am theo qua trinh hoc
ctia con ngudi. Tuy nhién, cac k¥ thuat hoc may phd bién khong dugc thiét ké dé 1am nhu

/'Nhan bai ngay 11.2.2017; chinh sira, giri phan bién va duyét ding ngay 20.3.2017
Lién h¢ tac gia: Ngd Thiay Ngan; Email: ntngan@daihocthudo.edu.vn
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vay. Noi cach khac, cac thuat toan hoc may thuong duge ap dung ri€ng 1€ vdi cac bai toan
moi. Piéu ndy cang dung hon khi hoc may duge ap dung cho cac mdi trudng dong trong
d6 cac myc tiéu va cac tham sb thay doi trong qué trinh hoc.

Két qua tir nghién ctru trude day cho thay cac cach tiép can hoc chuyén ddi co thé cai
thién va mo rong kha nang hoc may trong viéc giai quyét cac bai toan thuc té. Trong linh
vuc cac thut toan tién hoa, Lap trinh Di truyén 12 mot thudt toan duoc dé xuét gﬁn day. GP
1a mot co ché duge thiét ké cho phép mot quan thé cac chwong trinh may tinh c6 thé tién
hod. Tir khi xuét hién, GP da duoc ap dung vao nhiéu bai toan thuc té. Bai bao dé xuit mot
phuong phéap cai dat hoc chuyén doi trong GP. Cu thé, cb giang tra 10i ba cau hoi quan
trong khi cai dit mot phuong phap hoc chuyén d6i. Cac cau hoi nay gom:

1. Chiing ta nén chuyén ddi gi tir bai todn ngudn sang bai toan dich?

2. Lam sao chung ta c6 thé chuyén doi kién thirc tir bai todn ngudn sang bai toan dich?

3. Nén chuyén d6i bao nhiéu kién thirc?

2. NEN TANG

2.1. Hoc chuyén déi

Hoc chuyén doi 1a qua trinh trong d6 hé théng co6 thé nhan dang va 4p dung kién thic,
ky nang da hoc trong cac cong viéc trudc vao cac cong viéc moi. Cac phuong phap hoc
chuyén ddi dua trén mot s6 k¥ thuat hoc may nhu 1a mang noron. Cé nhiéu g dung 16n
ap dung thanh cong hoc chuyén d6i bao gdbm phan loai vin ban, phéan loai trang web, xac
dinh vi tri wi-fi trong nha. Hoc chuyén ddi tham chi con dugc dung cho mdt vai linh vuc
thi giac, xir Iy ngon ngit tw nhién, phan loai anh. Tuy nhién, hoc chuyén ddi van chua dugc
xdy dung cho Lap trinh Di truyén.

2.2. Lap trinh di truyén

Lap trinh di truyén (GP) duoc phét trién bi Koza vao nim 1992. Dya trén quan sat hé
théng sinh hoc, né st dung co ché lua chon tu nhién ctia Darwin dé tién hoa quﬁn thé 1oi
giai bai toan. No ciing dd dugc xem 13 mot phuong phap hoc may dé tdi wu mot quan thé
cac chuong trinh may tinh dé thyuc hién mot cong viéc tinh toan nao do. bé ap dung GP
giai mot bai toan, cac bude sau can duoc xir 1y.

1. Chon céch biéu dién, 1 tap cac chirc ning va két thiic va 1 ham thich nghi cho bai toan.

2. Khéi tao mot quan thé cac ca thé.

3. Panh gia thich nghi (t6t & mirc nao) cac ca thé trong quan thé.

4. Néu diéu kién dimg thoa man, két thuc. Nguogc lai chuyén sang budc 5.
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5. Chon mot s6 ca thé (1o giai tmg vién) sir dung phuong phap chon nao do.
6. Ap dung mot so toan tir di truyén trén céac 10i giai di chon dé sinh 1 quan thé mai.

7. Lap lai budce 3 téi budce 6.

3. PHUONG PHAP

Phuong phap niay nham tra 15i ba cau hoi sau vé hoc chuyén doi:

1. Chiing ta nén chuyén ddi gi tir bai toan ngudn sang bai toan dich?

2. Lam sao chung ta c6 thé chuyén doi kién thirc tir bai todn ngudn sang bai toan dich?

3. Nén chuyén d6i bao nhiéu kién thirc?

Cau hoi thir nhat va thir hai don gian. Chiing ta chuyén doi kién thuc tir bai toan ngudn
vao bai toan dich bang cach lya chon mot s6 10i giai tot tir quan thé ¢ thé hé gan nhét trong
bai todn ngudn va copy ching sang quan thé thé hé dau tién cuia bai toan dich. Cau hoi thi
ba kho tra 161 hon. Nghién ctru trude ddy vé tai so dung GP thuong chuyén dbi toan bo
kién thic tir nguon vao dich. N6i cach khac, toan bd quan thé trong thé hé cudi cing cia
bai toan nguon dugc copy truc tiép va trd thanh thé hé dau tién cia bai toan dich. Tuy
nhién, chuyén d6i qua nhiéu kién thuc c6 thé dan ti chuyén doi tiéu cyc va lam giam hiéu
qué cua hé thong hoc.

4. THU NGHIEM

Dé danh gia hiéu qua cua phuong phap dugc dé xuét, ta tién hanh thir nghiém trén 4
nhom bai todn. Céac bai toan nay khac nhau c6 dang don gian téi dang phirc tap. V&i mdi
bai toan, GP duoc sir dung dé huan luyén dang don gian nhat (vi du nhu F ;) trong 20 thé
hé. Sau d0, k% ca thé tot nhat trong thé hé cudi cing duoc copy sang thé hé dau tién cta
bai toan thir hai (F2) va (100-k) % cé thé trong hé hé dau tién cia bai toan thir hai duoc
sinh ngﬁu nhién. Qua trinh dugc 1ap lai cho cac bai toan khac cho téi khi bai toan cudi
cung duoc giai (Fy 5).

Bang 1: M4t s6 16p bdi todn

Lép bai toan Cac bai toan
1. x™x (Fi1)
2. XXX (Fi2)
F, 3. xMxHx (Fi3)
4, C+xMCxx (Fi4)
5.0 xx X (Fis)
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Lép bai toan

Cac bai toan

F,

cos(x)+sin(x) (Fa1)

cos(x)+sin(x) + sin’(x) (F22)
cos(x)+sin(x) + sin’(x) + sin’(x) (F23)
cos(x)+sin(x) + sin’(x) + sin*(x) + sin*(x) (Fa.4)
cos(x)+sin(x) + sin’*(x) + sin*(x) + sin*(x) + sin’(x)  (Fas)

cos(x)+sin(x) (F5.1)

cos(x)+sin(x)+ sin(2x) (F32)
cos(x)+sin(x)+sin(2x)+sin(3x) (F33)
cos(x)+sin(x)+sin(2x)+sin(3x) +sin(4x) (Fs4)
cos(x)+sin(x)+sin(2x)+sin(3x)+sin(4x)+sin(5x) (F3s)

F,

AR il Aol DA e

sin(x)-x*cos(x) (F4.1)

sin(x)-x*cos(x)+x *cos(x) (Fa2)
sin(x)-x*cos(x)+x” *cos(x*)-x> *cos(x’) (F43)
sin(x)-x*cos(x)+x” *cos(x’)-x’*cos(x’)+x" *cos(x")  (Fs4)
sin(x)-x*cos(x)+x> *cos(x’)-x’*cos(x’)+x* *cos(x*)-x"*cos(x’) (F4s)

Vi ¢6 5 bai toan trong m&i nhom, nén ham thich nghi thay d6i 5 1an va moi ham thich

nghi tién hoa trong 20 thé h¢, s6 lugng thé hé tdi da 1a 100. Ching toi ciing danh gia kha

ning tong quat hoa cua GP dbi véi hoc chuyén dbi thong qua lya chon cé thé tot nhat &

mdi thé hé va thi nghiém ca thé nay trén tap s6 lidu doc 1ap.

Bang 2: Gia tri tham 6 tién hod va gia tri chay

Tham s Gia tri

Kich thudc quan thé 500

Thé hé 100

Lua chon Tournament

Kich ¢ Tournament 2

Xac suét lai ghép 0.9

Xac xuét dot bién 0.05

D sau tdi da khai tao 6

Do xau toi da 15

Do sau tdi da cay dot bién 15

Khong két thuc +, -, *, / (protected one), sin, cos, exp, log (protected
one)

Két thic X

Tap huin luyén

60 random points in [-1,1]

Tap thu nghiém

60 random points in [-3,3]

Thich nghi thoé

mean of absolute error on all fitness cases

S6 1an thir cho mdi xir Iy

30 independent runs for each value
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5. KET QUA

V6i mdi bai toan, c¢6 5 biéu dd khac nhau tuwong tung voi 5 luong kién thuc duoc
chuyén d6i khac nhau. Cac luong nay bao gdm 0% (khong chuyén d6i) twong tw nhu GP
chuén; 25% (k25-Transferring nghia 1a 25% s6 ca thé cua quan thé cudi cung tir bai toan
ngudn dugc chuyén sang bai toan dich)..., 100% (k100- chuyén ddi toan bo).

Céc két qua thir nghiém cho thdy chuyén di kién thuc gitp ich cho viéc ap dung GP
cho nhom bai toan Pong co cau trac phirc tap ting 1én.
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o) < Transf
= é | er GP
g = \ e K 50)-
& 154 Transf
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Hinh 1: 6 thi cia tdp hudn luyén
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A STUDY ON TRANSFER LEARNING IN GENETIC
PROGRAMMING

Abstract: In this paper, we propose a model for implementing transfer learning in
Genetic Programming (GP). The model on transfer learning in Genetic Programming is
constructed by copying some good solutions from the source problem to the population of
the target problem. The method is then tested on some families of structured symbolic
regression problems and the experimental results show that the using of transfer learning
helps Genetic Programming to perform better on families of related problems. However,
transferring too much knowledge may also degrade its performance leading to negative
transfer. Therefore, it is important to study how much knowledge we should transfer from
the source to the target problem when implementing GP transfer learning system. In this
paper, we also attempt to give initial answer to this question.

Keywords: Genetic Programming, transfer learning.
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THE DEPENDENCE OF MAGNETORESISTANCE
IN DOPING SUPERLATTICE ON THE FREQUENCY
OF ELECTROMAGNETIC WAVE

Nguyen Vu Nhanl(]), Nguyen Dinh Nam’, Nguyen Quyet Thang’
'Hanoi Metropolitan University
’Hanoi University of Science, Vietnam National University

Abstract: By using quantum kinetic equation method the analytic expression of the
magnetoresistance in doped superlattice under the influence of Electromagnetic wave is
obtained. The magnetoresistance depends on some parameters, including the frequency
of the Electromagnetic wave. Estimating numerical values for a GaAs:Si/GaAs:Be doped
superlattice, this dependence is nonlinear and the magnetoresistance gets negative value.
There are some differences from the case of magnetoresistance in the bulk semiconductor.

Keywords: Doping semiconductors, low-dimensional semiconductos, quantum wells,
superlattices semiconductors.

1. INTRODUCTION

In the past few years, the properties of low-dimensional systems were studied more
increasingly [1-5]. Doped superlattices belong to two-dimensional semiconductor
structures. The influence of electromagnetic wave on the magnetoresistance has been
studied in the quantum well with parabolic potential and in the bulk semiconductor [6-8].
However, it still opens for studying in doped superlattice. In this report, we use the
quantum kinetic equation for electrons to theoretically study the influence of
electromagnetic wave on the magnetoresistance in doped superlattice. Numerical
calculations are carried out with a specific GaAs:Si/GaAs:Be doped superlattice.

2. THE QUANTUM KINETIC EQUATION AND THE ANALYTICAL
EXPRESSION FOR THE AGNETORESISTANCE IN DOPING SUPERLATTICE

It is well known that in the doped superlattice, the motion of electrons is restricted in
one dimension, so that they can flow freely in two dimensions [9-10]. We consider a

) Nhan bai ngay 11.02.2017; chinh sira, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Nguyén Vii Nhian; Email: nvnhan@daihocthudo.edu.vn
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doped superlattice to a cross electric field and magnetic field £ =(0,0,b;),l§=(0,B,O), the

Hamiltonian for electron-phonon system in doped superlattice :
_ 7 e - + +
H=Y¢, (kx -£a (t)jaijaNj{x + S haobb, +
N .k, q

+ 2 Cuw(@)ay; . oay; (bq+b—+q)+zﬁ”(‘7)a;,kx+;xam;
q

N,N'k .G

(1

x

where, a; .~ and a ., (b(;+ and b(.]) are the creation and the annihilation operators of the

electron (phonon), N is the Landau level index, | N ,kj >and |N',kﬁx+qt > are electron
states before and after scattering, ha); is the energy of an acoustic phonon,
CN,N, ((}) = C&IN,N, (qz ) , where C& is the electron-phonon interaction constant and Iy (qz)
is the electron form factor [1], (p(Z])iS the scalar potential of a crossed electric field E] ,

A(¢) is the vector potential of an external electromagnetic wave Z(t) = eE; sin(Q7)/Q2, Q

is the frequency of electromagnetic wave. The electron energy takes the simple form :
- — 2
gN(];Y):hw [N+lj+l h2]€Y2_ hk.o +eE, 2)
’ ’ 2) 2m ’ o,
here, mis the effective mass and charge of conduction electron, k, =(k,,k,)is its wave
vector in the (x,y) plan, @, is the frequency plasma caused by donor doping concentration.

Starting from the Hamiltonian in Eq. (1) and using the commutative relations of the
creation and the annihilation operators, we obtain the quantum kinetic equation in doped
superlattice :

oy (1) +(€E +wc[E»E]JM= 225 |Gy, (a)] (2, +1)

ot h ok,  n & G

x> J 2 (aq, )(nN,,WX — . )8 (e (k. +q,)-¢, (k)-1nQ).
|=—

For simplicity, we limit the problem to case of / =—1,0,1. If we multiply both sides of
the Eq.3 by (e/ m*)kté‘ (6—¢&y(k,)), carry out the summation over N and k_, use

Ji(agq,)=1-(aq,)’ /2 and the current density expression, we obtain the function of

conductivity tensor :
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=y {a(@k +byb, L))[aik —0,1 (60 ) eyhy + 077 (£, ) b, |
&

ot "ol (

T(&r — Q2
+b,b, o a)f(rzF(eF _;Q) [é’tk —0,1 (e, —hQ) e h + )7 (&, — hQ)hihk] (4)

T(&p +RQ
+byb, s a)f(rzF(gF +;Q) [é',.k —01(e, +hQ) e h + 027 (6, + hQ)hl_hk]}

e (&)

X —

———— 9,
m l+a)fz'2(5F)[

km

-0.r (8F )gkmnhn +a’t’ (8F )hkhm]

_eL A, P Ek,T E; eE o, I (q)
’ Zhm np? B°QF hap VT

/A /A Al —A?
b =-4 =2 (A, +3A 2 [=L (A, +3A,)—2—L L
| AI( ot 1)+ AZ( ot z) M

A} - A; A} A7

o o b, =
N Ry o

. 2ma); 1 2ma)f, .1
with A0=A4zh2—wg &r—ho, N+§ , A=A = P & —hao, N+5

Zma)z) L1 Zma) L1
Ay ——| &, +hQ-ho,| N+ ||, A= Ep—hQ-haw,| N'+—

ON 2 naw; 2

2me, 1 2me, 1
Ay = e, 2 -hQ-ho, 2 , A= P 2 Ep+hQ-ho, 2 .

And we obtain the expression of the magnetoresistance in doped superlattice as

where,

b, = O(A)O(A,)

follows:

ap _po(H)=p.(0) o (H)o.(0)
P p(0)  ol(H)roL(H) )

in which o,, o, is the conductivity tensor defined by Eq.4

The Eq.5 is the analytical expression of the magnetoresistance in the doped
superlattice and easy to come back to the case of the magnetoresistance in the bulk

semiconductor when @, —0. The expression shows the dependence of the

magnetoresistance on the frequency of electromagnetic wave and some other quantities.
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3. NUMERICAL RESILTS AND DISCUSIONS

In this section, we numerical evaluate, plot and discuss for a GaAs:Si/GaAs:Be doped
superlattice in order to clarify the mechanism for the magnetoresistance in the doped

superlattice. The parameters used in the number calculations are as follow [9-10]: 1=10"s,
£,=50meV , k,=1.3807x10* JK', m=0.0067m, with m,is the mass of a free electron.

-0.989

T
..... B=2.00T
==—=B=205T
—B=210T

-0.9895

0905

-0.9905

-0.991

Magnetoresistance

-0.9915

-
______
_________

-0.992 T —

-0.9925
1

Frequency of EMW O (") x10

Figure 1. The dependence of magnetoresistance on the frequency
of the electromagnetic wave

The Figure shows that the dependence of magnetoresistance on frequency of the
electromagnetic wave is nonlinear.

The magnetoresistance gets negative value. The value of the magnetoresistance
increases sharply when the frequency is low, after that it decreases steadily. With the
different values of the magnetic field B, we get the resonant peaks at the same point of
frequency. In the bulk semiconductor, there is no the resonant peak, this is one point
different between the doped superlattice and the bulk semiconductor. It can be explained
by the quantum confinement of electrons.

4. CONCLUSIONS

In this paper, we obtain the analytic expressions for the components of the tensor
conductivity and the magnetoresistance in doped superlattice under the influence of
electromagnetic wave from Hamiltonian of electron-phonon system. The
magnetoresistance in this case depends on the frequency of electromagnetic wave. This
dependence is nonlinear. We see that the magnetoresistance gets negative values and the
resonant peaks. The quantum confinement of electron in the doped superlattice causes
some differences from the case in the bulk semiconductor.

Acknowledgments: This research is completed with financial support from
NAFOSTED 2016.
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SU PHU THUQC CUA TU TRO TRONG SIEU MANG PHA TAP
VAO TAN SO SONG PIEN TU

Tém tdt: Trén co sé phwong phdp phwong trinh déng lwong tir, nhdn dwoc biéu thirc gidi
tich cua twr tro trong siéu mang pha tap khi co mat song dién tir ngoai. Tur tro nhdn duoc
phu thudc vdo cdc tham sé dic trung cho siéu mang pha tap ciing nhw vao séng dién tir.
Két qua tir tré dwoc tinh sé cho siéu mang pha tap GaAs:Si/Gads cho thdy ¢6 sw phu
thudc phi tuyén va c6 thé nhdn gid tri am. Céc két qua phdn tich cho thdy sw khdc biét khi
0 sanh véi két qua tir tré trong bdn dan khoi.

Tir khod: Siéu mang pha tap, ban dan thdp chiéu, hé lwong tir, siéu mang bdn dan.
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DONG AM - DIEN PHI TUYEN TRONG DAY LUQONG TU
HINH CHU NHAT VOI HO THE CAO VO HAN

Nguyén Quyét Thing', Nguyén Vii Nhan*"
ITru’dng Pai hoc Khoa hoc Ty nhién - Dai hoc Quéc gia Ha Ngi
*Trieong Pai hoc Thii d6 Ha Nji

Tom tdt: Hiéu vmg dm - dién lwong tir phi tuyén va dong dm-dién phi tuyén trong ddy
leong tir hinh chiv nhdt véi ho thé cao vé han dwege nghién citu trén co sé phwong trinh
déng lwong tir cho ham phdn bé dién tir trong tac véi séng dm trong va so’ng am ngoai
cia ddy lwong tir. Nhdn dwoc biéu thire gidi tich cho dong am - dzen phi tuyen trong day
luwong tu. Dong am - dzen phu thudc phi tuyén vio nhiét do T, s6 séng 9, tan s6 séng am
ngodi va cdc tham sé cau triic ciia ddy leong tir. Két qua dwoc tinh s6, vé do thi va ban
lugn cho ddy heong tir hinh chit nhdt Gads/GadsAl Cdc két qua tinh sé ciing dwoc so
sdnh voi cac két quad twong tw trong ban dan thong thwong va trong ho heong tir cho sw
khac bigt.

Tir khod: Bén dan, ban dan thp chiéu, ddy lwong tir, ho lwong tir, siéu mang bdn dan.

1. PAT VAN PE

Hién nay, cung véi su phat trién manh mé cua khoa hoc cong nghé, nganh Vat li ban
dan ciing di dat duoc nhiéu thanh coéng. Sy tién bd cua Vat li ban dan duoc dic trung boi
su chuyén hudng nghién ciru tir cac ban dan khdi sang cac mang mong va cac cau trac thap
chidu c6 kich thuéc nano mét nhu cac hd lugng tir (Quantum wells) va siéu mang
(superlattices) thudc hé hai chiéu, cac day lugng tir (Quantum wires - hé mot chiéu) va cac
cham luong tir (Quantum dots - hé khong chiéu). Trong cac hé thip chidu nay, chuyén
dong cua dién tr bi gidi han nghiém ngat (con goi 1a bi giam c?lm) theo mét, hai, hay ca ba
huéng toa do va chi chuyén dong tu do theo nhiing hudéng toa do con lai hoac khong
chuyén dong.

Sy giam cam dién tir trong cac hé ban dan thap chi¢u dan dén sy thay doi dédng ké cac
tinh chat vat ly cta dién tit nhu tinh chét quang, tinh chat dién déng thoi 1am xuét hién mot
sd tinh chat méi so v6i ban dan thong thuong (ban dan khéi) goi 1a cac hiéu tmg kich thudc

) Nhén bai ngay 3.3.2017; chinh sira, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Nguyén Vii Nhan; Email: nvnhan@daihocthudo.edu.vn



92 | TRUGING BAI HOC THU DA HA NOI

lugng tor [1-3]. 0] day, cac quy luat cua co hoc lugng tir bat dau c6 hiéu luc, khi do dic
trung co ban nhét 1a phé nang lugng cua dién tr bi lugng tir doc theo hudng toa dd bi giam
cdm. Do vay, cac dic trung ctia vat li€u nhu: ham phan bd, mat do trang thai, mat do
dong... ciing thay dbi theo. Su thay d6i cac tinh chat quang, tinh chat dién cua dién tir
trong hé thap chiéu da mo ra nhiéu kha ning ing dung, ché tao cac linh kién dién tir thé hé
méi va cho ra doi nhiéu cong nghé hién dai c6 tinh chit cach mang trong cac linh vuc khoa
hoc k¥ thuat.

