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Abstract

This study attempts to examine the relationship between service quality dimensions and overall service quality (curriculum,
reputation, responsiveness, facilities, empathy, costs, competence) and students’ satisfaction at Global INEX Chinese
Center. Furthermore, this study is also to examine critical factors in service quality dimensions that contributes most to
the satisfaction of the students. This study was conducted using a set of questionnaires distributed to 140 learners from
Global INEX Chinese Center. The empirical results of this study can support this Chinese Center in observing, assessing,
simultaneously improving its service quality.

Keywords: Service quality, foreign language center, customer satisfaction.

Tém tit

Nghién ctru nay nd luc dé tim hiéu mbi quan hé giita cic nhan t6 tao nén chét lugng dich vu giao duc (nhw 1 chwong trinh
dao tao, danh tiéng, su nhiét tinh, co s& vat chét, su thiu cam, chi phi va nang luc) va sy hai long cua hoc vién tai trung
tam tiéng Trung Global INEX. Hon nita, nghién ciru ndy ciing tim hiéu nhirng nhan t6 then chdt tao ra sy thoa méan cua
hoc vién khi str dung dich vu gido duc tai day. Nghién ctru dugc thuc hién béng viéc khao sat 140 hoc vién dang hoc tap
tai trung tam. Két qua cua nghién ciru ¢6 thé dugc sir dung dé cung cap thong tin cho trung tim trong viéc quan sat, danh
gi4 va cai thién chit lugng dich vu ciia ho.

Tir khéa: Chat luwong dich vy, trung tam ngoai ngit, sy thoa man cua khach hang.

1. Introduction
According to the latest statistics, the General

average, every 10 international travelers, there are
about 3.5 Chinese visitors. The number of Chinese

Statistics Office released that Chinese tourists
traveling to Vietnam are on the increase in recent
years. Specifically, in the first four months of
2017, there are about 4.2 million international
travelers in the country and there are more than
1.2 million Chinese travelers among them. On

Email: khanhlyxd@gmail.com

visitors is 1.7 times higher than the number of
Korean visitors to Vietnam (the second largest
tourist market in Vietnam) and 4.6 times more
than the number of visitors from Japan. This year
was recorded to set a new record in the tourism
market with an increase of 61.1% compared with
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the same period in 2016, which implied that the
strong growth of Vietnam’s tourism is due largely
to the contribution of Chinese tourists.

Besides, the context of the world today is the
whirlwind of globalization. Human resource
competition arises among nations. Human
resources from other countries will enter the
Vietnamese market and compete directly with
the Vietnamese employees and vice versa. This
creates a diversity in the labor market, thus
businesses are more demanding of their human
resources. Especially if employees can use
multiple languages, companies absolutely give
priority to them over the employees who do not
speak any foreign languages.

Based on the above facts, I chose the topic: “A
study on factors influencing learner’s satisfaction
at Global INEX Center”.

Global INEX Co., Ltd. was established and
operated in 2012 with occupations related to
tourist services. Until 2016 the company began to
specialize in the field of education and acted as
a Chinese Language Center. Mr. Ly Tong Lam is
the founder of Global INEX Chinese Center. He
is a native of Taiwan but has lived and worked
in Vietnam for over 10 years. During his first
seven years in Vietnam, Mr. Ly had to learn
Vietnamese as one of his job’s requirements.
Through the process of learning hard to become
proficient in Vietnamese, he has accumulated a lot
of experience in learning a new foreign language.
In particular, Mr. Ly grasped the similarities
between Chinese and Vietnamese. After learning
Vietnamese fluently, Mr. Ly launched the idea
of setting up Global INEX Center to support
Vietnamese students to access Chinese in a new
way from his experience. Currently, the Center
owns two teaching establishments:

Establishment 1: 45 - 47 Le Quy Don street,
Binh Thuan ward, Hai Chau district, Da Nang

Establishment 2: 72 Ham Nghi street, Thac
Gian ward, Thanh Khe district, Da Nang city.

Each establishment is equipped with air
conditioning system, sound system to support
learners in learning process, lighting system,
projector, furniture to serve up to 25 students per

class (in accordance with the quality standards
prescribed by Vietnamese law). The registration
office of the Center is located at establishment 2,
all registration procedures are carried out at this
location. The counselor supports enrollment and
pre - entry tests.
2. Literature review

2.1. Service, educational service, service
quality and customer satisfaction

2.1.1. Definition of service

Services are  deeds, processes, and
performances to create value for customers to
meet the need and expectations of customers.
Quinn and Gagnon [1] also define services by
exclusion. According to them, “Services are
actually all those economic activities in which
the primary output is neither a product nor a
construction.” Shortcomings of this definition
are apparent. It can classify non - exchange
economic activities — activities done for oneself,
for example - as services, and it does not explain
why construction activities cannot be services.