Gan day cac nha khoa hoc di chi ¥ toi sy anh hudng cia song am dén cac tinh chat
cua vat licu, hay con goi 1a su tuong tac ctia sobng am vdi cac ban dan thép chiéu. Pic biét
1a hiéu tng am - dién trong ban din thap chiéu. Cac cong trinh 1y thuyét vé hiéu tng am -
dién trong ban dan khdi da duoc nghién ctru trong [4], trong hd lugng tir [5], trong day
lwong tir hinh tru [6]. Tiép ndi cac bai toan trén, bai bao ndy quan tdm nghién ctru hidu tmg
am - dién va dong 4m-dién trong day luong tir hinh chir nhat voi hd thé cao vo han vai cac
co ché tuong tac dién tir - phonon 4m trong va tan xa dién tir - phonon 4m ngoai. Két qua
cho dong am - dién dugc tinh s6 va v& dd thi véi day luong ti hinh chir nhat GaAs/
GaAsALl Céc két qua duoc so sanh voi két qua tuong tu trong ban dan khdi va hé luong tir
dé lam rd sy khéc biét.

2. PHUONG TRINH PONG LUQNGTU CUA PIEN TU TRONG DAY
LUQNG TU

Day luong tir hinh chir nhat voi gia thiét rang z 1a phuong khong bi lugng tir héa (dién
tir c6 thé chuyén dong tu do theo phuong nay) va theo hai phuong con lai (phuong x va y)
dién tir bi giam cam. Ham song (1) va pho nang lugng (2) cta dién tir trong day luong tir
hinh chit nhat véi ho thé cao vo han nhan duogc nho viée giai phuong trinh Schrodinger cho
mot dién tir chuyén dong trong day luong tir dugc viét dudi dang sau:

2 nr I
_(F) = ——=sin(—x)sin(— y)exp(ik.z) » (1
W,15() LIl L1 ( i )sin( L y)exp(ik,z)
2 2_2 2 2
- p,. hx(n )
= =+ —+ B}
£ (P:) 2m" 2m’ (Li Lf,]

trong do, m* la khdi lugng hi¢u dung cta dién tr; n, / 1a cac sb lugng tir ctia hai phuong bi
lugng tor hoa x va y (voi n, [ =1, 2, 3...); p, 1a xung lugng cua dién tir theo phuong z;
k= (0,0,k.) 1a véc to song cua dién tir; L 1 chiéu dai ctia day lugng tir; Ly va Ly 1a cac

kich thude cua day lugng tir theo phuong x va y.
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Gia thiét rang song 4m ngoai ¢ tan s6 wy dugc truyén doc theo day luong tir (phwong
Oz). Xét cac truong hop thuc té, tir s6 liéu thuc nghiém & nhiét d6 thap [5], khi d6 w/n =
vilgl/n << 1 va gl >> 1 véi n 1a tan s dao dong cua dién tir, v 13 van tdc song 4m, ¢ 1a sb
song am ngoai va I 1a quang duong tu do trung binh cia dién tir. Co thé coi cac song am
ngoai 12 mdt bé song phonon. Hamiltonian mo ta sy tuong tac cua hé dién tr - phonon
trong va phonon ngoai trong day luong tir hinh chir nhatdugc viét dudi dang (3):

H=Y%,0,,a,, + Y 17Ga, a nlp(h+b*)+2hwhb+ > QUi qa,, b exptia)

nl.p. Ltk nlnlg
3)
& day, Cr =AVk/(2pv.SL) 13 thira sb tuong tac dién tir - phonon trong; p 1a mat do khéi luong
cua dy lugng tir; 4 1a hing sb thé; Ci =iAvi{ho; /(20FS) 13 thira sb twong téc gifra dién tir -
phonon ngoai; ¥ = ali+c?)20, +(0, /0, - 2)1+0? )/20] o ==y} )" o, =(1-vZ/vH"2, L S=LL,
1a thiét dién cua day luong tir hinh chir nhat; v; (v,) 1a van téc doc (ngang) ctia song am;
a, v (a,y; )1atodn tir sinh (hiy) cua dign tir; b7 (b, ) 1a toan tur sinh (htty) ctia phonon

am trong; b, la toan tir huy cua phonon am ngoai; g la vécto song phonon ngoai. ‘n ;;> (
‘n'j + q>) 1a trang thai tuong tac trude (sau) cua dién ti; v} la yéu td ma tran cua toan tir

=exp(iqy - kiz), k1 = (q — (a)q/vl) )" (thura s6 tét dan theo khong gian ctia ving thé ning
dién trudng thay doi); / ,f,;’ 1a thira s6 dang cua dién tu [8].

Dé thiét 1ap phuong trinh dong luong tir cho dién tr trong sy ¢c6 mat ciia song am,
chung ta sir dung phuong trinh chuyén dong cho gia tri trung binh thong ké d6i véi cac

dien tir i Jrer.® fnz 5. @ < oz O, H> (& day, ki hiéu <X >t 6 nghia 12 trung binh nhiét dong luc

hoc cua toan tw X; f, - (1) = < 14 toan tir s6 hat hay ham phan bd dién tu).

nlp nli)z>t

Str dung Hamiltonian trong phuong trinh (3) va thuc hién cac phép tinh, phuong trinh
dong lugng tir cho dién tir nhén dugc c6 dang:

)11p(t) EC‘

nlq

+[fn,l,i>qu ~Jor i q]ex{ &(D.+q) =&,/ (p.)+ha, +i5)(f _f)}[ﬁxr,ﬁzé]\@ _ﬁn/,ﬁ:Nq]X

Inl

nl

de{[fn,l,ﬁ:ZVq _fn1p+q q]exl{ (nl(p +9)—¢&,,(p.)— ha) +ha) Xt t}

xex{;(&,,/(ﬁz) &, (p.—q)—ha, -Hé'Xt t'} [fn/,, N, f,,,,,N]eX({ &,,(p.)-¢ ,(ﬁz—(})-i-ha)q-kié‘xt_f)}}_
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Un W

n,l

LSl

n'l'k

jdﬂ{[fm No=fo N ]exp[; (6,,(B. +K)—&,,(.) + haoy, ~ o, +i5Xt—t’)} -

[fﬂlH N, nle]ex{ £,/ (B.) 8,y (B, —K)+heo, ~hey, +i5)t—) t}} @

o day, Ng (Vi) 1a s6 hat phonon ngoai (phonon trong); 6 1a ham Delta Kronecker va 7 1a
thoi gian hdi phuc xung luong cua dién tu.

3. DONG AM - PIEN TRONG DAY LUQNG TU HINH CHU NHAT

Dé giai phuong trinh (4), chung ta thay thé Juip bO1fr + f(2), v6i fr 1a ham Fermi can

bﬁng va f(¢) 1a ham chua cac ) hang con lai. Mat @6 dong am - dién c6 dang:

j= WZJ Soas, (). 5)

voi v, 1a van toc dich chuyén trung binh cua cac dién tu.

Thay phuong trinh (4) vao phuong trinh (5) va xét co ché tan xa dién tir - phonon 4m
trong, sau tinh toan chung ta nhan dugc biéu thirc cho mat do dong am - dién trong day
lwong tir hinh chit nhat véi hd thé cao vo han duoc viét dudi dang (6):

dedN kT 324N Vi W m AR
et S1r| Pt )L [ j 3 Diespl 1217 % L ©

3i: o l23 i23 i56
VOL D, =e [§1KO(§1)+3(WJ S K1(§1)+3(hﬁ] S K2(§1)+8(hﬁJ S K;(éfl)}

K 3 K 3 K 8 K
[é‘z 0(&)+ ( /3] &K (&) + ( ﬂ] &K, 6+ ( ﬂ] & (e‘z)]

—e"ﬁzf“{Ks(zl)+3K3(zl)+3K1(zl)+1<_loa)} e ZS/{KSWHK}%)HKI%)+K_1(;42)}

2

Pho .
trong do, & :g(An',[',n,[ _ha)q); & :g(An',l',n,l"'hwq); V4 :981 + 7 : 3 X2 =&, - ﬁhwk ﬂ (kg 7"

a ;Tz;; (n2-n?)+ ;;2;; (2): = ;zzzhz [,,;i], kg 12 hang s6 Boltzmann; T 14 nhiét
mL mL’ m L

v

do tuyét ddi cua hé; er 1a nang lugng Fermi va K,(x) 1a ham Bessel loai hai.
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Biéu thiic (6) chinh 1 biéu thtrc giai tich ciia mat d6 dong am - dién trong day lugng
tir hinh chit nhat v6i hd thé cao vo han. Biéu thirc nay cho thdy su phu thudc phi tuyén cua
mat do dong 4m - dién vao nhiét do 7, sd song, tan sd song 4m ngoai, chidu dai va kich
thudc cua day lugng tir (Ly, L)). Diéu nay 1a khac biét so véi nhitng két qua thu dugc cho
mat do dong Am - dién trong ban dan khdi [4] va trong hd lugng tir [5, 6].

4. KET QUA KHAO SAT SO VA BAN LUAN

Phén nay trinh bay két qua tinh sd, v& d0 thi cho mat d6 dong am-dién véi day luong
tir hinh chit nhat GaAs/GaAsAl. Cac tham sb sir dung trong tinh sb 1a: 7= 10"%, W =
10*Wm™, p = 5320kgm™, v;= 2x10°ms™, v;= 18x10°ms™", v,= 5370ms ', 4 =13,5¢V, 0, =
10°s™!, L=90x10" m, e = 2,07¢p, m" = 0,067m, (m 1a khéi lugng dién tir ty do).

[
199

— 25410 m"
— 34410 m!

= ¢=4.0410" "
T T

[}

=

=

[
|
|
|
|
|
|
|
|
|
|

|
|
|
|

n
|
|
|

Acoustoelectric current (arb.units)

Acoustoelectric current (arb.units)

=
n

Acoustic wave number q (m'l} X 10(Y

Temperature T (K)

Hinh 1. Sy phu thudc cua mat do dong am - dién Hinh 2. Sy phu thu,o”c’cda mdt do dong dm -
(tung do) vao nhiét do T cua hé (hoanh do) (voi dién (tung d¢) vao so song q (voi n=0,+1,
n=0,£1, n’=0,%1, I=1, I'=1). n'=0+1, 1=1, I’=1).

Do thi trong hinh 1 biéu dién su phu thudc ctia mét ¢ dong am - dién vao nhiét do T’
vGi cac sO song: g = 2,5.107 (m™); q= 3,4.107 (m™); q= 4,0.107 (m™). Két qua thu dugc
cho thiy sy phu thudc cia mat do dong am dién 1a phi tuyén, diéu nay twong dong véi két
qué trong hd luong tir [S] nhung c6 su khac biét thé hién ¢ d6 tang, giam cua mat do dong
am - dién trong day lugng tir 14 rat cham.

Trén hinh 2, d6 thi biéu dién su phu thudc ctia mat d¢ dong am - dién vao sb song ¢
¢ cac nhiét d¢ khac nhau (7 = 150 K, 7= 170 K va T = 200K). Puong biéu dién cho
thdy mat d6 dong am - dién phu thudc phirc tap vao sé song g va giam nhanh khi sé song
am nho.
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Do thi biéu din trén hinh 3 mé ta su phu thudc mat d¢ dong am - dién vao tan sb song
am véi nhiét @6 7 khac nhau. Nhan théy, su phu thudc ctia dong am - dién vao tan s song
la phi tuyén va ¢6 mét dinh cuc dai, tuong trng mat dd dong am - dién cuc dai khi tan sb
séng am ngoai théa min diéu kién @ = + An,l,n’,l’ hodc @, =@, — An,l,n’,l’ . Két qua nay
1a khéc biét so véi cac két qua thu dugc trong ban dan khéi [6] 1a dong am - dién luén phu
thudc tuyén tinh. Két qua nay ciing khac so voi két qua trong hd luong tir [5, 6], trong d6
mat d§ dong am - dién c6 hai dinh cuc dai ing v6i hai gia tri khac nhau cta tan sb song am

1a a);:a),;iA

n,l,n',l' .

=y

= omegaq. T=200K
= omegaq T=250K

= omegaq T=300K
I I

I I

= omegaq.L=60(rm)
= omegag L=63(mm)
= omegaq.L=7(mm)

=

oo
T
|
|
— — L _ _l
- -
|
|
L
|
|
|
——— ==
|
|
—__L
|
|
|
+
|
|
|

=

.

[

Acoustoelectric current (arb.units)

=

oo Acoustoelectric currgnt (arb_units) __

5

Acoustic wave number wq (5 1) a0 Acoustc wave number wq (s ) <0

Hinh 3. Sy phu thudc cua mat dé dong adm - dién Hinh 4. Sy phu thudc cia mdt do dong dm -
(tung dj) vdo tan sé séng am hoanh d¢) khi nhiét  dién(tung do) vdo tan sé séng am hoanh dg)
dé cia hé thay doi khi chiéu dai ddy lwong tir thay doi
(voi n=0,x1, n’=0,£1, I=1, I’=1). (voi n=0,+1, n’=0,£1, [=1, [’=1).

D6 thi trén hinh 4 biéu dién su phu thudc cua mat do dong am - dién vao tan s song
am khi chiéu dai day luong tir L thay ddi. Su phu thudc nay 13 phi tuyén va xut hién mot
dinh cuc dai, twong img vai mét do dong am - dién cuc dai khi tan sb song am thoa man
w, =, +A,,, hoic ®, =@, —A,, ... Két qua khao sat cho thay, dinh cuc dai nay dich
chuyén vé phia tan s6 song 4m nho khi chidu dai day lugng tir L ting. Sy dich chuyén nay
chimg té rﬁng kich thudc day lugng tir &nh hudng manh t6i do 16n ciia mét d6 dong am-dién.

5. KET LUAN

Trong bai bdo nay, chung to6i nghién ctru hi¢u tng am - di¢n va tinh mat d¢ dong am
dién trong ddy lugng tir ban dan hinh chit nhat véi hd thé cao v6 han. Cac két qua chinh
nhan duoc la:
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— Nhan dugc phuong trinh dong lugng tir cia dién tur trong day lugng tir khi c6 mat
song am ngoai va biéu thirc giai tich ctia ham phan bé dién tir.

— Thu dugc biéu thirc giai tich cia mat do dong am - dién trong day luong tir hinh chir
nhat voi hd thé cao vo han. Tir d6, chi ra nguyén nhan xuét hién dong 4m - dién trong day
lugng ti hinh chir nhat chinh 1a su ton tai cua céc dong thanh ph?m duoc sinh ra bdi cac
nhom hat tai (dién tir) mang nang lugng khac nhau va su phu thudc nang lugng cia dién tur
vao thoi gian hoi phuc xung luong.

_ M4t d6 dong am - dién trong ddy lwong tir hinh chir nhat duoc tinh sb, v& d6 thi cho
day lugng tir GaAs/GaAsAl. Két qua cho théy mat do dong am - dién phu thudc manh va
khong tuyén tinh vao nhiét d6 7, sd song ¢, tan s6 song am va kich thudc cua day luong ti.
Cac két qua nhan dugc 1a médi va khac biét hoan toan so voi két qua thu dugc trong hé
lugng tir [5, 6]. Mat do dong am - dién dat gia tri cuc dai khi tan sb song am thdéa man diéu
kién cong huong,
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TRUCGONG BAI HOC THU BA HA NOI

A NONLINEAR ACOUSTOELECTRIC CURRENT
IN A RECTANGULAR QUANTUM WIRE
WITH IFINITY HIGH POTENTIAL

Abstract: Based on a quantum kinetic equation for distribution function of electrons in
interactions of inside phonons-electrons and external phonons-electrons, a nonlinear
acoustoelectric effect and a nonlinear acoustoelectric current in a rectangular quantum
wire with a infinity high potential are studied. An analytic expression for the nonlinear
acoustoelectric current in a quantum wire is obtained. The nonlinear dependence of the
acoustoelectric current on the temperature T, the number of q waves, the external
acoustic wave frequency and the structure parameters of a the quantum wire is obtained.
The results are numerical calculated, ploted and discussion for the quantum wire
GaAs/GaAsAl All these results are compared with those for normal semiconductors and
quantum wells to show the differences.

Keywords: Semiconductors, low-dimensional semiconductos, quantum wires, quantum
wells, superlattices semiconductors.
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DANH GIA HIEN TRANG QUAN LY MOI TRUONG VA DE XUAT
CAC GIAI PHAP CHO QUA TRINH HOAN NGUYEN TAI
MO THAN HONG THAI, TINH QUANG NINH

Ngo Thanh Son’
Truong Dai hoc Thu do Ha Noi

Tém tdt: Trong thoi gian gan ddy, véi viée khai théc tan thu va trit lwong than tai mot sé
mé gan nhw di can kiét cong tac hoan nguyén tai cac mo than dang dat ra nhitng kho
khan va thach thirc vé hiéu qua hodn nguyén doi véi méi truong. Nghién citu nay thong
qua dénh gid hién trang sé dé xudt cdc giai phap trong céng tdc hoan nguyén doi véi mo
than Hong Thai, mé than ldu doi va da budce vio céng doan hoan nguyén, nham ndng
cao hiéu qua va giam thiéu cdc rii ro vé méi truong tai khu mo ciing nhu khu vuc lan cgn

Tie khoa: Moi triwong, hoan nguyén, mo than, 6 nhiém, rui ro.

1. PAT VAN PE

San xuat than truéc day 1a mot nganh kinh té quan trong & Viét Nam. Véi san lugng
khai thac 40 triéu tan than/nim nhu hién nay (trong d6 c6 dén 70% san lugng than dugc
khai thac tai ving moé Quang Ninh) va cung véi nhitg bude tién vuot bac ca vé quy mo
khai thac 13n chat lugng san pham da dap ung ngay cang cao nhu ciu sir dung than trong
va ngoai nude, dap ung nhu cau viéc lam cho hang van nguoi lao dong, gdp phan tich cuc
vao sy phat trién kinh té xd hoi cta khu vuc va vung mién. Tuy nhién, viéc khai thac than
lai phéat sinh nhidu van d& tac dong tiéu cuc toi moi truong nhu giy lin dat, suy thoai
nhanh tai nguyén rimg, bdi ling long hd, 6 nhiém ngudn nudc, 1am phat sinh nhiéu khoi
bui va chét thai ran... anh huong khong nho dén sic khoe va doi sdng cua nguoi dan va
cac sinh vét ¢ cac khu vuc lan can. Hién trit lugng than tai nhiéu mo d3 gﬁn can kiét, vi
vay, vi€c hoan nguyén tai cac mé than dang duogc xem 1a van dé trong tam, can thiét phai
dua ra nhiing giai phap vé quan 1y va cong nghé dé giam thiéu 6 nhiém méi trudng va tra
lai méi truong dam bao cho khu vuc. Trén co s& do, nghién ctru di vao danh gia hién trang
moi truong trong giai doan cudi khai thac tai mé than dién hinh 1a moé Hong Thai, tir 6 dé

! 'Nhan bai ngay 14.02.2017; chinh stra, giri phan bién va duyét ding ngay 20.3.2017
Lién h¢ tac gia: Ngd Thanh Son; Email: ntson@daihocthudo.edu.vn
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xudt cac gidi phap moi truong cho qua trinh hoan nguyén tai day, va xa hon 1a cac mo dang
budc toi1 giai doan hoan nguyén.

2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. Pdi twong nghién ciru

Dbi twong ciia nghién ctru 1a hién trang cong tac Quan Iy moi trudng (QLMT) tai mo
than Hong Thai. Mé than Hong Thai thudc khoang sang Trang Bach thudc huyén Dong
Triéu, tinh Quéang Ninh, dugc khai thac tir thoi Phap thudc toi nay, c6 trit lugng cong
nghiép theo gidy phép hoat dong khai thac khoang san 1a 4.890.000 tan, diéu kién khai thac
thuan loi, than c6 chat luong tt 12 ngudn nguyén liéu quan trong ctia nhiéu nganh kinh té,
cho nhiét dién... va xuit khau. Khu vuc mo than Héng Thai hién da va dang khai thac tap
trung tai via V47, V46, V45, V43 va V42... véi cac t?mg 1o béng + 475, +410, +325, +248,
+251, +125, +30 v&i mot day chuyén cong nghé khai thac twong ddi hoan chinh tir khau
khai thac, dao 16 dén van tai, sang tuyén va cac cong trinh phuc vu san XUuAt.

2.2. Phuong phap nghién ciru

— Phurong phdp tong hop va phan tich hé thong tai liéu, s6 liéu.

Cho dén nay, c6 kha nhiéu tai liéu, sd liéu moi trudng vé khu vuc khai thac. Do cac tai
liéu, s6 liéu tir nhidu ngudn khac nhau, tir nhitng nghién cru so bo dén chi tiét cua cac ca
nhan hodc tap thé vao nhiing thoi diém khéc nhau do d6 c6 sy khac nhau kha 16n vé murc
dd phan tich, danh gia hién trang tai nguyén, moi truong khu vuc nghién ctu. Muc dich
cua phuong phap nay la:

+ Hé théng hoéa cac tai liéu, s6 liéu roi rac sin co theo dinh hudng nghién cuu.

+ Phéan tich, danh gia nhiing tai li€u, sb liéu sdn c6, chon loc nhitng sb liéu, nhiing
nhan xét phtt hop nhét vé diéu kién tai nguyén méi truong, diéu kién khai thac tai khu vuc
nghién cuu.

Khi téng hop va phan tich cac tai liéu, sé lidu sin co, viéc xtr 1i s lidu 1a can thiét.
Trong xt li s6 liéu ngoai viéc danh gia don thuan con 4p dung viéc bo sung thong qua khao
sat thuc dia véi sb lieu cap nhat. HE théng hoa cac tai liéu béng bang.

— Phuong phap khdo sat thuc dia

Muc dich cua phuong phap khéo sat thuc dia:

+ Thu thép tai li¢u, sb lidu lién quan dén khu vuc nghién ctru, bao gém diéu kién tu
nhién, kinh té, tai nguyén mai truong khu vic. S6 liéu vé khai thac, két qua quan trac moi
truong, danh gia tic dong moi truong, s liéu vé hoan nguyén maéi trudng mo.
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+ Phong van: viéc diéu tra, phong vén, liy y kién cong dong (v6i nha quan li moi
truong, nguodi lao dong truc tiép khai thac moé va nguoi dan khu vyc 14n can khu khai thac)
c¢6 y nghia rat 16n dé bo sung cho nhiing nhan dinh, danh gia vé méi truong.

+ Quan sét va ghi chép: quan sat cac hoat dong khai thac, sang tuyén va van chuyén than.

3.KET QUA VA THAO LUAN

3.1. Hién trang cong tac QLMT

Cong tac QLMT ctia mo duge xay dung dua trén viéc giam thiéu 6 nhiém do hoat
dong khai thac va van chuyén than, bao vé moéi truong cho khu vuc khai truong va lan can.
Dé di dén thyc tién cong tic QLMT, ta can tim hiéu tac nhan va cic qua trinh gy 6 nhiém
modi truong trong cac hoat dong tai khai truong mo.

KHAI THAC THAN

v .

| Khoan, nd min | ................ > _an
- Bui PR } N‘* |
) 82, @b o min - Gay nt né, sut lin mét
T onaneong - I dAt (B6i voi ham 1)
- Khi thai doc hai A Bui
Boc xuc AT Sl
(dao 1) »-On
- Thay doi canh quan
l - Khi déc hai (d6i véi may
- Bui chay diézen)
-On  [TRRR Vén tai
- Khi thai déc hai -
v - Bui
U -On
| Thai da | M - Thay d6i canh quan
- Bui l - Tréi lap, sa mac hoa
= Orl. . o So tuyén - Gay sat 16
- Tréi lap (tai md)
]
* - Gay troi l4p, sa mac hoa
| Thoa't nwéyc | ................ » _ Géy Sa’t Ié’ ]
- Lam xau chat lwong nuwéc
mat B .
l - Lam 6 nhiém nwédc ngam
Gia cong R .
ChEbidn | e M ooy
(Nha may Layon .
2 - Gay tréi lap do ba sang
tuyén) Lk R
- Lam 6 nhiém nuw&c bién gan
bo

- Bdi lang day bién do bun than

Hinh 1. So dé qud trinh va tdc nhén tac déng téi méi truong



102 | TRUGING BAI HOC THU DA HA NOI

Duya trén cac tic nhan va co ché gdy 6 nhiém do6, dd c6 nhiing bién phap nhat dinh dé
quan 1i 6 nhiém tai day:

— Quan li chdt thdi va kiém sodt 6 nhiém:

Réc thai sinh hoat trong mo bao gdm rac thai tir qua trinh sinh hoat ctia cac h dan
trong khu vic va cta cac don vi trong Cong ty v6i khéi lwong 700kg/ngay dugc thu gom
hang ngiy vio céac thung chira va phan loai thanh chat hitu co va vo co. Khi rac day sé tién
hanh lap ho bang dét va trdng cay Ién trén dong thoi tao mot hd khac dé tiép tuc chua rac.
Chét v6 co tap trung vao thung 16n va hop dong véi don vi ¢6 chic nang thu gom, van
chuyén d6 vao bai rac thai theo quy hoach cia Uy ban Nhan dan Thanh phé.

Dé nang cong sudt mo ham 16 1én 500.000 tin than nguyén khai/nim, qua trinh khai
thac than s& thai ra méi truong khoang 40.996,5 m® dit d4 va khoang 100.000m’ dat d4 tir
qué trinh khai thac 19 via. Pa tu ham 10, dat da 16 via, thai sang duoc van chuyén dd trén
cac bai thai da dugc quy hoach theo quy dinh. Hién nay tai khu vyc khai thac cé 3 bai thai,
tai cac bai thai hién nay da dung viéc dd bai thai cao va trién khai cong tac cai tao, phuc
hdi moi truong, tién hanh san gat cit tﬁng ha d6 cao dé dam bao su 6n dinh cua bai thai va
trong cdy xanh tai cac suon tang dé han ché viéc ria troi dat da va mirc do anh hudng cua
bai thai

Nudc thai sinh hoat an uéng, tdm rira, giat quﬁn ao cho xa truc tiép vao ranh chung sau
khi d4 qua cac hd ga ling giit lai bun cat.

Nudrc thai xi tiéu duoc qua cac bé tu hoai dé xir Iy trwdc khi xa ra ngoai.

Ngoai cac hé théng muong thoat nudc va hé théng hé lang cin, dé giam thiéu tac dong
ctia nudc thai trong qué trinh khai thac, ché bién khi thai ra méi truong, mé than Mao Khé
da dua cac hé théng xu 1y nudc thai vao hoat dong tai 2 vi tri 1a khu vuc Héng Thai dong
va khu vuc bé lang tai ranh gi6i gitra Hong Thai va Trang Khé. Nudc thai ctia cac via khai
thac 1 thién con lai dugc dan vé hé thong xir Iy nudc thai ham 16 va duoc xtr 1y trude khi
thai ra moi truong. o1 voi nude thai sinh hoat mé ap dung hé thong xir Iy theo so do:

Nuéec thai sinh hoat khu vyc nha khach va nha dn co quan — song chin rac — hé ga
(ling can) — bé xur 1y yém khi 03 ngan — chay ra hd.

Cong tac xu ly khi, bui tai mo Héng Thai dugc thuc hién tuong ddi hiéu qua. Ngoai
céc bién phap phong chdng khi, bui trong ham 16 va nha sang, cic tuyén dudng van chuyén
than trong ndi bd mo thudng xuyén dugc kiém tra va cho nao vét bun trén mit duong dé
han ché bui phét sinh trong qua trinh van chuyén than, phun nuéc tudi dudng thuong
xuyén tly theo dd am ctia mat dudng.

+ Tién hanh nao vét cac hé thong xtr Iy nudce thai, song, ho hang nam.
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+ Nang cp, cai tao va nao vét cac hé thdng muong thoat nudc, xay keé chan bai thai

Céc thu tuc vé kiém soat 6 nhiém, quan Iy cht thai di dugc xay dung trong "Quy ché
bao vé mdi trudng" cua Cong ty. Dua trén cac chuong trinh va hé théng QTMT, mé xay
dung h¢ théng dr li€u lam co s& cho viéc xac dinh hién trang va xu thé dién bién moi
truong trong qué trinh san xuat, kinh doanh cta don vi dé co cac giai phap tng phé kip
thoi khi ¢6 cac dién bién bat thudng vé méi truong.

— Ung phé sw c6 méi truong

Pai da ph?m can bd cong nhan vién cua mod déu lam viéc dudi ham 10, trong moi
truong doc hai, do do viéc thuc hi€n cong tac an toan trong lao dong ludén dugc mod xac
dinh 1a nhiém vy trong tam, hang déu.

Giai phap cong nghé khai thac an toan cia mo than Hong Thai tuong ddi hién dai. Gan
nhur tat ca ca 10 cho déu mo thyuc hién chdng gia thuy lyc XDY-1T2/LY. Vi cac via thodi
mo ap dung cong nghé vi chdng thuy luc don, gia khung ZH-1600 di ning cao hé sb an
toan va ning suét lao dong. Viéc sir dung may khoan TAMROC, may xiic 1ap hong két hop
v6i khoan nd min da gép phan dang ké 1am tot cong tac an toan. Cac thiét bi dic thu duoc
thuong xuyén kiém tra stra chita dinh ky. Bén canh d6, viéc quan 1y cac quy trinh, quy dinh
di d6i v6i ddo tao, huan luyén kién thirc chuyén mon cho cac ddi twong lam cong tac lién
quan dén vat lidu nd6 mot cach nghiém ngit nén tir nhiéu nim nay, mo khong dé xay ra su
cd, tai nan nghiém trong trong linh vyc nay.

Thye hién vé sinh cong nghi€p, mo td chirc xuc don dat da, khai muong tach nudc,
chdng xén kip thoi cho cac duong 10, dé diéu chinh lugng gi6é sach cung cép dén cac guong
16 dam bao cho cong nhan san xuit. Mo con duy tri khoan ép nuéc va phun nude tudi,
chéng bui cho cac duong 16 chg

Mo ludn dé cao tuyén truyén, phong tranh tai nan lao dong cho cong nhan vién khu
mo, xay dyung tram xa, so ctru, cdp ciru cho cac trudng hop tai nan. Trung binh mdi nim
chi ¢6 1-2 vu tai nan lao dong

Véi muc dich giam thiéu tac dong do troi 1ap bai thai va boi lap cac dong chay bé mit,
mo ap dung cac phuong phap nhu: xay tudng ké chan bai thai bang d4 hoc, tao dé chin dat
da troi tai mép mdi tang thai, nao vét cac dong chay theo dinh ky, trong cdy xanh trén bai
thai va cac khu vuc xung quanh.

3.2. Cac gidi phap cho qua trinh hoan nguyén tai mé than Hf‘)ng Thai

Dua trén cac van d¢€, hién trang moi truong tai mé, nén tang cong nghé, khoa hoc ky
thudt va muc dich cai tao méi truong, nghién ciru d€ xuat cac phuong an hoan nguyén mo
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sau day nham han ché t6i da tac dong dén moi truong tai khu mod va khu vuc l1an cén
nhu sau:

e Pdnh toi nén cong trinh

Do nén nhitng khu vuc mit bang nha cira, san béi sau khi thao d& cac cong trinh 1a
tuong ddi bang phang va 1a nén dat do d6 chi can tién hanh cay xoi, danh toi dat véi bé day
0,2m nham tao do toi xép cho dat trudce khi tréng cay.

Khéi lugng cong tac danh toi nén dat: 108300 m*x 0,2m = 21660m’.

e Trong cdy

Chung loai cay trong: Cay keo l4 tram hodc loai cay thich hop khac.

Mat d6 trong cay: 1.250 cay/ha.

e Gidi phdp trong va cham séc cdy:

* Gidi phdp trong cdy doi voi tieng khu viee cu thé

Quy trinh gdm céc budc:

— Dao hé trong: Pao hd trong bang thu cong véi kich thude 0,3 x 0,3 x 0,3 m, dat
d6 xung quanh miéng hé. Khoang cach giira hai hang 15 1a 2,0m, cy ly cay 1a 2m, bé tri so
le nhau.

— Lam dat: Tron phéan vi sinh vao dat mau ti 1& 1/40, d6 16t day hd véi chiéu day 0,2m

— Trong cay: Pat cay vao ho trong va lap dat, 1én chat goc cay. Tién hanh trong lan
lugt tir mirc cao xuong mirc thap, xa trudc gan sau.

* Gidi phdp trong, bdo vé va cham séc cdy trong
— Phuong thirc trong: Trong rimg thuan loai.

— Loai cdy trong: Keo tai tugng, keo 14 tram.

— Mat d6: 1.250 cay/ha.

— Phuong phap trong: Trong bang ciy con cé bau.
— Thoi vu trong: Trong vao vu xuan he.

— Tiéu chuan ciy con mang trong: Tudi cdy 3 thang, duong kinh ¢6 1& 3 + 5mm; chiéu
cao 25cm + 30cm. Cay xanh tot, dd rung hét 1a me (ra 14 to 100%), dd dao bau va tuyén
chon phan loai cay, khong sau bénh, cut ngon, cong queo, khong 2 than.

— Phuong phép trong: Chon ngay dam maét dé trong, khi trong phai xé vo bau va vun
dat mit vao hd nén chit cao qua ¢6 ré 2cm.
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* Cham soc cdy trong

Theo ddi, chim soc tudi cay dinh ky trong 03 nim dau dén khi cay phat trién on dinh.

Hang nim tién hanh trong dim thay thé nhimg cdy chét hodc khong co kha ning
sinh truong.

Cong tac cham soc ddi v6i timg nam nhu sau:

— Cham soc nam thi nhat: Tién hanh cham soc sau khi trong dugc 3 thang. Phat mot
1an, x6i vun gbc mot 1an va trong dim nhiing cay bi chét.

— Cham soc nam thir hai: Phat va x6i vun gdc hai lan, bon phan va trong dam nhiing
cdy bi chét.

— Cham séc nam thir ba: Phat hai 1an, x6i vun gdc mot 1an va trong dam nhiing cay
bi chét.

e Tong hop cdc tic ddng va cdc bién phdp gidam thiéu trong qud trinh hodn nguyén

TT

Cac hoat dong

Cac tac dong va sw
c0 méi truong

Cic giai phap giam thiéu

- Van chuyén nguyén
vat ligu thi cong xay
dung;

- Nao vét long sudi
Trang Khé;

- Van chuyén ‘dét da
thai nao vét di do thai;

- Thi cong xdy dung
cac hang muc cong
trinh;

- Trong ciy trén mit
bang da cai tao.

- O nhiém bui, khi
thai (CO, SO,, NO,,
cac hydrocacbon) do
qua trinh san gat
bing may Ui va van
chuyén dit da thai,
vat liéu xay dung...

- O nhiém tiéng on,
d6 rung do hoat dong
clia cac thiét bi trong
qua trinh thi cong san
gat va phuong tién
van chuyén dat da
thai.

- Nudéc mua chay
tran s& duoc dan
dong thu gom vao hé
ling tam truéc khi
chay ra sudi.

- Su ¢b tai nan giao
thong, lao dong.

Quan 1y chat thdi:

- Che phu nguyén vat liéu van chuyén.

- Thuong xuyén twdi nude 4m dudng van
chuyén, tudi nudc trong khu vuc dénh
toi, san gat.

- Thuong xuyén bao dudng xe, mdy moc
dé cac thiét bi c6 thé lam viéc ¢ didu
kién tbt nhat;

- Céc phwong tién van chuyén dat da, vat
liéu khong dugc chd qua tai trong, thung
xe ¢O bat che kin.

- Quan Iy ngan chin 1o ri xang dau va vat
liéu doc hai do xe van chuyén va cac
thiét bi thi cong gy ra;

- Bé tri lich thi cong hop 1y.

- Cong nhén lam viéc trén cong trudng
dugc trang bi bao hg lao dong dé han ché
anh hudng cua buyi va tiéng 6n.

- Chét thai trong qué trinh thao d& s&
duoc tai sir dung triét dé, phan thai bo s&
duoc xur Iy theo quy dinh tai Nghi dinh
s6 59/2007/ND-CP cta Chinh Phu ngay
09 thang 04 nam 2007 V/v quan 1y chat
thai ran.

- Lap ban an toan lao dong va bao vé moi
truong tai cong truong.
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4. KET LUAN

Két qua nghién ciru cho thiy mo than Hong Thai dang budc vao giai doan cudi khai
thac, cac hoat dong khai mé van dién nén cac tic dong vé moi truong 1a twong d6i 1on. Du
viy cong tac quan 1y va ing pho vai cac sy c¢d moi truong tai day kha hiéu qua, giam thiéu
nhiéu cac tac dong ti€u cyc tdi moi truong tai khu mé va khu vuc 1an can. Nghién ctru da
dé xuat mot s6 giai phap cho cong tac hoan nguyén cho mo than Hong Thai va co thé ap
dung cho cac mo dang budc vao cong doan hoan nguyén, ddm bao tra lai moéi truong theo
quy dinh ctia nha nudec.
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ENVIRONMENTAL STATUS ASSESSMENT AND PROPOSING
SOLUTIONS FOR RECOVERY PROCESS IN THE HONG THAI
COAL MINING, QUANG NINH PROVINCE

Abstract: Recently in Vietnam, coal reserves are increasingly exhausted due to
overexploitation. Besides, the recovery process in coal mines is facing difficulties and
challenges in terms of environmental recovery efficiency. This study, through a review of
the current situation, will propose a recovery plan for the Hong Thai coal mine, aiming
to improve efficiency and minimize environmental risks at the mine and its vicinity.

Keywords: environment, recovery, coal mine, pollution, risk
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XAC DINH HAM LUONG MANGAN VA KEM
TRONG CA DIEU HONG (Oreochromis sp.) NUOI @
KHU VUC PHUONG BAC NGHIA,

THANH PHO DONG HOI, TINH QUANG BINH

Nguyén M4u Thanh’
Truong Dai hoc Quang Binh

Tém tdt: Phuwong phap quang phé hdp thu nguyén tir ngon lira (F-AAS) dwoc dp dung dé
xdc dinh ham lwong mangan va kém trong cd diéu hong nuéi & khu viee phwong Bic
Nghia thanh phé Pong Héi tinh Quang Binh. Phuiong phép nay cho dg ldp lai cao véi
RSD < 4,16%, d6 thu hoi 94,52 ~ 103,37%, gi6i han phat hién thdp. Két qua cho thay
ham lwong trung binh mangan va kém trong cd diéu hong la: (0,798 = 2,056 mg/kg twoi
va 2,603 + 13,025 mg/kg twoi), nam trong gidi han cho phép theo quy dinh 46/BYT 2007.

Tir khéa: cd Diéu hong, mangan, kém, phwong phap AAS

1. PAT VAN PE

C4 diéu hong (Oreochromis sp.) hay con goi 1a ca ré phi d6 da khong con xa la gi véi
chung ta. Pay Ia loai ca c6 mau sic do héng dep, thit ca diéu héng vi ngot, tinh binh,
khong doc, c¢6 tac dung bo khi huyét, ich ty vi, loi ngil tang... Dung bo dudng cho nhiéu
bénh chirng hu nhuoc, nhét 1a nguoi gia suy nhugc, tré em coi coc cham 1on.... Mat khac
c4 diéu hong nhiéu chat khoang, vitamin va nhiéu nguyén t6 vi luong nhu kém, dong,
canxi,... La loai c4 cho ning suat cao, san phdm giau dinh dudng, nén ca diéu hong la loai
c4 dugc moi ngudi wa chudng. Chinh vi vy, trong nhitng ndm qua nganh nudi trong thuy
san nudc ta, trong d6 ¢6 nudi ca diéu hong phat trién manh mé& va trd thanh mot nganh kinh
té quan trong, c6 dong lyc 1on trong viéc thuc déy va phat trién kinh té [3].

Trong co thé nguoi, mangan (Mn) duy tri mdt s6 men quan trong va ting cudng qua
trinh tao xwong, can cho qua trinh tong hop protein, lam giam lugng duong trong mau
tranh khoi tiéu duong. Ngoai ra, mangan con kich thich chuyén hoa chat béo, giam

! 'Nhan bai ngay 14.01.2017; chinh stra, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Nguyén Mau Thanh; Email: Thanhhk18@gmail.com
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cholesterol gop phan ngin nglra xo vira dong mach. Tuy nhién, néu ham luong mangan
vuot mirc cho phép sé& dan dén hién tuong ngd doc, giy r6i loan than kinh véi biéu hién
rung giat kiéu Parkinson [7]. Bén canh dé, kém (Zn) la nguyén t vi lugng déng mot vai
trd quan trong trong qua trinh tong hop, cau trac, bai tiét nhiéu hormon va dic biét rat quan
trong ddi véi tuyén tién liét. Trong tuyén tién liét manh khoe va trong dich cta tuyén tién
liét tiét ra déu chua rat nhiéu kém. Ham lugng kém & tuyén tién liét 1a nhiéu nhét so voi
céc tuyén khac. Viéc thiéu kém co thé gy phi dai tuyén tién liét va viém tuyén tién liét,
cung nhiing thay d6i khac ¢ tuyén sinh duc quan trong nay [6].

Nhitng ndm tro lai ddy, tinh trang suy giam nguon loi thay hai san tré nén dang bao
dong, trong khi d6 nhu cau tiéu ding cia ngudi dan ngay cang 16n. Chinh vi thé, & Quang
Binh d4 xuét hién nhitng viing chuyén nudi va cung cap thily san ra thi truong, trong d6 c6
phuong Béic Nghia. Bic Nghia 1a mot phudng thude thanh phd Dong Héi, theo thdng ké
ctia phuong thi tinh dén nam 2016, trén toan phuong c6 dén 66,8% dién tich dat nong
nghiép. Cac ho dan chii yéu tap trung nudi ca diéu hong, nhung kiém soat vé chat lugng thi
chua dang dugc quan tam.

Phuong phép phan tich quang phd hip thu nguyén tir 1a mot phuong phép phan tich
hién dai da va dang dugc tmg dung rong rii dé xac dinh ham lugng cac nguyén td vi lugng
trong cac déi tuong mau nhu: mau quéng, mau nudc, thuc phém, duoc phém,...[Z]. Vi vay
viéc xac dinh, danh gia ham luong mangan va k&m trong ca diéu hong nuéi ¢ khu vuc
phuong Bic Nghia, thanh phé Dong Hoi, tinh Quang Binh 1a viéc 1am rét can thiét va co
v nghia.

2. THU'C NGHIEM

2.1. Thiét bi va héa chét

Cac 6ng nghiém, cde thiy tinh chiu nhiét, binh dinh muc; Can phan tich, bép dién,
may xay, bo dao md y té; Cac micropipette Eppendorf va dau hut. May quang phd hap thy
nguyén tir Zeenit 700P cta hang Analytik Jena (Puc).

Céc hoa chat sir dung c6 do tinh khiét PA hang Merck cuia Dirc: Dung dich chuan gbc
mangan (1001 = 2 ppm) va kém (1000 + 2 ppm) chuyén dung cho phép do AAS; axit
HNO; va MgNO, dic, nude cat hai 1an.

2.2. Chuan bi miu

Mau c4 diéu hong (DH) duoc lay ¢ 8 ao nudi ctia 8 ho dan trong 4 to dan phd tai
phuong Bic Nghia, thanh phd Pong Héi. Cac ao dugc lya chon dé 1dy mau 1a nhiing ao
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dang dugc dung thudng xuyén cho viéc nudi ca diéu hong va dat hiéu qua cao. Mau ca
dugc ky hiéu 1a DHj;, trong d6: i = 1 + n (tht tw dot ldy mau), j = 1 + m (vi tri iy mau).

Céac mau ca duge lay vao 2 dot (dot 1: 05/12/2016 va ca di nudi trung binh duoc 5
thang tudi, dot 2: 02/1/2017). Mdi dot gdm 8 mau duoc phan loai theo kich ¢& tir nho dén
16n theo chiéu dai, can niang ciia c4, mdi mau gém 2 + 7 c4 thé, lay theo phuwong phép t6
hop. Ca diéu hdong dugc ldy ¢ trang thai sdng rdi chuyén ngay vé phong thi nghiém va
duge xur 1y so bd trude khi tién hanh phén tich cac chi tiéu: Rira sach va trang bang nudc
cét, sau d6 dung dao inox tach liy phan thit. Miu duoc xay nhuy@n, cat trong tii lanh sau &
nhiét do -20°C néu chua tién hanh phan tich ngay [6], [8].

2.3. Phuwong phap phan tich

Nghién ciru tap trung vao sir dung phuong phap phan tich mangan va kém trén thiét bi
quang pho hap thu nguyén tir. Vi dung dich phén tich dugc xir Iy bang k¥ thuat xtr Iy mau
w6t (pha mau bang hon hop HNO; va MgNO,). Quy trinh xir Iy mau, phan tich mangan va
k&m trong thit ca di€u héng dugc thuc hién theo cac budc nhu Hinh 1:

CcaDH | Ruasach Thit | Ruasach CaDH Can
tvoi song |Phau thuat | CADH | Xaymin | ddng nhat 2+5g
+ 5 ml HNO;3 dac
+ 5 ml MgNO: 5%
+ Dun nong
Két qua Do trén mdy | Dungdich | + 1mlHNO:; dic Dung dich
phan tich F-AAS phintich |  Dinhmbc50ml| trong suot

Hinh 1. Quy trinh xir I mau, phdn tich Mn va Zn trong thit cé bang phwong phdp F-AAS

Ap dung k¥ thuat phan tich quang pho hap thu nguyén tir v6i dung dich phén tich thu
duoc tr k¥ thuat pha mau uét va chép nhéan nhiing diéu kién hoat dong cua thiét bi da dugc
cong bd [2], nhu néu ¢ Bang 1.

Bang 1. DPiéu kién do F-AAS xdc dinh mangan va kém

Théng sb Mn Zn
Budc song (nm) 279,5 2139
Khe do (nm) 0,2 0,5
Cuong d6 dén (mA) 7 4
Chiéu cao burner (mm) 5 6
Hdn hop khi dét KK-C,H, KK-C,H,
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Pé xac dinh ham luong ctia mot nguyén td trong mau phén tich theo phép do F-AAS
chung t6i thyc hién theo phuong phap duong chuan. Lay mot thé tich xac dinh ¢ dung dich
mau pha lodng theo cac hé sd pha lodng phu hop voi mangan va kém nhu khi khao sat so
bd ham lugng ciia chiing trong mau ca diéu hong, roi tién hanh do d6 hip thu quang cua
dung dich do.

3. KET QUA VA THAO LUAN

3.1. Xay dung dwong chuin, khao sat giéi han phat hién, giéi han dinh lwong

Puong chuan xac dinh ham luong mangan va kém dugc thé hién trén Hinh 2. Ddi vai
mangan phuong trinh ¢6 dang: Ay, = 0,2467 C + 0,0018, véi kém phuong trinh c6 dang:
Az, =0,459 C + 0,0021, trong d6 C 1a néng d6 (mg/L).

0.24

0.30 0.22 .-.
2025 o 920 o
2 0% - < 014 .
¥ 0.15 o = 0.12
& S 010 *
<= 0.10 d eMn & 008 e7n
2 005 o <004 L4
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& R 002 W
0.00 000
0.0 05 1.0 -0.1 0.1 0.3 0.5
Noéng dé (mg/L) Néng d¢ (mg/L)

Hinh 2. Puong chudn xdc dinh ham hrong mangan va kém

Pé xéc dinh gidi han phat hién (LOD) va d6 nhay ctia phuong phép, chung t6i ap dung
theo quy tic "36" [5]. Theo quy tic nay, gidi han phat hién duoc tinh nhu sau: y =y, + 36
hay y = yp + 35y,

Trong d6, y 1a gi6i han phat hién hodc tin hiéu Gmg véi gidi han phat hién. Biét tin hiéu
y s& tinh dugc gidi han phat hién tir phuong trinh duong chudn y = a + bC do d6 LOD = (y
— a)/b). Trong d0, yp 12 ndng d6 hodc tin hiéu miu tring; oy (hodc Sy) 1 d6 1éch chuén cia
néng do hoic tin hiéu mau tréng. Co6 thé xac dinh yb va Sp nhu sau: tién hanh thi nghiém dé
thiét 1ap phuong trinh duong chuan y = a + bC. Tir d6 xac dinh y, va S, bang cach chap
nhédn yy, 1a gid tri cia y khi C =0 thi y =a va S, = S, theo cong thirc sau [5]:
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O day, y; 1a gid tri thyc nghiém cua y va Y; 1a cac gid tri tinh tir phwong trinh duong
chuan cua y. Tir phuong trinh dudng chuan, bién doi ta s& tinh dugc LOD theo cong thirc
sau: LOD = 3S,/b.

O day, b 1a @6 dbc ciia duong chuan hoi quy tuyén tinh va b ciing 1a do nhay coa
phuong phap: b= AA/ AC.

Pé tinh duoc gidi han dinh lugng (LOQ) cua phép do, ching tdi sir dung cong thirc
sau: LOQ = 10S,/b = 3,3 LOD. Két qua tinh toan LOD va LOQ ciia phuong phap duoc
trinh bay ¢ Bang 2.

Bang 2. Cac gid tria, b, S,, LOD, LOQ tinh tir phwong trinh duong chudn A=bC + a

Cac gia tri
a b Sy R LOD LOQ
Kim loai (mg/L) (mg/L)
Mn 0,0018 | 0,2467 | 0,002 0,9997 0,029 0,097
Zn 0,0021 | 0,459 0,003 0,9996 0,017 0,057

Tir Bang 2 ta thdy, giéi han phat hién, giéi han dinh luong cta phép do F-AAS dinh
lugng ham lugng mangan va kém da dugc xac dinh. LOD xac dinh Mn 1a 0,029 mg/L va
Zn 13 0,017 mg/L; LOQ x4c dinh Mn va Zn lan luot 13 0,097 mg/L va 0,057 mg/L.

3.2. Danh gia d¢ lap lai va d¢ ding cua phép do

Do lap lap lai dugc xac dinh qua do léch chuén (S) hay d6 léch chuén tuong ddi
(RSD). Tién hanh phan tich 4 mau ca thu duge ¢ 4 t6 dan phé, roi 1an luot thém chuin
mangan va k&m vao 4 miu d6. Két qua cho thiy, phuong phap F-AAS khi phan tich mau
c4 dat d6 lap lai tuong dbi tot RSD < 4,16% d6i v6i mangan va RSD < 2,19% ddi voi kém.
Nhu vay phuong phap F-AAS dat dugc do 1ap lai tdt khi xac dinh mangan va kém trong
thit c4 diéu hong.

Do dung cua phuong phap phan tich mangan va kém bat ky dugc xac dinh thong qua
C,-C

d6 thu hoi (Recovery) theo cong thirc [5]: Rev(%) = x100. Trong d6, Cy 1a ndng

d6 chét phan tich duogc thém vao trong miu that; C; 1a ndng d6 chat phan tich trong mau
that; C, 12 ndong do chat phan tich trong mau that da dugc thém chuan. Két qua phuong
phap xac dinh ham lugng mangan va kém c6 do thu hoi giao dong tir 94,52% dén 103,37%
1a hoan toan chap nhan dugc. Vay, phuong phap F-AAS c6 thé sir dung xac dinh mangan
va k&m trong cic mau thit ca diéu hong.
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3.3. Xac dinh ham lwgng mangan va kém trong c4 diéu hong

Tir nhitng két qua nghién ciru phan tich & trén, ching toi ap dung theo cong thirc:
Co (a=b)d, x50

m

dé tinh va biéu thi két qua ciia mangan va kém trong cac mau thuec.
Trong d6: a 1a ndng d6 trong dung dich phan tich; b 1a ndng do trung binh trong dung dich
trang; drla hé s6 pha lodng; m 1a khéi lugng cia mau phan tich.

Két qua xac dinh ham luong cia mangan va kém trong 16 miu ca diéu hong nudi &
cac ho dan thude khu vuc phudng Bic Nghia thanh phé Dong Héi tinh Quang Binh dugc

thé hién & Bang 3.
Bang 3. Két qua xdc dinh ham lwong Mn va Zn trong thit cé diéu hong
Ham luwgng kim loai (mg/kg)
Vi tri 1dy méu Mn Zn

Pot 1 bot 2 Pot 1 Dot 2
DH-VT, 1,820 1,501 12,263 13,025
DH -VT, 0,953 1,085 4,016 5,225
DH -VT; 0,806 0,798 2,821 2,603
DH-VT, 2,056 1,983 7,634 7,583
DH-VT 0,940 1,372 3,171 4,093
DH-VTg 1,017 0,960 3,902 3,714
DH -VT, 0,882 0,928 2,626 2,883
DH -VT 1,532 1,573 6,210 6,058

Trung binh 1,263 5,489

Tir két qua & Bang 3 cho thidy ham luong mangan va kém trung binh trong ca diéu
hong 1a: 1,263 mg/kg tuoi dbi voi Mn; 5,489 mg/kg twoi ddi voi Zn va nam trong pham vi
céc tiéu chuan cho phép an toan thuc phim cta Bo Y Té - 46/BYT 2007 [1]. Két qua nay
1a mot trong nhimng co sé khoa hoc cho thiy, ca diéu hong nudi ¢ khu vuc phuong Bic
Nghia c6 kha ning bd sung cac nguyén té vi lugng mangan va k&m.

3.4. Panh gia ham lwong Mn va Zn trung binh trong c4 diéu hong theo thoi
gian va khong gian

Dé danh gia ham lugng trung binh ciia mangan va k&m theo vi tri v6i thoi gian iy
mau (tirc theo khong gian va thoi gian) ching t6i ap dung phuong phap Anova 1 chiéu [4].
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Tir két qua thu duoc, chung t6i biéu dién ham lugng trung binh ctia mangan va k&m qua
Hinh 3. Dung chirc ning Data Analysis trong Microsoft Excel 2010 dé dénh gia su khac
nhau vé ham luong cac kim loai giira hai dot 1dy mau, thu dugc cac két qua & Bang 4.

=R
o N b

H Mn

Zn

diéu hdng (mg/kg)

Ham lwgng Mn va Zn
trung binh trong thit ca
o N B OO

Vi tri ldy mu

Hinh 3. Két qud ham heong trung binh ciia Mn va Zn trong 16 mdu cd ¢ 8 vit tri

Bang 4. Cac gia tri thé'ng ké so sanh F u, va F ping

. . . D@ léCh Fbéng
Kim loai Min Max chuin S) Fion P (Ferit)
Mn 0,798 | 2,056 0,429 0,012 | 0,915 4,600
/n 2,603 | 13,025 3,247 0,036 | 0,853 4,600

Tu Bang 4 ta théy, v61 P > 0,05 va Finn < Fuang thi khong co6 sy sai khac va khong c6 y
nghia vé sai khac. Hay noi cach khac, ham lugng mangan va kém trong mau ca diéu hong
& hai dot 1dy mau khong khac nhau vé mat thong ké.

Nguyén nhan cua sy khong khac nhau & trén ¢ thé giai thich do thoi gian lay miu gan
nhau nén kich thudc va khdi luong ca diéu hong thay ddi khong dang ké. Mat khac dia
tang, cach nudi va cac chi tiéu nude trong hd & day kha 6n dinh.

4. KET LUAN

Phuong phap F-AAS 1a phuong phap thich hop dé xac dinh ham lwong mangan va
kém trong cac mau thit ca diéu hong. Két qua cho thdy, phép xac dinh c6 gia tri gidi han
phat hién thap, d6 dung va do lap lai tot.

Két qua phén tich cic mau ca diéu hong nudi ¢ khu vuc phudng Bic Nghia thanh phd
Pong Héi tinh Quang Binh cho thay ham luong mangan va kém lan lugt trong khoang:
0,798 + 2,056 mg/kg tuoi va 2,603 + 13,025 mg/kg tuoi.
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D3 tién hanh danh gia su bién dong ham lwong mangan va k&m trong thit ca diéu hong
theo thoi gian va vi tri Jdy mau. Két qua cho thay ham lugng mangan va kém & hai dot 1ay

mau khong khac nhau vé mit thong ke.
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DETERMINATION THE MANGANESE AND ZINC
CONTENT IN RED TILAPIA (OREOCHROMIS SP.) AT BAC
NGHIA WARD, DONG HOI CITY, QUANG BINH PROVINCE

Abstract: The flame atomic absorption spectrometry (F-AAS) is applied to determine the
maganese and zinc content in Red Tilapia (Oreochromis sp.) at Bac Nghia ward, Dong
Hoi city, Quang Binh province. This method has high repeatability with RSD < 4.16%,
the recovery from 94.52 % to 103.37%, low limit of detection. This result shows that the
average maganese and zinc content in Red Tilapia is (0.798 +~ 2.056 mg/kg fresh and
2.603 =+ 13.025 mg/kg fresh) and within the allowed limits according to the regulation No.
46/BYT 2007.

Keywords: Red Tilapia, maganese, zinc, AAS method
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NGHIEN CUU XAY DUNG BAN PO BUGHE
KHU VUC THEM LUC DIA VIET NAM

Duwong Thi Hoai Thu'
Truong Pai hoc Tai nguyén va Moi truong Ha Noi

Tém tdt: Trong bai bdo nay, ching t6i xdy dung ban do Bughe khu vic thém luc dia Viét
Nam voi ti 1¢ 1:200.000 trén co so viéc gidi bai toan thudn theo phwong phap gidi tich
tinh hiéu iing trong e gdy ra boi cdc lang tru thang dimg. Két quad thu dwoc c6 y nghia
trong viéc xdc dinh phong khu vee réi tir d6 xdc dinh phan triong die gdy ra béi mét sé
bé tram tich thudc thém luc dia Viét nam. Chuong trinh tinh toan dwoc viét b&ng cdc
ngon ngit Fortran va Matlab.

Tir khéa: Ban do Bughe, hiéu iing trong luc, truong du, bé tram tich.

1. MO DAU

Pia Vat 1y thim do 14 linh vuc khoa hoc nghién ctru vé Trai dat. Co rat nhiéu phuong
phép dia vat ly dugc sir dung rong rai trong tham do nhu: phuong phéap tham do trong luc,
phuong phap tham do dién, phuong phap phong xa.... Dya vao viéc nghién cuu truong
trong lyc va trudng tir ciia trai dat théng qua cac phép do dugc tién hanh trén mit dat, trén
bién, trén khong... gitip viéc nghién ciru trai dat duoc rd rang hon, gitip ta kham pha dugc
hinh dang va cAu tric vo trai dét, tim kiém cac mo khoang san phuc vu cho su tdn tai va
phat trién cua nhan loai.

Trong nhiing nim gan ddy, v4i su phat hién ra dau trong ¢4 mong tai cac bé trim tich
thudc phﬁn Bién Pong, ngoai viéc xac dinh d6 sau tdi mong két tinh, viéc nghién clru ciu
trac ciia nd ma trude hét 1a nghién ctru sy phan bd di thuong Bughe dic biét tré nén quan
trong va thu hat sy quan tdm cta nhiéu nha Dia vat 1y trong nudc.

Dé gop phan giai quyét van dé nay, ching toi da tién hanh xay dung ban d Bughe ti
1€ 1:200.000 trén co s& vi€c giai bai toan thuan theo phuong phéap giai tich tinh hiéu tng
trong lyc gdy ra boi cc liang try thang dung. Chuong trinh tinh toan dugc viét bang céac
ngon ngir Fortran va Matlab.

! 'Nhan bai ngay 11.01.2017; chinh stra, giri phan bién va duyét ding ngay 20.3.2017
Lién h¢ tac gia: Duong Thi Hoai Thu; Email: dththu@hunre.edu.vn
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2. XAC PINH DI THUONG TRONG LUC CUA VAT THE 3D CO DANG
HINH LANG TRU PUNG
Su thay ddi ctia mat do du theo do siu co thé Xép Xi béng mot ham bac hai [1] :
c(z)=ay+a;z+ a2’ (D)

Trong d6 z 1a d6 sau; a;, a, la cac hé $b suy giam; ag la mat do du cua 16p trAm tich bé
mit. Dé xac dinh di thuong trong luc, bé tram tich duge chia thanh céc lang tru dat cach
nhau & phia dudi mdi diém quan sat, c6 do rong bang khoang cach giita cac diém quan sat
va ¢6 chiéu cao béng d0 siu ctia bé trAm tich tai diém do.

T
o/P 2’1 / —> X

Hinh 1: Mo hinn lang ru 3 chieu.

Di thuong trong luc ctia mdi lang tru duoc xé4c dinh theo cong thire sau [2]:

den=r [ [ [ cELbdd @

3
- r
z=Z) y=-W x=-1

& day f 1a hang s6 hap dan; Z;, Z, tuong tng la d6 su dén dinh va day cua lang tru. T va
W tuong tng la nira bé rong cua lang tru theo cac truc x va y. Két qua cua viée tinh tich
phan nay sau khi thay o1z) tir cong thirc (1) la:

XY X. R-Y Y. R-X
de(x,y)= fa zarctg —+—In +—In——|%= |2 |~
g(x7)=fal | | SR 2 T Rey 2 RxIalEil=A
+Hay| | | iarct g—X—zarct Yz (3)
: 2 TR T M g
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3. XAC PINH DI THUONG TRONG LUC CUA BE TRAM TiCH

Dé xac dinh di thuong trong luc, bé trAm tich duoc chia thanh céc lang tru dat cach
nhau ¢ phia dudi mdi diém quan sat, c6 do rong bang khoang cach giita cac diém quan sat
va ¢ chidu cao bang do sau ciia bé tram tich tai diém d6. Di thuong trong luc gdy ra boi bé
tram tich duoc tinh bang cach iy tong di thudng trong luc cia tat ca cac lang try nay.

Ta nhan thay rang cong thirc (3) rat phic tap. Khi tinh di thuong trong luc ctia bé tram
tich néu di thuong cta tt ca cac ling try déu dugc tinh theo cong thirc nay thi s& ton rat
nhiéu thoi gian tinh trén may. Dé khic phuc kho khin nay, V.D.Braskara Rao dé nghi sir
dung cong thirc gan dung sau day dé tinh di thudng cia cac lang try ndm xa diém quan sat.
Cong thirc nay dat duoc khi x4p xi hiéu tng cta ling try bing mot thanh vat chit thang
dtng dat tai tam cua lang try.

Z,

2x2 +2y% 422
dg(x,y)ZfagAxAy+fa2AxAy|( al 1;} )

4)

z=7;

ap 14 mat do du ciia 10p tram tich bé mit; a; 1a hé s6 suy giam. R =./x* + y* + 2> con Ax, Ay
tuong tng 1a khoang cach gifta cac diém quan sat theo cac truc x va y. Cubi cung, di
thuong trong luc cta bé tram tich dugc xac dinh theo cong thuc sau:

M N

g =2, D dglxy) 5)

i=1

VéiM la sb lang tru dugc chia theo truc x; N 1a ) lang tru dugc chia theo truc y.

4. XAY DUNG BAN PO BUGHE KHU VUC THEM LUC PIA VIET NAM

Ban dd Bughe khu vuc thém luc dia Viét Nam va ving Bién bong ké can trong pham
vi vi d6 tir 4.5 dén 23.5"; kinh d6 tir 100 dén 118 dd dugc xay dung dya phwong phap xac
dinh di thuong trong lyc trinh bay ¢ trén va dua trén co s& ban dd di thuong Fye ti 1&
1:200.000 cua vung nay (Hinh 2.a).

Tht tu cac bude tinh toan dé xay dung ban dd duge thuc hién nhu sau: Tinh hiéu
chinh trong luc cua 16p nudc bién dua vao ban dd do sau day bién (hinh 2.b). Tinh hi€u
chinh trong lyc giy ra boi cac khoi dat da nim cao hon myc nude bién dya vao ban do do
cao dia hinh (hinh 2.b).

Xay dyng ban do Bughe bang cach cong di thuong Fye thu dugc tai mdi diém véi cac
hiéu chinh ké trén thu duoc tai chinh diém quan sat d6. Khu vyc nghién ctiu dugc chia
thanh mang ludi 6 vudng co kich cd Ax= Ay =2km ; Ca khu vuc nghién cttu dugc chia
thanh 990 x 1045 lang tru. Hiéu mg trong luc tai mdi diém dugc tinh bang cach lay tong
hi€u Umg trong lyc cla tat ca cac lang tru trén. Hiéu tmg trong luc ctiia mdi ling tru duoc
tinh theo cong thie (5). Két qua tinh toan duoc trinh bay 1an luot trén cac hinh 3a, b.
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Hinh 2: @) Bdn ydé‘ di thu’o‘?'tg Fyetil¢ I: %00. 000 khu vuc {hém luc dia Viét Nam
va vung Bién Dong ké can; b) Ban do dia hinh ddy bien ti lé 1:200.000
khu viee thém luc dia Viét Nam va ving Bién Dong ké can.
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Hinh 3: a) Bdn dé hiéu chinh dia hinh day bién ti 1é 1: 200.000 khu viecthém luc dia Viét Nam
va vung Bién Péng ké can; b) Ban do di thuong trong luc Bughe ti [¢ 1: 200.000
khu viee thém luc dia Viét Nam va vang Bién Déong ké can.
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So v6i két qua tinh truong di thuong trong luc Bughe Bién Pong ciia chuong trinh
diéu tra nghién ctru bién cip nha nudc KC-09-02 (hinh 4) ta thiy ban do trudng trong luc
Bughe thu duoc theo phuong phap tinh hiéu chinh cia timg ling tru ké trén (hinh 3.b) ¢6
két qua kha phu hop. Truong trong lyc trén Bién Pong nhin chung ¢6 cau trac rat phirc tap
va phan di, né c6 huéng cau trac ap ddo 1a Pong Bac-Tay Nam va kinh tuyén, dic biét 16
1a mot loat dai bat thuong bac thang voi bién d6 hang trim mgal kéo dai hang nghin km
theo hudng Bic va Pong Bic.

Cac dai bat thuong bac thang 16n chay song song va tao thanh timg nhém quan sat
thiy & cac khu vyc sau: Huéng Pong Béc gom c6 dai chay qua phia Ty Bic quan dao
Hoang Sa 1én dén gan Pai Loan. Dai chay ven bd bién cac dao Kalimantan va Palawan. Ba
dai chay doc theo ving trung tim Bién Dong. Mot dai chay men theo phia Tay Bic quan
dao Truong Sa. Hudng kinh tuyén noi bat 1én 2 dai bat thuong bac thang chay doc theo ven
bién Trung Bo Viét Nam va mot dai chay song song ven bién phia T4y Philippin.

Cac nhom bat thuong bac thang (gradient) huéng TAy Bic — Pong Nam (cit ngang
truc Bién Pong) va hudng vi tuyén déu thiy thé hién 16 nhung bién do khong 16n va do dai
han ché, bi dut doan do sy dan chéo voi nhitng dai gradien hudng chi dao Pong Bic-Tay
Nam. Noi bat trong nhom nay 14 nhitng dai gradien hudng vi tuyén ¢ phan Dong Bic ciia
Bién Pong, dai bt thudng bac thang hudng vi tuyén chay tir phia Nam dao Hai Nam qua
khu vic trung tim Bién Pong sat trén vi d6 16 N. Dai bat thuong bac thang nim & phia
Nam quin dao Trudng Sa trai theo vi d6 6 N va mot sb dai bat thuong hudng vi tuyén &
phan phia Pong cta Bién Pong cat vudng goc voi dai gradien hudng kinh tuyén & ven bién
Philippin. Cac bat thuong bac thang hudéng Tdy Bic — Pong Nam bién do khong 16n,
thudng bi gian doan va bién dang khi cét qua nhiing dai 16n c6 huéng Pong Bic ¢ suon va
trung tAm cta Bién Pong.

Nhiing viing c¢é cdu tric ctia truong binh 6n twong ddi so véi cac ving ria va trung tim
ctia Bién Dong 1a cac khu vuc trén thém luc dia Pong Nam Trung Qudc. Phan Dong Bic
tir vi do 2 N tro 18n, toan bd vung vinh Thai Lan va thém luc dia bong Nam cua Viét Nam
va Bic Indonexia ¢ vé phia T4y cua dai Gradien kinh tuyén 109" — 110" E. O c4c ving néi
trén gia tri bat thuong Bughe bién d6i trong gidi han tir £10, £20 dén +50, +60 mgal, mot
s6 viing truong van cé gia tri Am c& vai ba chuc mgal. Birc tranh cac bat thuong bién dong
tir tir, khong ¢ nhiing dai gradien manh kéo dai, hudng cau tric thé hién tuong d6i rd nhu
0 cac vung vinh Thai Lan, thém luc dia bong Nam Viét Nam va thém luc dia phia Bic
Indonexia.

O ving quan dao Hoang Sa trudng trong lyc co ciu trac twong ddi phtrc tap, phan di
thanh cac bat thuong dang hep kéo dai. Hudng ciu tric & Hoang Sa ap ddo 1a hudng vi
tuyén. O quan dao Hoang Sa gia tri trong luc Bughe bién doi tir +30 dén +120 mgal. Céac
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vung ria phia Ty Béc, Nam va phia Pong déu c6 cac dai bit thudng gradien 16n bao boc.
Vung trung tim Bién Pong kéo dai theo phuong Pong Bic c¢6 dic diém céu trac cua
truong trong luc khac hin va kha dic trung, gia tri bat thuong Bughe rt 16n, bién dbi trong
gidi han tir +200 dén +300, +320 mgal. Toan bd ving nay gidi han boi cac dai bat thuong
béc thang bién do rit 1én gdm cac duong ding mirc chay sit nhau. Bén trong cta ving ciu
trac truong twong ddi binh 6n tao nén mot sb bat thudng nhoé va ¢ dang khéi déu dan. O
phia Pong Béc hinh thanh mot dai bt thuong bac thang cét theo hudng vi tuyén va Tay
Bic - Pong Nam.

Hinh 4: Truong di thuong trong luc Bughe Bién Pong ti 1¢ 1:1.000.000
(Nguon Vién Dia chat va Dia Vit ly bién).

Céc vung phia dong thém lyc dia mién Trung Viét Nam va phia Péng Bic quin dao
Hoang Sa trudng trong luc c¢6 cu truc phtc tap nhit do hién twong dan chéo cua cac dai
gradien manh theo nhiéu hudng khac nhau. O ddy cac duong dang tri trong luc bién dbi dot
ngot, phirc tap tao nén buc tranh phan di khong thé hién rd hudng cAu trac chu dao. Vung
thém phia Tay Bic d4o Palawan ciing 12 noi dan chéo cua cac dai bit thuong gradien theo
3 hudng khac nhau: Pong Bic, kinh tuyén va vi tuyén, tao nén mét birc tranh bat thuong
phirc tap. Gia trj bat thuong Bughe & cac ving nay bién dbi tir +50 mgal dén +180, +200
mgal. Cung véi cac ving quan ddo Trudng Sa va Hoang Sa cac ving bit thuong trén day
tao nén mot dai chuyén tiép bao quanh ving trung tim, c6 dic diém cau trac phic tap va
gi4 tri bt thuong tuong ddi 16n, bién ddi trong gisi han kha rong.
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5. KET LUAN

Chung t6i da xay dung thanh cong ban dd Bughe khu vuc thém luc dia Viét Nam ti 1&
1:200.000. So v&i cac ban dd Bughe di co, ban do Bughe do chung toi xay dung dya theo
viéc tinh hi€u Gng trong Iyc cua tung lang tru c6 ti 1€ 16m hon va c¢6 do chinh xac cao hon.
Day 1a co sd quan trong trong viéc xac dinh phong khu vuye ri tir d6 xac dinh phan truong
du gay ra boi mot s6 bé tram tich thudc thém luc dia Viét Nam.

TAI LIEU THAM KHAO
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STUDY ON DESIGNING BUGHE MAP OF VIET NAM’S
CONTINENTAL SHELF

Abstract: In this study, we built the Bughe map of Vietnam continental shelf with scale of
1: 200.000 basing on the solution of the analytic problem on the effects of gravity which
caused by the vertical cylinder. The results are significant in determining the regional
background and thereby determining the residual gravity caused by a number of
sedimentary basins of the continental shelf of Vietnam. Calculation program is written in
Fortran and Matlab languages.

Keywords: Bughe map, effects of gravity, residual gravity, sedimentary basins.
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NHUNG BIEN DOI HINH THAI CUA CAY LUA XUAT HIEN

TRONG HAI THE HE DAU DUGI TAC DPONG CUA
CAC TAC NHAN GAY DOT BIEN

Nguyén Nhu Tofml(l), Hoang Quang Minh®
"Trieong Pai hoc Thii dé6 Ha Néi
’Vién Di truyén Nong nghiép

Tém tdt: Chon giong dot bién la mét trong nhu’ngphu"angphap hitu hiéu doi vm cay lia
noi riéng va cdy nong nghiép noi chung. Thong qua viéc chzeu xa tia 7(nguon co ) va xw
Iy hod chat hod chdt nitrozoethyle urea (NEU) lén 3 giong hia khdc nhau vé nguon goc
(IR-64, A-20 va Nép 1) cho thdy: tan sé va phé xudt hién cdc bién di hinh thai phu thuge
rat nhiéu vao tinh dac hiéu ciia chat gay dot bién, liéu luong sur dung, ciing nhu thugc
tinh di truyén cia timg loai giong dwgc xir 1y,

M6t vai bién di hinh thai da thdy xudt hién ngay & thé hé M, sau khi xi Iy dot bién (nhu:
hat 6 rdu; vé trau bién tir mau vang rom sang mau ndu sam, hodc lam thay doi thoi gian
sinh truong cia cdy lia). Con lai, phan I6n nhimg bién doi vé hinh thdi va thé chdt cdy
lia, thu nhdn duwoc tai thé hé m, (td‘n suat xudt hién dat t6i 31,5 + 3,09% véi trén 20
chiing loai khdac nhau). ddy la nguon vat liéu khéi dau da dang va phong phii, rat hiru ich
cho céng tac chon tao giong mdi tiép theo.

Tir khod: dot bién, hinh thdi, xit Iy, giong hia

1. PAT VAN DE

Tuy 1 mot nude dimg thir ba trén thé giéi vé xuat khau lua gao, song ning suat lua &

Viét Nam so v6i cac nudc khac con qua thap. Chat luong gao thuong pham chua dap tng

dugc nhu cau mai cua thi trudng trong nude, cling nhu xuat khau.

Tai cac tinh phia Béc, cho dén thoi diém hién nay van chua c6 duoc bd gidng lua phuc

vu cho chuong trinh san xuat "lua hang hoa va lua xuat khau". Mac du trong san xuat dang

ton tai nhidu gidng laa dic san, gidng laa chat lwong cao, gao ngon, ¢6 kha ning thich ing

rong, nhung thoi gian sinh truéng con dai va cho nang suat qua thap (khodng 2 tan/ha/vu).

) Nhan bai 3.3.2017; chinh sira, giti phan bién va duyét dang ngay 20.3.2017
Lién hé tac gia: Nguyén Nhu Toan; Email: nntoan@daihocthudo.edu.vn
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Mot sb giéng lia nhép ndi co tiém nang nang suit cao, nhung chua dugc chon lgc, hoan
thién, nén thuong nhiém sau bénh, chua thich ung rong voi diéu kién canh tac va méi
truong sinh thai, thuong cho niang suat khong 6n dinh.

Trén nén tang cua di truyén hoc hién dai, két hop v6i cac phuong phap chon gidng
truyén thong, chung t6i dang timg budc tién hanh chon tao, phuc trang cac giéng lua dic
san, gidng laa chat lugng cao dé gop phan cai thién viéc san xuit lta gao & nudc ta trong
thoi gian toi, dap tmg nhu cau btic bach cua thuc té san xuat, nhat 1a ¢ cac tinh ving chau

th6 song Hong.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu

+ Str dung 3 gidng lua co gia tri thuong pham cao (IR-64, A-20 va Nép Iy) lam vat lidu
thi nghiém. trong d6, gidng IR-64 1a giéng nhap ndi, giéng 4-20 dugc chon tao trong nude
va Nép Iy 1a gidng lta dic san co truyén.

+ T4c nhan gy dot bién: ria y (ngudn co®) va n-nitrozoethyle urea (NEU).

2.2. Phuong phap nghién ciru

Tir 3 giéng lGa trén chon 18 mau, mdi mau 500 hat (3 lan nhdc lgi), dem ngam vao
nudc am (khodng 40°c) trong 20 gid rdi vot ra rira sach dé dua xur 1.

+ Chiéu xa hat lta (& trang thdi hat wét): qua trinh chiéu xa tia y (nguon co™) 1én hat
laa dugc tién hanh tai trung tam chiéu xa qudc gia cau dién.

+ Xu ly hoa chit (0 trang thdi hat wot): cac hoa chit duoc hoa tan viao nudc cat
(PH=7) & nhiét d6 25° thanh 3 ndng d6 0,02; 0,04; 0,06%. chon 9 mau tir 3 giéng di dugc
ngam nudc dé ngdm tiép vao cac dung dich hod chat da chuan bi sin. thoi gian xir 1y 1a 18
gi0, sau d6 dem ra rua sach ¢ voi nudc trong mot gio, roi dua vao ta Am vaéi nhiét d6 28°%
deé u.

+ Trong phong thi nghiém:

— Panh gia mic do tic dong cua tic nhan gy dot bién 1én qué trinh sinh trudng va
phat trién cua hat Ita sau khi xir 1y.

— Nghién ciru, phan 1ap nhing bién dbi vé sinh 1y, hinh thai..., cdy laa qua hai thé hé
sau khi xtr 1y.

+ Ngoai dong rudng:
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— Theo ddi qué trinh sinh trudng va phat trién ciia cay lta & cac cong thirc thi nghiém,

xac dinh cac dang bién di phat sinh theo cac chi ti€u ndng-sinh hoc.
— Chon loc céc ca thé dot bién theo cac tinh trang can thiét.

+ Ap dung toan thong ké dé xir Iy cac s6 lidu thu dugc.

3.KET QUA VA THAO LUAN

3.1. Tac ddng ciia tac nhan giy dot bién 1én hat lua sau khi xir ly.

Céc tac nhan gay dot bién, hau hét déu tac dong c6 hai cho qua trinh sinh truong va
phat trién ciia cdy trong ngay sau khi xir 1y, trong dot bién cam ¢mg. Pay chinh 1a mot
trong nhitng biéu hién dic trung, danh gid hiéu qua cua phuong phap dot bién thyuc
nghiém. do d6, viéc theo ddi, nghién ciru nhimng bién dong cia cdy lia trong sudt qua trinh
nay 1a rat can thiét. trong sd cac chi tiéu ndng - sinh hoc chinh, ching toi da chi y trudc hét
dén 3 chi tiéu quan trong nhu: 1) ty 1¢ ndy mam va kha ning séng sot ciia hat ltia trong céc
cong thuc thi nghiém.; 2) muac do hitu thu (khd nang két hat) va; 3) chiéu cao cay lua tai
thé hé M.

Biang nhimng két qua qua quan sat va do dém dugc trong phong thi nghiém cho thay
(bang 1), ty 1& ndy mam cua hat la trong cac cong thirc déu bién dong va phy thudc rat
nhiéu vao tinh dic thu cua tic nhan gay dot bién; lidu lugng chiéu xa hoic néng do hoa
chat da str dung, cling nhu ban chét di truyén cia timg loai gidng laa trong cc cong thirc
xu ly.

Déi véi ca 3 giéng lua ma chung t6i st dung lam vat li¢u thi nghiém déu cho mot két
qua chung vé mirc d6 suy giam rat nhanh ty 1¢ ndy mam theo chiéu ting ciia nong do hod
chét hay cudng do chiéu xa. cu thé: khi chiéu xa tia v (nguén co™) 1én hat lga gidng ir-64
v6i lieu luong 15 krad c6 t&i 92,5+1,77% s6 hat ndy mam; ¢ cong thuc 20 krad 1a
84,5+1,69%; con néu tang lidu lwong dén 25 krad thi chi con 72,5+1,81% s6 hat sinh
truong duge thanh mam lba. chi sé nay ciia cac cong thirc xir Iy hoa chét (doi vdi giong ir-
64) tuong ung la: 89,5+1,58% (0,02% new); 85,1£1,56% (0,04% neu); 74,5+1,73% (0,06%
neu). Pidu d6 chimng to lidu lugng ciia tac nhan giy dot bién cang ting thi kha ning séng
sOt cua cady lta sau khi xtr Iy cang giam.

Trong sb 18 cong thirc thi nghiém chiing t6i nhan thay c¢6 2 truong hop (cong thire: IR-
64-tia y-15 krad va A.20-NEU-0,02%), khi st dung tic nhan gy dot bién & liéu luong
thép, khong nhitng khong thé hién tinh doc hai lam mét sirc nay mam cia hat lga, ma
nguoc lai di kich thich qua trinh nay. ty 1& nay mam cua giong IR-64 khi sir dung lidu
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luong chiéu xa 15 krad d tang 1én 100,8% so voi ddi chimg, con di véi giéng A.20 khi
xtr 1y hoa chat NEU = 0,02% da vuot ddi chimg 1a: 101,2%.

Két qua trén day da chimg to rang ca hai phuong phap (chiéu xa tia yva xit Iy hod chdt
neu dd sir dung) déu gay anh huong sau sic 1én qua trinh sinh trudong va phat trién cua cay
laa & thé hé M, song muc d6 manh - yéu con phy thudc vao lidu luong va thudc tinh di
truyén ctia timg loai giéng.

O thé hé M, hau hét cac bién di diép luc da xuét hién, nhung con it, chua mang tinh
quy luat. Pong thai ra 13, kha ning dé nhanh va thoi gian sinh trudng ciia cic ca thé ciing
rat khac nhau. mot s6 ca thé dé nhanh rat khoé (rén 30 nhdnh) trong khi d6i chimg chi co
tir 5-7 nhanh. V& hinh thai, cdy la trong cac cong thirc thi nghiém c6 bién dong, song chua
dac biét, chu yéu chi théy xuét hién dang hat c6 radu va mot sb ca thé c6 thoi gian sinh
truéng hodc bi rat ngan hoidc bi kéo dai so v6i dbi ching.

Trong s6 cac chi tiéu cdu thanh ning suét, thi tic nhan gay dot bién da lam thay doi
nhiéu dén gia tri trung binh cac chi s vé: chiéu cao cay lua, s6 nhanh hitu hiéu va ty 1¢ bat
thy... & hau hét cac cong thirc thi nghiém. Ty 18 hitu thu cua ca 3 giéng dugc thi nghiém
déu tang dan theo muc ting cua cuong do chiéu xa va ndng do hoa chat, con chi tiéu vé
chiéu cao cay lua thi nguoc lai, giam dan theo mic ting cua lidu luong chit giy dot bién
da str dung.

Bang 1: Tdc dong ciia tdc nhdn dot bién lén qud trinh sinh trudng va phat trién ciia cdy lia

Ty 1é nay mam Kha ning két hat .
Cong thirc thi nghiém v So véi rimast - Chliﬁg 2211(1)1 )cﬁy
doi ching 1ép %
Giong liia IR-64
Déi chimg 91,7+1,93 100,0 167+2,37 | 12,25 91,5+ 1,70

15 krad 92,5+ 1,77 100,8 175 £2,71 13,53 92,4 +1,82

Tiay 20 krad 84,5 £ 1,69 93,13 162 £2,33 14,29 87,5+ 1,75

25 krad 72,5 £ 1,81 79,06 156 £2,57 13,82 84,1 £ 2,04

0,02% 89,5 £1,58 97,60 169 £2,82 12,65 91,1 £1,68

NEU 0,04% 85,1 £ 1,56 92,80 155+2,27 13,19 88,1 + 1,87

0,06% | 74,5+1,73 82,24 143+2,61 | 13,73 82,8 + 1,96
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Ty 1é nay mam Kha ning két hat .
Cong thirc thi nghiém v So véi it - Chliﬁg 2211(1)1 )cﬁy
doi ching 1ép %
Giong liia A-20
Ddi chiing 86,3 £ 1,49 100,0 178 £2,73 13,05 89,6 + 1,86
15krad | 85,5+1,73 99,07 177 +£2,91 13,93 86,1+ 1,78
Tiay 20 krad | 78,111,56 90,49 183 £2,55 14,23 90,7 £2,03
25krad | 70,7 +1,68 81,92 169 £ 2,78 13,38 83,5+1,94
0,02% 87,3+ 1,67 101,2 173 £2,29 12,89 87,3+ 1,67
NEU 0,04% 85,7+ 1,62 99,30 168 + 2,85 13,92 89,5+2,10
0,06% 69,8 £ 1,55 80,88 147 £2,67 13,78 82,2+ 1,79
Giong liia Nép Iy
Déi chimg 93,1+1,74 100,0 185+ 3,15 11,84 109,6 + 1,67
15krad | 91,5£1,58 98,28 180 +2,79 12,02 110,6 £ 1,77
Tiay 20krad | 87,3%1,47 93,77 175 £ 2,31 12,58 107,2 £ 2,54
25krad | 81,5%1,56 87,54 167 £2,25 12,11 104,5 2,09
0,02% 89,2 + 1,66 95,81 178 £ 2,65 12,27 108,8 = 1,68
NEU 0,04% 84,7 £ 1,42 90,98 177 +£2,19 13,75 109,1 £2,02
0,06% 79,2 £ 1,60 85,07 171 £ 2,66 14,10 102,5+ 1,92

Bang 2: Nhitng bién dj hinh thdi ¢ thé hé M, va M. do ciia chiéu xa tia y1én hat lia

Cong thite Bién di hinh thai xuét hi¢n & M, | Bién di hinh thai thu nhan & M,
thi nghiém Tén s6, % S loai Tén s6, % S loai
Giong liia IR-64
Ddi chimg 0,0 £ 0,00 0 0,0 + 0,00 0
15krad | 2,0+1,35 1 22,7 +2,64 7
Tiay 20 krad 3,8+2,14 2 25,1 £2,83 8
25krad | 2,1+1,63 1 19,4 + 3,02 6
0,02% | 0,0£0,00 0 158 £2,35 5
NEU 0,04% | 22+1487 1 21,9+3,03 7
0,06 % | 3,1+1,48 2 19,5+2,29 6
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Cong thite Bién di hinh thai xuét hi¢n & M, | Bién di hinh thai thu nhan ¢ M,
thi nghi¢m Tén s, % S loai Tén s6, % S loai
Giong liia A-20
Déi chiing 0,0 + 0,00 0 0,0 0,00 0
15krad | 0,0 £0,00 0 17,3 2,44 5
Tiay 20krad | 2,1£1,72 1 24,7+ 3,14 8
25krad | 32+1,54 2 18,8 £2,94 6
0,02% | 3,4+2,07 2 14,8 £2,92 5
NEU 0,04% | 1,9+1,81 1 20,5+ 3,15 7
0,06% | 33+1,65 2 31,5+ 3,09 10
Giong Nép Iy
Déi ching 0,0 + 0,00 0 0,8 +0,08 1
15krad | 1,8+1,26 1 18,7 2,52 6
Tiay 20krad | 2,1 +1,45 1 15,5 42,06 5
25krad | 1,3+1,42 1 23,.8+2,79 8
0,02% | 3,7+1,93 2 16,1 £3,25 5
NEU 0,04% | 12+1,02 1 23,7+3,13 8
0,06% | 1,5+1,17 1 29,3 +2,91 9

Nhu vay, do tac dong cua cac tac nhan gy dot bién ké ca chibu xa tia y (nguon co™)
va hoa chét nitrozoethyle urea da lam thay d6i mot so tinh trang trong qua trinh sinh truong

va phat trién cta cdy lta ngay & thé hé M.

3.2. Hiéu @rng tao bién di hinh thai do chiéu xa Y (ngudn c0®) dbi véi cay lua

Viéc nghién ctru tan s va phd bién di hinh thai xuat hién sau khi xtr 1y chiéu xa d6i
v4i cdy trong l1a mot trong nhitng phuong phép dinh lugng quan trong dé so sanh hiéu qua
gdy dot bién gen trong thyc nghiém.

Nhiing két qua thu dugc tir cac cong thic thi nghiém cia ching t6i & bang 2 cho thay:
nhitng bién di hinh thai xuat hién rat it tai thé hé m; (pho bién la tir 1,2 +1,02% dén 3,8 +
2,14%), con & thé hé m, nhitng bién di nay thu nhén dugc nhiéu hon ca vé sb lugng va
chung loai (tan so xudt hién tir 14,8 + 2,92% dén 31,5 + 3,09%). Phd bién di hinh thai
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trong mdi cong thuc & thé hé thtr nhat chi ton tai tir 1 dén 2 loai, trong khi d6 tai m, ting
1én dén 10 chung loai trong cing mdt cong thirc thi nghiém.

Cong hiéu chinh cta dét bién thuc nghiém Ia tao ra duoc nhiéu céa thé mang nhiing
bién d6i di thuong vé hinh thai va thé chat, hay noéi cach khac viéc tao ra mot quﬁn thé da
dang vé& hinh thai va thé chét 1a muyc dich, yéu cau va hiéu qua cia phuong phap chon
giéng dot bién. véi sd luong trén 25 loai bién di thu dugc & thé hé M; va M, ngoai su XUAt
hién cac dang cao cay, thép cdy, siéu lun, chin mudn, chin sém, 14 dong dai, hat c6 rau...,
thi cac kiéu bong dai, bong ngin, bong dang dudi chon va mat do hat trén bong cao hoic
thﬁp, xép xit hodc xép thua, vo trau bi di dang hodc thay d6i mau sic (tir mau vang rom
bién doi thanh mau ndu sam), xuat hién 14 trén c6 bong, hinh thanh 14 dong phu... ciing thé
hién rat rd nét.

Hai dang bién di thu duoc & thé hé m; 14 hat thoc ¢ rdu va vo trdu c6 mau nau thim
déu di truyén lai & thé hé m,, nén kha ning day s& 1a 2 dot bién troi. Nhitng bién di hinh
thai xuat hién & m, ching t6i s& kiém chimg tiép ¢ nhing thé h¢ ké tiép, néu chung di
truyén 6n dinh, thi theo cac tai liéu cong bd trudc ddy, chung s& 1a nhitng dot bién lan.

T trén 25 dang bién di hinh thai thu duoc, chung t61 da phan 13p va dang chon loc céac
c4 thé mang nhing ddc tinh quy 1am ngudn vat liéu khoi dau cho cong tac chon tao giéng

moi tiép theo.

4. KET LUAN VA PE NGHI

Tir két qua nghién ciru sy bién doi nhiing tinh trang hinh thai cay laa do tac dong cua

dot bién cam tng, chung toi dua ra may ket ludn sau day:

4.1. Ca hai phuong phap (chiéu xa tia y va xir Iy hod chdt neu) déu gy anh hudng sau
sdc 1én qua trinh sinh truong va phat trién cia cdy lta ¢ thé hé m;, song mtc do manh -
yéu con phu thudce vao liéu lwong va thudc tinh di truyén cia timg loai gidng. cac bién di
hinh thai da xudt hién, nhung con rat it, chu yéu 1a: dang hat c6 rau; vo trdu bién tir mau
vang rom sang mau ndu sam va mot sd ca thé c6 thoi gian sinh trudng hodc bi rat ngan
hodc bi kéo dai so véi doi chimg.

4.2. Tan s va phd xuét hién cac bién di hinh thai khong nhitng chi phu thudc vao
chidu xa tia y (nguén co®) hay xir Iy hoa chat neu va liéu lwong cia chit gay dot bién; ma
con phu thudc rat nhidu vao ban chat di truyén cia cac gidng duge xir y. Cac bién di hinh
thai xuét hién ngay ¢ thé hé m; duogc di truyén lai trong cac thé hé tiép theo 1a nhimg dot

bien trdi, con xuat hién & M, kha nang s€ 1a nhitng dot bién lan.
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4.3. Hiéu tmg cua cic tac nhan gy dot bién, ké ca chiéu xa tia y (nguon co™) va hoa
chat nitrozoethyle urea, da lam thay d6i mot so tinh trang hitu ich trong qué trinh sinh
truong va phat trién cua cdy lua. Cac dot bién hinh thai chu yéu xuat hién ¢ thé hé my,, tir
d6 da tao ra ngudn vat liéu khoi dau rit da dang va phong phu, phuc vu cho cong tac chon
tao gidng mai tiép theo.
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THE MORPHOLOGICAL CHANGES OF RICE APPEAR IN THE
TWO FIRST GENERATION UNDER THE EFFECT OF AGENTS
CAUSING MUTATION

Abstract: Choosing mutative gender is one of the effective methods forward the rice in
particular and agricultural crops in general. By the irradiation Gamma ray (source Co”)
and treating chemical Nitrozoethyle Urea (NEU) to three different genders about origin
of rice (IR-64, A-20 and Nep ly) found: The frequency and Spectrum appeared the
morphological variations which depend on the specifity of chemical causing mutation;
use of dosage, as well as the genetical attribute of each treated gender.

Several morphological variations have appeared at the generation M1 after treating
mutation (as: grain has beard: chaff transform from yellow to deepbrown color, or
changing the growing time of rice). Residually, the majority of transformation about
morphology and constitution of rice were received at the generation M2 (the frequence of
appearance reached to 31,5 + 3,09% with more 20 different types). That is the beginning
matterial source which is diverse, abundant and very useful to choose and create the new
following gender.

Keywords: Mutation, morphology, treat, rice gender



130 | TRUGING BAI HOC THU DA HA NOI

NGHIEN CUU THIET KE BE USAB XU LY NUGC THAI
CHO NHA MAY CHE BIEN MU CAO SU

Nguyén Xuin Trinh’, Nguyén Van Anh
Truong Dai hoc Thu do Ha Noi

Tém tdt: Cong nghiép ché bién cao su la nganh cong nghiép da va dang dem lai nguon
thu I6n cho ngdn sich quéc gia, tuy nhién trong qud trinh san xudt tai cdc nha mdy, né
da tao ra nhiéu chat thdi doc hai (khi doc, nuoc thdi, chat ran... ) tac dong xdu dén méi
trieong va dnh hwéng om t6i sivc khoe, doi song va sinh hoat ciia nguwoi dan. Nghién civu
ciia chiing téi nham dwa ra phwong dn va quy trinh xir Iy sinh hoc gép phan lam giam
mire d¢ ddc hai ciia chdt thdi, dong thoi tao ra heong chdt thdi khéng gdy é nhiém
méi truong theo tiéu chudn xa thai (QCVN 01: 2008) cho nwéc thdi dat logi B va
TCVN 6584-2001

Tir khéa: Xur 1y, sinh hoc, nuede thai, cao su, ché bién

1. PAT VAN DE

O nuéc ta nganh cong nghiép ché bién mu cao su la mot trong nhitng nganh cong
nghiép hang dau va c6 tiém nang phat trién vo cung 16n... Hién nay, dé ché bién hét luong
s6 mi cao su thu hoach duoc ning cap va xdy dung méi tai nhidu tinh trén ca nuéc, chu
yéu tap trung & cic tinh Dong Nam B¢ nhu Pong Nai, Binh Duong, Binh Phudc. Nhimng
nim gan ddy, cao su tré thanh mot trong nhitng mat hang xuat khau chién luge mang lai
hang tram triéu USD cho dit nudc, giai quyét cong in viéc 1am cho hang ngan cong nhan
lam viéc trong nha may va hang trdm ngan cong nhan lam viéc trong cac nong truong cao
su. Tuy nhién ting truong kinh té chi 1a diéu kién can va s& khong bén viing néu khong két
hop yéu t6 moi truong — xa hoi. Udc tinh hang nim nganh ché bién mi cao su thai ra
khoang 5 triéu m® nuée thai. Luong nude thai ndy co ndng d6 cac chét hitu co d& bi phan
huay rit cao nhu acetic, duong, protein, chit béo... Ham lugng COD dat dén 2.500 —
35.000 mg/l, BOD tir 1.500 — 12.000 mg/l dugc xa ra ngudn tiép nhan ma chua duoc xir ly
hoan toan anh hudng tram trong dén thuy sinh vat trong nudc. Ngoai ra van dé mui hoi
phat sinh do chat hitu co bi phan huy ky khi tao thanh mercaptan va H,S d tac dong manh
t&i moi truong khong khi khu vuce xung quanh gy 6 nhiém méi trudng nghiém trong, anh

/'Nhan bai ngay 12.3.2017; chinh sira, giri phan bién va duyét dang ngay 20.3.2017
Lién hé tac gia: Nguyén Xuén Trinh; Email: nxtrinh@daihocthudo.edu.vn
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hudng khong nho téi stic khoe, doi sdng sinh hoat ciia ngudi dan. Xuat phét tir van dé cap
bach d6, chiing t6i tién hanh nghién ctru danh gia va dua ra phuong an kha thi cho viéc xur
ly luong nudc thai ché bién mi cao su tai cic nha may san xuat dat tiéu chuan xa thai
(QCVN 01: 2008) cho nuéc thai dat loai B va TCVN 6584-2001. Day 1a van dé cap bach
dang duoc Pang, Nha nudc va cac cip chinh quyén dia phuong quan tam.

2. THU'C NGHIEM VA PHUONG AN NGHIEN CUU
2.1. Panh gia vé thanh phan nudéc thai mi cao su
2.1.1. Thanh phan va tinh chit ciia nuwde thii ché bién mii cao su

Bang 2.1: Thanh phan héa hoc ciia mede thai ché bién cao su (mg/l)

Chi tiéu Khdi tir ma: dong (mg/l)
N hitu co 8,1
NH; - N 40,6
NO; -N Vét
NO,-N KPHN
PO, - P 12,3
Al Vét
SO> 10,3
Ca 4,1
Cu Vét
Fe 23
K 48
Mg 8,8
Mn Vét
Zn KPHN

Nhan xét két qua trén:
Hai thanh phan quan trong anh huéng dén hiéu qua xir ky: ham luong mubi SO4*va
Ca®". Khi ham luong 2 thanh phan trén cao giam hiéu qua xt 1y.
Nguyén nhan:
— Trong nudc thai cao su, khi qua giai doan phan huy ky khi:
S04~ —»H,S0; + H,S

— Trong giai doan hiéu khi, dé oxy héa mét phan tir SO5* thanh SO,* c¢in 2 phan tir
oxy. Piéu nay giam hiéu qua xu 1y trong bé sinh hoc hiéu khi.
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— Ham lugng mubi hoa tan Ca** cao, tao thanh 16p mang chin khong cho su van
chuyén chat dinh dudng dén té bao vi sinh vat.
2.1.2. Dinh gii mirc d¢ é6 nhiém ciia nha mdy ché bién cao su

Hién nay, hién trang 6 nhiém méi truong tai cac nha may so ché cao su dang 14 vén dé
burc bach can giai quyét kip thoi.

— Nudc thai so ché cao su, sau thoi gian ton trit vao khoang 2 — 3 ngiy, xay ra hién
tugng phan huy, oxy hoa anh huong xau dén méi trudng.

— Nudc thai ra ngudn gay 6 nhiem tram trong doi véi ngudn nude mau, nude duc, den
ngom, ndi van lon con, boc mui hoi thoi nong dac.

— Ham luong chat hiru co kha cao, tiéu huy dudng khi cho qua trinh ty huy, thém vao
d6 cao su dong tu ndi van 1én bé mit ngin can oxy hoa tan dan dén ham luong DO rat bé,
lam chét thuy sinh véat, han ché su phat trién thuc vat, nhat 1a & nhitng vi tri nude tu do
nhiém ban con biéu hién rd rét.

— Tai ngudn tiép nhan nude thai, do qué trinh 1én men yém khi sinh ra cic mui héi lan
toa khap ving, gy khé thé, mét méi cho dan cu, nude ngudn bi nhiém ban khong thé su
dung cho sinh hoat.

2.2. Phwong phap Sinh hgc xir ly nwée thai

— Hoan thién thiét k& va van hanh bé USAB

— Tinh toan va xur 1y theo phuong phap sinh hoc

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thanh phin nuéc thai diu vao

Luu lwong nude thai cin xtr Iy 1a 1500m*/ngay dém. Nudc thai sau khi xir 1y phai dat
theo QCVN 01:2008 ddi véi nudce thai cong nghiép dé thai ra moi truong.

Bang 3.1: Thanh phdn nwée thai dau vio

Théng sb Piu vao Pon vi QCVN 01:2008

Luu lugng trung binh (Qy,) 1500 m’/ngay dém -

Téng ran lo limg (SS) 1600 mg/l 100

Nhu ciu oxy sinh hoa (BOD) 7000 mg/1 50

Nhu ciu oxy héa hoc (COD) 10000 mg/l 80

Nong d9 Nito tong (Nigne) 160 mg/l 30

Nong d Photpho tong (Pne) 90 mg/l 6

pH 5,6 - 6-9
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3.2. So d0 cong nghé

Chii thich:

NUOC THAI

—  Nuoc thai Song chén rac

_— Rac

4

-——-> Bun

Bé thu gom

> Khi

Bé& tach ma

Bé& khudy
trén

May théi khi

\

Bé keo tu tao bong

v

Bé l&ng

—

Rac Van chuyén

Bé& chira mu thu

Nwéc bun tudn hoan

héi

Bun thai

\ 4

Bé UASB

\

N Bé& Aerotank

Bun tuan hoan

May
thu khi
methan

¢ _—— | 5 Béchwrabun

Bé& lang 2

v

Hb tuy nghi

|

Hb hoan thién

¥

MOI TRUONG

\Z

B& nén bun

\Z

May ép bun
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3.3. Thuyét minh diy chuyén cong nghé

Nudc thai trong qua trinh san xut ciia nha may duoc thu gom qua hé thong muong
thu gom c6 dit song chin rac va duoc dan dén bé thu gom dé tranh 1am hu hai bom & cong
trinh phia sau... Tai day nuéc thai dugc bom 1én bé tich mi, nudc thai nha may ché bién
cao su c6 ham luong mi cao su 16n vi thé trudc tién can cho qua bé gan mu rdi méi dén bé
gom dé loai bo mot phan mu cao su va cac chat dang lo limg. Do thoi gian luu nude thai
trong bé tach mu rit dai nén c6 kha nang diéu hoa ndng d6 chit 6 nhidm c6 trong nudc thai
(thay cho bé dicu hoa), tai bé ndng d6 chat ran lo limg giam rat nhidu. Nudc thai dua qua
bé keo tu - tao bdng, muc ti€u cua qua trinh keo tu la dua cac hoa chit vao trang thai phan
tan déu trong mdi truong nude khi phan tng xay ra, dong thoi tao diéu kién tiép xuc tot
nhat gitta chiing v6i cac phan tir tham gia phan tng. Viéc nay duogc thuc hién bang cach
khudy trén dé tao ra cac dong chay rdi trong nudc. Cac cin lo limg gan két véi nhau, nuée
thai dwa qua bé lang ngang bun duoc dua ra bé nén bun. Tiép sau d6 nudc thai tiép tuc
dugc bom qua bé ki khi (bé UASB). Tai bé UASB, qua trinh phan huy chit hiru co xay ra
nho hé vi sinh vat ki khi. Do do, néng d6 BOD chtra trong nudc thai giam Xuéng, nham tao
diéu kién cho bé Aerotank tiép theo hoat dong hiéu qua hon. O bé sinh khi métan dugc thu
lai bang may thu khi. Nuéc thai tir bé UASB sé& tu chay vao bé xur 1y sinh hoc hiéu khi (bé
Aerotank). Tai day nudc thai dugc bo sung thém mdt lugng bun vi sinh dugc tuan hoan tur
bé ling 2, va trong nudc thai xay ra hién tuong phan huy céc chét hitu co boi vi sinh vét
hiéu khi. Pong thoi mot lugng khong khi dugc cap vao bé thong qua hé thong phan phdi
khi dat dudi day bé, nham ting hiéu qua xur 1y.

3.4. Hoan thién thiét ké va van hanh bé USAB

3.4.1. Chirc nang

La cong trinh xir 1y sinh hoc budc dau cta hé théng xir Iy nude thai, trong d6 cac tac
nhan gy 6 nhiém duoc phan hity béi vi sinh vat dudi diéu kién ki khi. Su chuyén hoa sinh
hoc xay ra theo cac hudng sau:

— Chuyén hoa céc chat hitu co thanh khi sinh hoc va cic san pham hiru co don
gian khac.

— Giam mét phan N,P do vi sinh vét st dung dé xay dung té bao.
3.4.2. Phéu thu khi cin

Vach nghiéng 45°- 60°, chon 60°

Chiéu cao phéu thu khi 1,5 — 2 m, chon 1,5 m
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Day phéu thu khi c6 chiéu dai bang canh don nguyén 1 5 m, chiéu rong chon 2 m.
Vay phan dién tich bé mat khe hé gitra cac phéu thu khi 1a:
A _ A4-4, _ 5x5—-(2x5x%2)

khi

A A 5x5
Trong d6:  A: dién tich bé mat
Ajni: dién tich khe ho gitia cac phéu thu khi
A,: dién tich day phéu thu khi
Awi/A: theo tiéu chuan tir 15 —20%

x100 =20%

Doan nho ra cta tim hudng dong c6 4 tim chan dong khi dit theo hinh chit U, mdi
bén dit 2 tAm, cac tim dit song song va nghiéng mot goc 60°.
Céc thm c6 khe hé bang nhau chiém 15 — 20% dién tich be.
Fine = 0,15 x F=0,15%104,2=15,63 (m?).
Trong ngan c6 4 khe:
15,63

Fine = =3,9 (m).

Khoang cach gitra céac khe:

£ =Tue _39_ 4 og(m)
4 4

Dién tich chup thu khi:
Fenup= F — Fine = 15,63 — 3,9 = 11,79 m”.
Chon Fepyp=12 m’
Kich thuéc cia chyp thu khi: 3,5%3,5
Chiéu cao thiét bi thu khi:
F
o= 2xcg60 :23’753:1’”
3.4.3. Luong biin nuéi ciy, biin dw va sinh khéi hinh thanh méi ngay
Tinh lugng bun nudi cdy ban diu cho vao bé:
_Coxv,_ Coxv,
7SS 7SS
Bun nudi cdy ban dau lay tir bun ctia bé phan hity ky khi tir qua trinh xar 1y nuée thai
sinh hoat cho vao bé v6i ham lwong 30 kgSS/m’.
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Thé tich ngan phan tmg ctia bé UASB la:

_ OxC, _1500x3519,75
Leop 8x1000

\£ = 660m’

Luong bun phan hity ky khi cho vao ban dau TS = 5%
Luong bun nudi ciy

C,xv, 30x660
TS 0,05

M, = =396000kg =396 (tan).

Trong d6:  Cg: hon hop bun trong bé
V;: thé tich ngdn phan tmg
TS: ham lugng chat ran trong bun nudi cay ban dau

3.4.4. Ham lwgng BOD, COD sau xw ly ky khi
BODy, = (1 - Egop) x BOD, = (1- 0,75)x2463,35 = 615,83 mg/I

Luong bun sinh ra trong bé bang 0,05 — 0,1 gVSS/COD loai bo. Vay khdi luong bun

sinh khéi hinh thinh m&i ngay:
_ 0,05x9x(COD,-COD,) _ 0,05x1500x(3519,75-600) _

Mbin 162,1 kgVS/ngay
1+4(0,015x90)x 1000 1+(0,015x90)x 1000

Khdi lwong bun sinh ra mdi ngay 1a: My, = 162,1 kgVSS/ngay
1m’ bun twong dwong 260 kgSS. Vay luu lugng bun sinh ra mdi ngay

Vbun = M, 1621 _ 0,623 m’/ngay
o 260

Luong bun sinh ra trong 1 thang: 0,623 x 30 = 18,69 m*/thang
Chiéu cao ciia bun trong 1 thang:

v
Hpun = ﬂ=—18’69 =

=0,2m
F  104,2

Chon thoi gian x4 bun la 1 thang xa mot lan. Vay thé tich bun can xa la 18,69 m’.
Chon thoi gian x4 bun 1a 45 phut. Vay luu lugng x4 ra la:

bn =1§% =93,45m> / h = 0,026m>/s

B6 tri 3 dng thu bun, van tdc bun trong dng 0,5m/s

0,.. _ 0,026

=0,017m’
3xv,,, 3x0,5

Dién tich ong xa can: Fyy, =
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DPuong kinh dng thu bun:
Dy — 4xF,, _ |4x0,017 —0,04m
XV, 3,14x0,5

Chon éng PVC c6 dudng kinh 40 mm.
Luong chat ran tir bun du: Msg= Vianx30 = 0,623x30=18,69 kgSS/ngay.

Ham luong SS qua UASB gidgm 75% — SS,, = 122,6x(1-0,25) = 91,95 mg/!.

3.4.5. Tinh todn lugng khi
COD cua 1 mol CH4: CH4 + 20, — CO, +2H,0
1mol 2x32g0; hay 64g0,/mol CHy4
O dkte (0°C, 1 atm) thé tich ctia 1 mol CHy 13 22,4 lit.
— 22,4 1/64gCOD = 0,35 1/gCOD
O diéu kién (30°, 1 atm) thé tich caa 1 mol CH, la:
_nRT _ 1x0,082057x303
Yo 1
Trong d6: n=1 mol

R =0,082057 atm l.g/mol °’K
T=273+30=303K
p = latm

— Viy & diéu kién (30°,1atm) thé tich ctia 1 mol CHy 12 0,3906 1/gCOD.

\Y% =25l

Van tbc khi trong éng tir 10 — 15 m/s. Ta chon 10 m/s. Vay dudng kinh éng dan khi la:

Dy = 4xQ,,. _ 4x1460 —0,046m
24x3600x 7 x v, 24x3600x3,14x10

Puong kinh ciia dng HDPE c¢6 duong kinh 46 mm dé thu khi thoét ra.
Luong khi CHy4 sinh ra khoang 0,35 m3/kgCOD loai bo.
Vew, =0,35x(COD, —COD, ) x1000x 107
=0,35x(3519,75-600)x1000x 10~ = 1022 m*/ngay
Luong khi sinh ra loai b6 1 kg COD 13 0.5 m’
Vini = 0,5x(COD, —COD,)x107> x1000

= 0,5%(3519,75-600)x1000x 107> =1460 m*/ngay.
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4. KET LUAN

Nudc thai ché bién mu cao su 14 mot trong nhitng loai nudc thai c6 nong do chat 6
nhiém cao thudc loai bac nhat cia nudc thai cong nghiép. Do d6 yéu cau vé cong nghé co
kha ning xir Iy dén giéi han cho phép nhung phai dap ung yéu ciu vé chi phi binh quéan
thp, cong v6i chi phi quan 1y va van hanh khong qué cao 1a diéu khong phai d& dang thuc
hién. Hé théng xu Iy dugc dé xuit véi qua trinh co hoc (bé 1§1ng cat, bé diéu hoa thdi khi
nén...), tiép theo 1a qua trinh sinh hoc ki khi (sir dung bé UASB) va duoc xtt 1y triét dé tai
hé thdng ho tiy nghi, da dap tng duoc yéu ciu dit ra.
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DESIGNING THE USAB WASTEWATER TREATMENT SYSTEM
FOR RUBBER PROCESSING FACTORY

Abstract: The rubber processing industry has been a major source of revenue to the
national budget. However, it is considered that there are large amount of toxic waste
(toxic gas, water solids, so on) which generated in the manufacturing process negative
affect to the environment and strongly impact to people's health and ecosystem.

This paper proposed the bio-treatment system method and process that contributes to the
reduction of the toxic level of rubber processing wastewater and reached the standard
(OCVN 01 for wastewater category B and TCVN 6584-2001).

Keywords: Treatment, biology, wastewater, rubber, processing.
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DANH GIA MOT SO CACH THUC TiNH XAC SUAT SPAM
CUA TOKEN UNG DUNG TRONG PHAN LOAI THU RAC

Nguyén Tu Trungl(l), Nguyén Ngoc Hung', Pham Thanh Giang', Tran Thanh Trung’
"Vién Cong nghé Thong tin, Vién Khoa hoc va Cong nghé Viét Nam
2Tm’a‘ng Dai hoc Su pham Ha Noi 2

Tém tdt: Phan logi thu rdc la bai todn dwgc quan tam nghién cieu tir vdt lau trén thé gici
voi nhiéu hwéng tiép cn khdc nhau. Tinh nang phan loai thw rdc dwgc tich hop vao
module phan logi thu rac cua Mail Server hay Mail Client. Hién nay, khi ma cac phuwong
phép truyén thong van cé nhitng diém yéu nhat dinh thi phwong phédp phén logi dwa trén
ngi dung t6 ra hiéu qua voi viéc sir dung cdc ki thudt trong hoc mdy thong ké. Trong do,
phaén logi the ric dwa trén Bayes véi wu diém don gian, dé siv dung sir va toc d¢ nhanh
nén dwge cai dat phé bién trong cdc hé thong Mail Server hay Mail Client. Bai bdo ndy
trinh bay ddnh gid vé mét sé cach thirc tinh xdc sudt la Spam ciia cdc Token thong qua
ung dung phan logi thu rac.

Tir khéa: Thu rdc, phan logi the rdc, Bayes, hoc mdy thong ké, Token, Spam, Ham.

1. MO DAU

Mot trong nhitng dich vu ma Internet mang lai d6 1a dich vu thu dién tir, d6 1a phuong
tién giao tiép rat don gian, tién loi, ré va hiéu qua giita moi nguoi trong cong ddéng sir dung
dich vu Internet. Tuy nhién chinh vi nhiing lgi ich cta dich vu thu dién tir mang lai ma s0
luong thu trao doi trén Internet ngay cang ting, va da sd trong sd hitng thu d6 1a thu rac
(spam). Thu rac (spam mail) 1a nhitng buc thu dién tir khong yéu cau, khong mong muén
va duoc giri hang loat t6i ngudi nhan [1][2]. Thu rac thuong dugc gii véi sb luong rat 16n,
khong dugc nguoi dung mong doi, thuong voi muc dich quang cao, dinh kém virus, gay
phién toai hé chiu cho ngudi ding, lam giam tc do truyén internet va toc do xir Iy cia
email server, gy thi¢t hai rat 16n vé kinh té. Theo théng ké thu rac hién chiém hon mot
ntra s6 e-mail truyén trén Internet va chinh thu rac 1a nguén lay lan virus nhanh nhat. Nam
2005, théng ké toan cau cua Ferris Research ¢ San Francisco [1], thu rac gay thiét hai 50 ty
USD. Thu rac chiém khoang 80% luu luong thu dién tir thé gidi trong quy 1/2006 [1].

) Nhan bai ngay 14.02.2017; chinh sira, giri phan bién va duyét ding ngay 20.3.2017
Lién hé tac gia: Nguyén Tu Trung; Email: trungnt.sremis@gmail.com
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Microsoft va AOL cho biét trung binh mdi ngay chin gan 5 ty thu rac. Cong ty Dién toan
va Truyén s6 liéu (VDC) cho biét, thu rac hién nay chiém phan 16n Iuu luong email qua hé
thong may chu thu ciia ISP nay. Khach hang cua nhiéu ISP ¢ Viét Nam thudng xuyén bi té
liét do bi liét vao danh sach den. Mdi 1an thoat ra khoi danh sach nay ISP phai mat khoang
40 USD. Thu réc con lam giam hiéu qua lam viéc, gy stress, tiéu ton thoi gian ctia nhan
vién... dan dén ning suét lao dong giam, anh hudng t4i tinh hinh kinh doanh va doanh thu
ctia cong ty. Do d0, viéc loc thu rac 1a rat can thiét.

Ti 1¢ chidn thu rac ctia bg loc str dung phuong phép nay rat cao, khoang 99%. Chuong
trinh SpamProbe c6 thé dat toi ti 1& loc thu rac t6i 99.9%. Theo thong ké cta kaspersky
ndm 2014 [12], Ty 1€ thu rac trong luu lugng truy cap email trong thang Hai tdng 4.2% so
v6i thang trude, dat trung binh 69.9%. Tuy nhién, ty 18 nay thip hon 1.2% so véi thang Hai
nam 2013. Ba ngudn phat tan thu rac hang dau gom cé Trung Qudc (23%), My (19.1%) va
Han Quéc (12.8%). Viét Nam dtmg vi tri thar 7 véi 2.95%, giam so v6i thang Mot chiém
3.1%. Nhiing ké lra ddo thuong nhdm muc tiéu d&én céac trang mang xa hoi (27.3%), dich
vu thu dién tir (19.34%) va céc to chiic thanh toan truc tuyén (16.73%). Theo [13], vé tinh
hinh thu rac quy III 2015, ty 1€ thu rac trong luu lugng email da gidm so voi Quy I, nhung
cac k¥ thuat Itrra ddo nguoi dung va vuot qua b loc email ngay cang trd nén tinh vi hon.
Trong Quy III 2015, ty I¢ thu rac chiém 54.2% toan luu lugng email, giam 0,8% so voi
quy II. Pa c6 nhiing thay doi 16n trong top 3 cac qubc gia 1a myc tidu tin cong bang email
trong Quy 111 2015. Pimg vi tri dau 14 Pirc chiém 18.47 (giam 1.12% so v&i quy 1I). Dung
vi tri thtr 2 14 Brazil va thir 3 1a Nga vdéi ty 1¢ 7.56% (tang 2.82% so vai quy II). Vé nguon
gdc phat tan thu rac, My van 1a qudc gia co ngudn thu réc 16n nhat chiém 15.34%. Viét
Nam dimg thir hai voi 8.42% (ting 5.04% so voi quy II). Xép vi tri thir 3 1a Trung Qubc
chiém ty 1& 7.15%, khong thay dbi so v6i quy IL. Tiép sau dé 1a cac nudc Nga (5.79%),
buc (4.39%), Phap (3.32%).

C6 nhiéu phuong phap loc thu rac nhu: Loc thu rac thong qua viéc dua ra luat 1€, dua
trén dia chi IP, dua trén chudi hoi/dap (Challenge/Response filters), dua trén mang xa hoi,
dinh danh nguoi giri hay dua trén nodi dung [1]. Mdi phuong phép déu cé nhitng wu nhuoc
diém riéng.

Phuong phap loc ndi dung dé phan loai thu rac di va dang duoc quan tdm, nghién ctru
va mg dung nhiéu nhat. Phuong phap nay dwa vao ndi dung va chu dé buc thu dé phan
biét thu rac va thu hop 18 [1][2]. Phuong phap ndy c6 wu diém d6 1a ching ta c6 thé d&
dang thay d6i bo loc dé no c6 thé loc céc loai thu rac cho phii hop. Trong phuwong phap hoc
dua trén ndi dung, loc thu rac str dung cac ki thuat hoc may thong ké 1a mot phuong phap
c6 trién vong v&i nhicu ung dung thwong mai nhu Hotmail, Google, Yahoo. Cac phuong
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phap hoc may va xac suit thong ké cho phép phan loai ca nhiing thu rac chua timg xuat
hién trudc d6. Trong [3], Konstantin di trinh bay bao cdo tong quan vé mot s phuong
phap hoc may phd bién nhat (Bayesian classification, k-NN, ANNs, SVMs) va tmg dung
clia chung trong van dé loc thu rac. Trong [4], cac tic gia da so sanh hiéu qua cua cac bo
loc thu rac khac nhau sir dung Naive Bayes, SVM, va KNN. Cac két qua thir nghiém cho
théy cac bo loc stir dung cac ki thuat nay déu cho do chinh x4c rat cao.

Trong cac ki thuat loc thu rac dya trén hoc may théng k€&, ki thuat Bayes t6 ra don
gian, hiéu qua, tdc d6 thuc thi rit nhanh. Thuat toan Bayes da dugc ap dung vao chuong
trinh Igc thu rdc spambayes, va cho két qua loc kha hiéu qua. Co &, day 1a Iy do ma bo loc
su dung ki thuat nay dugc cai dat phé bién trong cac h¢ théng Mail Server (Zimbra), Mail
Client. Cac phan mém Mail Client nhu Outlook, Outlook Express, Thunderbird/Mozilla
Mail & Newsgroups, Eudora, hay Opera Mail. Céc thuat toan Naive Bayes la nhitng thuat
toan kinh dién trong ki thuat Bayes. Naive Bayes rat phd bién trong cac bo loc thu dién tir
chéng Spam ngudn mé [6]. C6 nhiéu phién ban cta Naive Bayes. Trong [6], cac tic gia di
thao luan, thir nghiém va danh gia vé hiéu qua loc Spam cia cac phién ban nay. Trong
[10], cac tac gia thao luan vé quy trinh loc thu ric thdng ké st dung ki thuat phan loai
Naive Bayes. Trong d6, mét cach thuan tién, don gian dé cai dat thuat toan Bayes trong
viéc loc thu rc 1a thudt toan cta Paul Graham [9][10] va bién thé khac cta Tim Peter. Céc
thuat toan nay déu phén tich, danh gia va dua ra dé xuit vé cac cach tinh xac suit 1a spam
cua cac token.

Trong bai bao nay, chiing toi tap trung nghién ciru vé viée str dung ki thuat Bayes g
dung trong van d¢ loc thu rac thong qua viéc danh gia mot s cach thic tinh xac suat 1a
Spam ciia cc token. Cac phan tiép theo duoc trinh bay nhu sau. Phan 2 trinh bay vé van dé
loc thu rac dya trén Bayes. Phan 3 trinh bay mot sb cach thirc tinh xac suit 1a Spam khac
nhau ctia cic token. Céac thir nghiém dugc trinh bay trong phan 4. Két luan dugc trinh bay
trong phan 3.

2. PHAN LOAI THU RAC DUA TREN BAYES

2.1. Loc thu rac dua trén Bayes
Ki thuét phan loai thu rac dya trén Bayes duoc trinh bay trong [7][8].

Coi mdi email duoc biéu dién bai mot vecto thude tinh dic trung % = (x;, x5, .., x,) VOi
(%1, X2, ., x,) 12 cac gid tri thudc tinh Xy, X,, ..., X, tuong Ung trong khong gian dic trung
(space model). Ta str dung gia tri nhi phan 0 va 1 dé mé ta email d6 c6 dic diém x; hay
khong, gia xu néu email d6 c6 dic diém x; thi ta dat thudc tinh X; = 1, con néu email do
khong c6 dic diém X; thi ta c¢6 thudce tinh X; = 0.
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Ttr thuyét xac sudt ciia Bayes va xac suat day du, ching ta cé cong thirc tinh xac suat
mail v&i vecto X = (xq, x,, ..., x,,) thudc vao 16p ¢ nhu sau:
P(C=C)P()?=J?|C=(i) _ )
2Zke(Spam,Ham) P(C=K)P(X=X|C=c)
Dé don gian khi tinh P(X|C) ta phai gia sit X1, X5, ..., X,, 1a doc 1ap. Khi d6 biéu thirc
(1) trong duong véi biéu thirc sau:

P(C=clf=7)=

P(C=0) 11w, P(X;=xi|C=c) 2)
Zke{Spam,Ham}P(C=k) H?:l P(Xi=x;|C=k)

Gia tri dugc st dung rat rong rai dé danh hang cho thudc tinh 1a gia tri tuong hd MI

P(C=clX=3%)=

(mutual information), ta ldy nhiing thudc tinh c6 gia tri MI 16n nhat. Ta c6 thé tinh gia tri
tuong hd MI ma mdi dai dién cta X thudc vé loai C nhu sau:

P(X=x|C=c)
MI = er{o,l},ce{Spam,Ham}P(X = x|C = C)log#:,(cic) (3)
Mot email dugc coi la spam néu:
P(C=Spam| X=x) > 2 4)

p(C=Ham| X=%)
Vi A 1a ngudng cho trudc dé xem xét so sanh véi ti 18 gitta xac suat 1a Spam hay Ham
cua mot thu. Trong d6, Spam: thu rac, Ham: thu hop 1€.
Gia su cac thudc tinh X; 1a doc 1ap khi d6 ta co:
P(C = Spam| X =%) =1 - P(C = Ham| X = %) (5)
Khi d6 (4) tuong duong voi:
A

P(C =Spam| X = %) >t v6it =" (6)

2.2. Cong thirc cia Paul Graham

Theo [9][10], Paul Graham d& xuit mot cach tinh xac sudt lam Spam ctia cac token rat

don gian, thuan tién cho viéc cai dat nhung cho do chinh xac phén loai thu rac rat cao.

Cong thirc tinh x4c sudt Spam cua token w nhu sau:

SAW)

P(SIW) = sam ~racwy (7

STM +2 HTM

Trong d6:  SA(w): s6 lan xuat hién cua token w trong kho thu réc.
HA(w): s lan xuat hién ctia token w trong kho thu hop 8.
STM: tong sb thu trong kho thu rac.
HTM: tong sb thu trong kho thu hop 1¢.
Hé s "2" dé tang kha nang nhéan duoc thu hop 1€.
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Bang 1. Bang dit liéu hudn luyén trong [10].

S6 1an xuit hién
Token P(S|w)
trong Spam trong Ham
A 165 1235 0.2512473
Advised 12 42 0.4177898
As 2 579 0.0086009
Chance 45 35 0.7635468
Clarins 1 6 0.2950775
Exercise 6 39 0.2787054
For 378 1829 0.3417015
Free 253 137 0.8226372
Fun 59 9 0.9427419
Girlfriend 26 8 0.8908609
Have 291 2008 0.2668504
Her 38 118 0.4471509
I 9 1435 0.0155078
Just 207 253 0.6726596
Much 126 270 0.5396092
Now 221 337 0.6222218
Paying 26 10 0.8671995
Receive 171 98 0.8142107
Regularly 9 87 0.2062346
Take 142 287 0.5541010
Tell 76 89 0.6820062
The 185 930 0.3331618
Time 212 446 0.5441787
To 389 1948 0.3340176
Too 56 141 0.4993754




144 | TRUGING BAI HOC THU DA HA NOI

S6 14n xuit hién
Token P(S|w)
trong Spam trong Ham
Trial 26 13 0.8339739
Vehicle 21 58 0.4762651
Viagra 39 19 0.8375393
You 391 786 0.5554363
Your 332 450 0.6494897

Tap dit liéu hudn luyén trong [10] gdm ¢ 432 thu rac va 2170 thu hop 18 [10].
Khi nay, x4c suat 1a Spam ciia mot thu E dugc tinh theo cong thirc:

[Ti2 1 P(SIwy)

P(SIE) = M, P(SIwp)+IT, P(H|wy) ®)

Trong do:

P(H|w;) = 1—P(S|w;) )

3. MOT SO CAI TIEN TRONG CACH TINH XAC SUAT SPAM CUA TOKEN

Tur cong thuc (7), chung ta c6 mot s6 nhan xét sau:
1) Viéc tinh x4c suat 1a Spam ctia mdi token

— Chi phu thudc vao sb 1an xut hién ciia token w va tong s6 thu trong mdi kho thu rac
va thu hop 1€.

— Chua xem xét tong soO tan suat cua tat ca token,

— Chua xem xét sd thu chtra token trong mdi kho thu rac va thu hop 1&. Khi nay,
khong biét duoc token xuat hién trong chi mot thu hay nhiéu thu.

— Hé s6 "2" tang kha ning nhan nham thu rac thanh thu hop 1¢.

— Trong truong hop sé 1an xuat hién ciia mot token nao d6 xap xi hodc bang tong sb
thu trong kho thu rdc va xuat hién rat it trong kho hop 1&. Khi nay, ti 1& "SA(w)/STM" s&
gan toi hodc bang 1 trong khi ti 18 "HA(w)/HTM" dan t&i 0. Ta ¢ xac suat 1 Spam cua
token w theo d6 s& gan téi hodc bang 1 (theo cong thirc 7). Tir ddy, theo cong thirc (8), x4c
sudt 1a Spam cua birc thu chira token nay sé rat cao hodc bang 1. Noi cach khéc, xac suét 1a
Spam ctia birc thu chira token nay gan nhu chi bi anh hudng béi token nay. Vi du, néu mot
thu chi xuat hién token nay 1 lan, cac token khac trong thu ndy c6 xac suat 1a spam rat
khong cao nhung thu nay bi cho 1 Spam rét cao. Diéu nay 1a bat hop 1y.
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Duya theo phan tich trén, chiing t6i nhan thay nhu sau: Xac suat 1a Spam cua mdi token

¢6 thé phu thudc cac yéu to sau:

a) S6 1an xuat hién cta token w trong mdi kho thu rac va thu hop 1¢.

b) Tong s6 thu trong mbi kho thu rac va thu hop 1é.

d) Tong s6 tan suat cua tat ca token.

d) S6 thu chira token trong mdi kho thu rac va thu hop 18.

Ngoai ra, viéc thay doi hé s6 "2" trong truong hop khac nhau dé ting cuong kha ning

nhan biét thu rac hay thu hop 1.

Tir day, chung toi dwa ra mot s cong thic tinh xac suit 1a Spam cta mdi token nhu

nhu sau.

— Phu thudc vao cac y€u t0 a-c, ta dugc cac cong thirc:

SAW)

P(S|W) = <z “sizcey
STA HTA

SA(w)

P(S|W) = sz iz
STA HTA

SAW)

P(SIW) = —sam Saimen
STA HTA

— Phu thudc vao cac y€u to a-b, ta dugc cac cong thirc:

SA(w)

P(SIW) = sz Samy
STM + HTM

SAW)
P(S|W) = sz aeey (Paul Graham)
STM HTM

SAW)

P(Slw) = %
STM HTM

— Phy thudc vao cac yéu td b-d, ta dugc cac cong thirc:

STM(w)

P(S\W) = srmem —fimsicey
STM HTM

STM(w)

P(SIW) = smwew irmwicwy
STM HTM

STM(w)

P(Slw) = W
STM HTM

(10)

(10.1)

(10.2)

(11

(11.1)

(11.2)

(12)

(12.1)

(12.2)



146 | TRUGING BAI HOC THU DA HA NOI

— Phu thudc vao cac y€u to c-d, ta dugc cac cong thirc:

SA(w)

_ STM(W)
P(S|W) =~z —mae
STM(w) HTM((w)

SAW)

_ STM(w)
P(SIW) = <z —Hae
STM(w) “HTM(w)

SA(w)
_ STM(w)
P(Slw) = AW, AT
STM(w) HTM(w)

— Phu thudc vao cac yéu t6 a-b-d, ta duoc cac cong thirc:

SA(W)STM(w)

_ STM_STM
P(Slw) = SAWSTM(w) . HA(WYHTM (W)
STM STM ' HTM HTM

SAW)STM(w)

_ STM _STM
P(Slw) = SAW)STM(W) , . HAWYHTM(W)
STM STM ' “ HTM HTM

SAW)STM(w)

_ STM _STM
P(Slw) = SAWSTM (W) . HA(WHTM (W)
STM STM ' HTM HTM

— Phy thudc vao cac yéu tb a-b-c-d, ta dugc cac cong thirc:

SAW)STM(w)

— STA _STM
P(Slw) = SAWISTM(W) . HA(WYHTM(W)
STA STM ' HTA HTM

SA(W)STM(w)

— STA _STM
P(Slw) = SAWSTM(w) - HAGW)HTM(w)
STA STM '~ HTA HTM

SA(W)STM(w)

_ STA _STM
P(Slw) = SAW)STM(w)  HAW)HTM W)
STA STM ' HTA HTM

(13)

(13.1)

(13.2)

(14)

(14.1)

(14.2)

(15)

(15.1)

(15.2)

Néu sir dung nhom céc cong thirc 10-12-13-14-15 thi vin dé trong nhan xét (2) c6 thé

dugc khic phuc.

4. THU NGHIEM

Tap dit lieu mdu CSDMC2010 SPAM [11]. Tap dit licu hudn luyén bao goém

SpamTrain va HamTrain.

4.1. Thir nghiém 1

HamTrain c6 2808 thu hop 18, SpamTrain c6 1238 thu rac. Tap dir lidu test bao gdm
HamTest (141 thu hop 18) SpamTest (140 thu rac). Cac bang 2, 3 va 4 thong ké d6 chinh
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xac phan loai Spam thong qua thong ké chi s6 Precision trong cac truong hop: khong ¢ hé
s6 "2", hé sb "2" dé tang cuong nhan thu hop 1€, hé s6 "2" @é tang cuong nhan thu rac.

Bang 2. Théng ké do chinh xac phan logi tap thuw rac va thu hop 1¢é
trong triwong hop khong c6 hé so 2

Cong thirc SPAM HAM
10.1 62.857 96.454
11.1 98.571 92.908
12.1 98.571 90.780
13.1 90.714 94.326
14.1 98.571 85.816
15.1 94.286 92.199

Tir bang 2, chiing ta thiy d6 chinh xac nhan SPAM cua cac cong thire 11.1, 12.1 va 14.1
1a cao nhit. Trong khi d6, d6 chinh xac nhan HAM cua céac cong thirc 10.1 1a cao nhét.

Bang 3. Théng ké do chinh xac phan logi tap thw rac va thu hop 1¢é
trong trieong hop hé sé 2 dé tang nhdn thie hop 16

Cong thire SPAM HAM
10.2 83.571 96.454
11.2 89.286 96.454
12.2 87.143 95.035
13.2 82.143 95.745
14.2 93.571 92.908
15.2 80.714 93.617

Tir bang 3, chiing ta thdy do chinh x4dc nhan SPAM cua cic cong thirc 14.2 1a cao nhat.
Trong khi do, do chinh xac nhan HAM cua céac cong thiic 10.2 va 11.2 1a cao nhat.

Bang 4. Thong ké d chinh xdc phan logi tdp thw rdc va thw hop 1é
trong trieong hop hé sé 2 dé tang nhan thi réc

Cong thirc SPAM HAM
10.3 97.857 92.908
11.3 99.286 82.270
12.3 99.286 80.142
13.3 98.571 85.816
14.3 99.286 79.433
15.3 98.571 86.525
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Tir bang 4, ching ta thdy do chinh xac nhan SPAM ctia cac cong thirc 11.3, 12.3 va 14.3
1a cao nhit. Trong khi d6, d6 chinh xac nhan HAM cua céac cong thirc 10.3 1a cao nhét.

4.2. Thir nghiém 2

HamTrain c¢6 2535 thu hop 1¢, SpamTrain ¢6 1014 thu réc. Tap dit liéu test bao gobm
HamTest (414 thu hop 18) SpamTest (364 thu rac). Cac bang 5, 6 va 7 thong ké do chinh
xéac phan loai Spam thong qua thong ké chi s6 Precision trong cac truong hop: khong ¢ hé
s6 "2" hé sb "2" dé tang cuong nhan thu hop 1€, hé s6 "2" dé tang cuong nhan thu rac.

Bang 5. Thong ké dé chinh xdc phan loai tdp thw rdc
va thue hop 1é trong trwong hop khong c6 hé sé 2

Cong thirc SPAM HAM
10.1 59.066 98.068
11.1 98.077 95.652
12.1 98.626 93.720
13.1 89.835 96.135
14.1 98.901 87.923
15.1 93.132 93.237

Tir bang 5, chiing ta thdy do chinh x4dc nhan SPAM cua cic cong thirc 14.1 1a cao nhat.
Trong khi do, do chinh xac nhan HAM cua céac cong thiic 10.1 1a cao nhat.

Bang 6. Thong ké d chinh xdc phan logi tdp thw rdc va thw hop 1é
trong truong hop hé sé 2 dé tang nhan thir hop 16

Cong thirc SPAM HAM
10.2 78.571 97.826
11.2 86.813 98.068
12.2 88.736 96.618
13.2 77.747 97.826
14.2 90.659 93.720
15.2 77.473 94.686
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Tir bang 6, chiing ta thdy do chinh x4ac nhan SPAM cua cac cong thirc 14.2 1a cao nhat.
Trong khi d6, d6 chinh xac nhan HAM cua cac cong thirc 11.2 1a cao nhéat.

Bang 7. Théng ké do chinh xac phan logi tap thuw rac va thu hop 1¢é
trong trieong hop hé sé 2 dé tang nhdn thi réc

Cong thuce SPAM HAM
10.3 95.879 94.686
11.3 99.725 84.541
12.3 99.725 82.126
13.3 98.626 87.923
14.3 99.725 81.159
15.3 98.077 89.855

Tir bang 7, chiing ta thay do chinh x4c nhan SPAM cua cac cong thic 11.3, 12.3 va 14.3
1a cao nhit. Trong khi d6, d6 chinh xac nhan HAM cua céac cong thirc 10.3 1a cao nhét.

4.3. Thir nghiém 3

HamTrain c6 2448 thu hop 1¢, SpamTrain c6 986 thu rac. Tap dir liéu test bao gom
HamTest (501 thu hop 1¢) SpamTest (392 thu rac). Cac bang 8, 9 va 10 théng ké do chinh
xéac phan loai Spam thong qua thong ké chi s6 Precision trong cac truong hop: khong c6 hé
s6 "2" hé sb "2" dé tang cuong nhan thu hop 1€, hé s6 "2" dé tang cuong nhan thu rac.

Bang 8. Thong ké dé chinh xdc phan loai tdp thw rdc
va thue hop 1é trong trwong hop khong c6 hé sé 2

Cong thirc SPAM HAM
10.1 58.929 98.204
11.1 98.469 95.808
12.1 98.469 93.613
13.1 90.051 96.407
14.1 98.980 88.224
15.1 91.837 92.814
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Tir bang 8, chiing ta thdy do chinh x4c nhan SPAM cua cac cong thirc 14.1 1a cao nhat.
Trong khi d6, d6 chinh xac nhan HAM cua cac cong thirc 10.1 1a cao nhéat.

Bang 9. Thong ké d chinh xdc phan loai tdp thu rdc va
thuw hop 1é trong triong hop hé sé 2 dé tang nhdn thi hop 1é

Cong thirc SPAM HAM
10.2 78.571 98.004
11.2 85.459 98.204
12.2 87.500 96.607
13.2 76.786 98.004
14.2 90.051 93.413
15.2 75.765 94.810

Tir bang 9, chiing ta thdy do chinh x4dc nhan SPAM cua cic cong thirc 14.2 1a cao nhat.
Trong khi d6, d6 chinh xac nhan HAM cua cac cong thirc 11.2 1a cao nhéat.

Bang 10. Thé'ng ké do chinh xac phdn logi tap thuw rac va
thuw hop 1é trong treong hop hé sé 2 dé tang nhdn thie rac

Cong thure SPAM HAM
10.3 95.918 94.611
11.3 99.745 85.030
12.3 99.745 82.236
13.3 98.724 87.625
14.3 99.745 82.036
15.3 97.959 89.820

Tir bang 10, chiing ta thdy d6 chinh xac nhan SPAM ciia cac cong thuc 11.3, 12.3 va 14.3
1a cao nhit. Trong khi d6, d6 chinh xac nhan HAM cua céac cong thirc 10.3 1a cao nhét.

5. KET LUAN

Trong bai béo ndy, chung t6i di thao ludn, phan tich vé ki thuat loc Spam str dung
Bayes. Tir d6, dua ra mot sd cach tinh xac suit 1a Spam ctia token. Thir nghiém cho thdy d6
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1a nhitng phuong an thay t6t cho bo loc Spam duya trén Bayes trong nhimg truong hop
khac nhau.

Thong qua nhan xét trong cac thir nghiém, ching t6i thiy rang:

— Trong trudng hop khong c6 hé s6 "2", cac cong thirc 11.1, 12.1 va 14.1 cho d6 chinh
x4c nhan SPAM cao nhit; cong thirc 10.1 cho d¢ chinh xac nhan HAM cao nhét.

— Trong truong hop hé s6 "2" dé ting cudng nhan hop 18, cac cong thic 14.2 cho do
chinh x4c nhian SPAM cao nhét; cong thirc 11.2 cho d¢ chinh x4c nhan HAM cao nhét.

— Trong trudng hop hé sd "2" dé ting cudng nhan rac, cic cong thirc 11.3, 12.3 va
14.3 cho dd chinh xac nhan SPAM cao nhit; cong thire 10.3 cho @6 chinh xac nhan HAM
cao nhat.

Trong nghién ctru tiép theo, chung t6i du kién dé xut cong thirc tinh x4c suét 1a Spam
m&i cho mdi token sir dung logic mo.
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ASSESSING SOME METHODS OF CALCULATING SPAM
PROBABILITY OF TOKENS APPLIED IN SPAM EMAIL
CLASSYFICATION

Abstract: Spam email classification is interested in researching for long time in the world
with many different approachs. Spam classification functions are intergrated in Mail
Server or Mail Client. Currently, the traditional methods still have certain weaknesses, so
statistical machine learning classification method based on the content has been proven
morve effective. Wherein, Bayes-based spam classification has some advantages such as
simplicity, ease of use and short execution time, so it is implemented widely in Mail
Server or Mail Client systems. This paper evaluates some methods of calculating spam
probability of Tokens by using application of spam email classification.

Keywords: Spam, spam email classification Bayes, statistical machine learning, Tokens,
Spam, Ham.
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sU DUNG TiNH NGUYEN TO DE GIAI BAI TOAN CUC TR
TREN TAP DOI SO NGUYEN

Hoang Ngoc Tuyénl
Truong Dai hoc Thu do Ha Noi

Tém tdt: Bai viét dé cdp dén mét sé bai todn cuc tri (Tim gia tri lon nhat hay gia tri nho
nhat ciia ham so6 trén tdp hop cdc doi s6 nguyén). Cac bai todn minh hoa mang mau sdc
$6 hoc béi né xudt phat tir cac véin dé cia s6 hoc nhu tinh chia hét, tinh chan 16, tinh
nguyeén 10, ...

Lop bai toan cuc tri nay, vi Iy do trén né mang nhitng nét ddc thu riéng voi cach gidi
bang cach vin dung cdc kién thire sé hoc, trén co sé tudn thi nhitng nguyén Iy co ban
ciia Ly thuyét cuc tri.

Tir khéa: Nguyén Iy phén rd, Gid tri lom nhat, Gid tri nho nhdt.

1. MO DAU

Thong thudng, dé giai bai toan cyc tri ta thudng sir dung cong cu cua giai tich Toan
hoc nhu dao ham, tich phan. Tuy nhién cac dbi tuong dé cap nhén cac gia tri roi rac, do
vay ndi chung cac phuong phap giai truyén théng khong ap dung dugc.

Vi 1§ @6, dimg vé goc do ciia bai toan cuc tri di nhién trong khi giai ngoai viéc tuan tha
cac nguyén 1y co ban cua Ly thuyét cyc tri, ta st dung cong cu chinh 1a phuong phap dic
trung ctia s6 hoc nhu: 1y thuyét dong du, tinh nguyén t4,... ciing nhu ap dung céc dinh Iy
quan trong ctia Ly tuyét s6 nhu: dinh 1y Euler, dinh 1y Fecma,...

2. MOT SO KIEN THUC CHUAN BI
2.1. Tinh chia hét trong tip hop s6 nguyén
2.1.1. Dinh nghia

Vi hai s0 nguyén a va b, ta noi a chia hét cho b (hay a 1a bgi ctua b, hay b 1a uéc
cua a), néu ton tai sO nguyén ¢ sao cho a=b.c

/'Nhan bai ngay 10.3.2017; chinh sira, giri phan bién va duyét dang ngay 20.3.2017
Lién hé tac gia: Hoang Ngoc Tuyén; Email: hntuyen@daihocthudo.edu.vn
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Khi d6, taky hiéula a:b
Nguoc lai, ta néi a khong chia hét cho b
2.1.2. Mt s tinh chit co bdn ciia tinh chia hét

(i) Néu a,b nguyén duong ma a:bthi a > b

(i) Néua ib,Vi=1,n thi (a +a,+..+a )ib

(iii) Voi hai sb nguyén khong am bat ky a va b, trong d6 b = 0, ludn ton tai cap sb
nguyén duy nhit q va r sao cho: a =bq + r. Trong d6 0 < r < b (Hay r nhan mét trong cac
gia tri 0; 1; 2;...; b-1)

2.2. SO nguyén tb

2.2.1. Pinh Iy co bin vé so nguyén té

Pinh Iy: Cho n 14 s6 nguyén duong 16n hon 1. Khi d6 n luén biéu didn mét cach duy
nhit (hiéu theo nghia khong tinh dén viéc sip xép cac nhan tir):

n=p“p,"2.p*
Trong do o,(i= 1,_1() 1a cac s6 tu nhién va p; 1a cac s6 nguyén t6 thoa mén:
1< p1 <... < px (Dang khai trién chinh tic ctia s6 nguyén duong n)
2.2.2. Dinh Iy nho Fecma
Pinh ly: Néu p nguyén t5 va a la sb nguyén tuy y, thi (@ -a)ip
Noi riéng: khi (a, p) = 1 thi (a?' -1)ip
2.2.3. Dinh Iy (M06i lién hé giiva tinh chia hét va sé nguyén té)
Pinh Iy: Gia sir a va b 1a s6 nguyén duong, p 1a sé nguyén tb.
Néu ab:p thi hodc a:p hodc bip
2.3. Pong du

2.3.1. Mgt s6 tinh chit co bin ciia déng du
(i) Néu a =b(mod n) va ¢ =d(mod n) thi a+c=b+d(modn) va ac=bd(mod n)

(ii) Néu p nguyén t6 va ab=0(mod p) thi a =0(mod p) hay b = 0(mod p)
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2.3.2. Dinh ly Euler
Pinh ly: Néu m 1 s6 nguyén duong va (a, m) = 1 thi a*™ =1(mod m)
Trong d6 ¢(m) 1a s6 cac s6 nguyén dwong nho hon m nguyén t6 cung nhau voi m.
(#(m) dugc goi 1a Phi-ham o-le)
2.4. Ham phin nguyén
2.4.1. Dinh nghia
Véi s6 thuc x, ta goi phan nguyén cia x, ky hiéu [x] 1a s6 nguyén 16n nhat khong
vuot qua X.
2.4.2. Cidc tinh chit quan trong
(1) [X]=a<:>x=a+d trong d6 anguyén va 0 <d <1
(i1) [X+y]= x thix nguyénva 0<y<l1
(iii) Vn e Z = [n+x]=n+[x]
(v) [x+y]=[x]+[y]

(v)VneN = n[x]<[nx]
(vi) Vn,qeN,q#0= q[g} <n
q
1

(vii) [x +ﬂ =[2x]-[x]
2.5. Gia tri 16n nhat va nhé nhit ciia ham so6
2.5.1. Dinh nghia

Cho ham s6 f(x) xac dinh trén mién D (x € D)

Tanoi M 1a gia tri 16n nhét ctia ham s f(x) trén mién D, va ky hiéu:

f(x)<M;VxeD

M = max f(x) néu
xeD Ix, e D;f(x,) =M

Ta cling ndi m 1a gia tri nhd nhat ciia ham so f(x) trén mién D, va ky hi¢u:

f(x)>m;Vx e D

m = min f(x) néu
xeD 3Ix, € D;f(x,) =m



156 | TRUGING BAI HOC THU DA HA NOI

2.5.2 Nguyén ly phin ra
Gia sir ham s6 f(x) x4c dinh trén mién D va D = D, U D, . Gia thiét ton tai:
max f(x), max f(x), min f(x), min f(x) .
Khi do, ta co:
max f(x) = max {max f(x), max f(x)}
xeD D,

xeD, xe

Xe

mi]gl f(x) = min {min f(x), m%)n f(x)}

xeD,

3. MOT SO BAI TOAN MINH HQA

Nhu da trinh bay, bai viét dé cap dén mot 16p cac bai toan cuc tri cia ham sb trén tap
céc dbi s6 nguyén c6 cac tinh chét sb hoc nao d6. Ciing xin nhéc lai, cac bai toan nay, nhin
chung khong thé sir dung phuong phap truyén théng ctia giai tich vi hai Iy do sau:

— MOt 12 bai toan xét trén tap roi rac cia bién sd (vi 18 d6, khong st dung dugc cac
tinh chat dep d& cua tinh lién tuc, tinh kha vi ciia ham s dé giai quyét bai toan)

— Hai 14 trir mot sb truong hop, d6i khi ham muc tiéu (tre 12 ham can lay gia tri 16n
nhat hay nhé nhét) khong cho dudi dang tuong minh thong thuong, nd duge dién dat dya

vao mot tinh chat nao dé cua so hoc.

Cho nén, cong cu chinh dé giai cac bai toan cyc tri nay 14 dua vao cac két qua quen
thudc cta s6 hoc nhu 1y thuyét dong du, 1y thuyét vé& sé nguyén t6 ciing nhu str dung céc
dinh 1y kinh dién cua s6 hoc nhu dinh 1y Fecma, dinh 1y Euler,...

Bai toan 1: Cho n 14 s6 nguyén duong, ky hiéu 7(n)1a sé cac sé nguyén td khong vuot
quéa n. Tim gia tri 16n nhit cta ham sé ¢(n) = n(n) -%.

Phdn tich va cach gidi:

Tir dinh nghia ham ¢(n), bang cach tinh truc tiép, ta co:

n|12345678910111213

1 1 1 1 1 1 1
n|{——0 —0 -0 -0 — -1 — -1 —
o(n) 2 2 2 2 2 2 2
= max ¢@(n) =l (1)
1<n<13 2
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Xét véi n >15: Trong day sb {1,2,.....n-1, n} cac sb chan {2,4,...., 2{%}} 1a hop sb

va sd cac s6 do 1a {%} -1. (Ky hi¢u [X] 1a phan nguyén cuia s6 x)

Ngoai ra, ciing trong ddy sd trén, ba s6 1é {1, 9, 15} khong nguyén t6

Nhu vay, khi n >15 theo dinh nghia 7(n) va lap luan trén ta co:

n(n) < n-({%}-lﬂ%)
Tur d6 suy ra:

() < n-[ﬂ-z )
Vi [E}>E-l nén ta cb
2 2

n-{g}-2<n-£+l-2=2-l 3)
2 2 2
Tu (2) va (3) suy ra:

Vn>15:¢(n) = n(n)—g< 1 @)

Mat khac:
¢(14) =n(14)-7 = -1 = maxe(n) = -1 %)

n=14
Theo nguyén ly phan ra va tr (1),(4) va (5), ta co:
max@(n) = max{max@(n), maxe(n) } = max{l,—l} _1
I<n<13 n>14 2 2
Bai toan 2: Cho 3 sb nguyén t6 khac nhau a, b, ¢, saochoa+b+c,a+b—c,a—b+
¢, b + ¢ — a ciing la cac s0 nguyén to. Bi€t rang, hai trong ba so a, b, ¢ c6 tong bang 800.
Goi d 1a khoang cach giira s6 1on nhat va s nho nhat trong 7 s6 da cho. Tim gia tri 16n
nhét cua d.
Phdn tich va cach gidi:
Khong mat tinh tong quat c6 thé gia sir:

a+b=2800va a<b (do vai tro binh dang giira a, b, c)
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Néu ¢ >800 thi a+b-c<0.Diéuniy mau thudn vi a + b — ¢ 1a s6 nguyén t6

Vay a+b-c>2 va ¢ <800

Hién nhién s6 16n nhat trong 7 sd trén laa+ b+ ¢

S6 nguyén t6 16n nhat va nho hon 800 1a 797

Véi gia st nhu trén: a+b+c=2800+c<800+797 (Doc <800 va ¢ nguyén td)

Véaynén a+b+c<1579

Ngoaira, a, b, ¢ 1a cac sb 1é. That vay, néu mot trong 3 s6 14 s6 chan thi sb d6 1a 2.

Theo dau bai thi 2 trong 3 s a, b, ¢ c6 tong bang 800 nén s& c6 nhiéu hon 1 sé chin
(Picu nay la khong thé vi s6 nguyén to chan duy nhat 1a 2).

Viya,b,cléevidoddéa+b+c,a+tb—c,a—b+c, b+c—aciinglé. Do dé sd bé
nhat lon hon hodc bang 3. Va d <1597-3=1594

Mait khac, khia, b,c,a+b+c,a+b—c,a—b+c,b+c—anhan cac gia tri trong day:
13,787,797, 1597, 3, 23, 1571 thid= 1597 -3 =1594

Vay d_ =159%4
Bai toan 3: Tim gi4 tri nho nhét ciia s6 nguyén dwong n sao cho n” + n + 1 phan tich
duoc thanh tich cua 4 s6 nguyén to.
Phdn tich va cach gidi:
Gia st n> +n+1=p,.p,.ps.p,; p; nguyén té va p, <p, <p, <p,
Do n+n+l=n(n+1)+1 ta suy ra n>+n+1 1a s6 1¢ (do n(n+1) chin) va cac sb
P,»P,,P5. P, cling 1&. Vay p, 3.
n(n+1) ¢ thé tan ciing 14 0, 2, 6 nén n” +n+1c¢6 thé tan cung 13 1,3,7
Nhu vy n® +n+1 khong chia hét cho 5 suy ra p, khong chia hét cho 5
+Néu p, =3=n’+n+1=3p,p,p, = (0’ +n+1):3=>n=3k+1(k eN)
That vay, néu n =3k = n’ +n+1=9k>+3k+1 khong chia hét cho 3
Néu n=3k+2=n>+n+1=9k>+15k +7 khong chia hét cho 3
Vayn=3k+1van*+n+1=Gk+1)>+Gk+1)+1
= Bk +1)> +(Bk+1)+1=3p,p,p,
= 3k’ +3k +1= p,p,p, = p,p,p, khong chia hét cho 3
= p,khong chia hét cho 3
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Mit khéc, p, khong chia hét cho 5= p, > 5
+Néu p, = 7thi: 3k* +3k+1="Tp,p, = (3k* +3k +1):7
k=7t+1
=
k=7t+5
Do ta tim n bé nhat nén chon k=7t+1. Khi d6 ta c6 21t +9t+1=p,p,
Chon p, =7taco
212 +9t+1="p,
= 217 +9t+1):7=>t=Tm+3,meN
Tu @6, ta duoc
n =3k+1 =3(7t+1) + 1=3[7(7Tm+3)]+4 = 147m + 67
Dé n nho nhét, ta chon m = 0. Khi d6 n=67 va n* +n+1=67"+67+1=3.7.7.31
Vay n = 67 1 s6 nguyén duong nho nhét thoa méan dau bai.
Bai toan 4: Tim gia tri nho nhat cta s6 nguyén duong n thoa mén:
prooo 1120, v6i p,,p,s....p, nguyén t 1én hon 10
i=l
Phdn tich va cach gidi:

Do 3 nguyén t6 nén theo Dinh 1y Fecma ta co:

Vi=1,n ma (p,’-p,) = 0(mod3)thi p,(p,”-1):3
Vi p, nguyén t6 1on hon 10 nén
(p:3)=1=(p7-1)i3=p;’ =1(mod3);Vi=1,n (1)

Do 5 nguyén tb va lap luan twong tu, ta cling co:

p,’ =1(mod5);Vi=1,n )

Vi p, nguyén t6 16n hon 10 nén p,1é. Do 6 p, = £1(mod 8) hodc p; =+3(mod 8)

= p,’ =1(mod 8);Vi=1,n 3)
Tu (1),(2),(3) suy ra:

p. > =1(mod 3);p,**" =1(mod 5);p,**” =1(mod 8),Vi=1,n
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Mait khéc, cac sb 3, 5, 8 d6i mot nguyén td cung nhau nén:

P =1(mod 3.5.8),Vi=1,n = p>** =n(mod 120) )
i=1
Theo gia thiét:
-1

Tir (4) va (5) ta két luan n?120. Lai do n >0 nén n >120

Vay gi4 trj nho nhat can tim 1a 120.

4. KET LUAN

Bai viet khai thac tinh nguyén t0 cta s6 nguyén duong dé ap dung vao giai mot so bai
toan cyc tri mang dac trung so6 hoc (khi doi so cuia n6 hoac 1a so6 nguyén to, hoac 1a so
nguyén nhung c6 mdt so tinh chat nao do lién quan chat ché vdi so6 nguyén t0).
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FINDING THE EXTREMA OF A FUNCTION ON INTEGERS BY
USING PRIME PROPERTIES

Abstract: In this paper, we try to find the maxima and minima of functions with integer
arguments. Our illustrative examples derived from arithmetic problems involving
divisibility rules, parity and properties of primes. Therefore, this class of extremum
problems has its own characteristic. Besides the traditional approaches in calculus, these
problems can be solved by applying fundamental principles, methods and concepts of
calculus and arithmetic knowledge.

Keywords: Decomposition principle, extrema, maxima, minima
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