Gronroos [2] defines a service as “a process
consisting of a series of more or less intangible
activities that normally, but not necessarily
always, take place in interactions between the
customer and service employee and/or physical
resources or goods and/or systems of the service
provider, which are provided as solutions to
customer problems.” Unlike other definitions, this
definition is also concerned about the objective of
the exchange. However, this definition also cannot
identify services unequivocally because it is fuzzy
— “more or less”, “normally, but not necessarily”,
and it provides room for exceptions - “and/or”.

Kotler et al [3] define services by combining
the acts - based and ownership - based definitions.
According to them, a service “is any act or
performance one party can offer to another that
is essentially intangible and does not result in
the ownership of anything”. This definition
combines the two definitions in such a way that it
will classify fewer kinds of exchanges as services
than will be classified by each of the definitions.

There are plenty of the definitions of services
from previous researches, but in this research,
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the service defined by Zeithaml, V. A. & Bitner
[4] is adequate and appropriate.

2.1.2. Educational service

Education in its broadest sense is any act or
experience that has a formative effect on the mind,
character or physical ability of an individual. It is
the process by which society deliberately transmits
its accumulated knowledge, skills and values from
one generation to another through institution. [5]

Education also has the same characteristics as
all other services that are invisible, people can
consume immediately. However, educational
services have some characteristics that other
services do not. They can “stock™ into personal
knowledge and become knowledgeable. They
have a social attribute that other goods and
services (collectively called “products”) do not
have, and educational services can be classified
as commodities of a public nature. [6]

2.1.3. Service quality

Service quality has become a major area
of attention during the past few decades for
managers, researchers, practitioners because of
its huge impact on business performance of firms.
According to Brown and Swartz, customers
prefer and value companies that provide high
service quality. Thus, the attainment of quality
in products and services has become a drive
concern of the 1980s. Customers judge service
quality relative to what they want by comparing
their perceptions of service experiences with their
expectations of what the service performance
should be. Marketers described and measured
only quality with tangible goods, whereas
quality in services was largely undefined and un
- researched.

Service quality is viewed as a form of attitude
representing a long - run overall evaluation.
Maintaining service quality at certain level and
improving service quality must be life - time
efforts to those companies who desire life - time
prosperity in customers’ heart. Gronroos in this
line of propositions defined service quality as a
difference between customer expectations of “what
they want” and their perceptions of “what they get”.

2.1.4. Customer satisfaction

Those who buy goods or services provided
by companies are customers. In other words, a
customer is a stakeholder of an organization
who provides payment in exchange for the offer
provided to him by the organization with the aim
of fulfilling a need and to maximize satisfaction.
Sometimes the term customer and consumer are
confusing. A customer can be a consumer, but
a consumer may not necessarily be a customer.
Another author explained this difference, i.e. a
customer is the person who does the buying of
the products and the consumer is the person who
ultimately consumes the product [7].

During consumption, customers experience
the product performance and compare it to their
expected product performance level. Satisfaction
judgments are then formed based on this
comparison. The resulting judgment is labeled
positive disconfirmation if the performance is
better than expected, negative disconfirmation if
itis worse than expected, and simple confirmation
if it is as expected. In short, customers evaluate
product performance by comparing what they
expected with what they believe they received.

2.2. Previous research on educational service
quality

The study of Mandy Kruger [8]: “Student
Satisfaction at the University of Twente” found
that overall bachelor students indicate receiving
adequate service in the categories of teachers,
facilities, student life and support services. Only
the curriculum stands out as a dissatisfying factor
influencing students’ satisfaction negatively.
This can be explained by the exceptionally high
expectations students’ hold of the curriculum
prior to beginning their program.

The study of Ashim Kayastha [9] “A study of
graduate satisfaction towards service quality of
university in Thailand” examined satisfaction
of graduate students among higher education in
Thailand. The study focuses on a variety of service
quality factors such as non - academic aspects,
academic aspects, design, delivery and assessment,
group size, program issues, reputation and access.
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The study of Wei Yu[10]: “Improving Customer
Case Compass Foreign Language Training
Centre, China” was to investigate the present
level of customer satisfaction with language
training institutes and find out any possible areas
of improvement”. This thesis will discuss and
analyze the factors that influence the customer’s
level of satisfaction and assist the case company
to analyze the current situation and identify any
existing problems with their services.

Research by Tran Xuan Kien [11]: “Quality

Curriculum

Tangibles

Competence

Responsiveness

Empathy

Price

| Reputation

assessment of training quality at the University
of Economics and Business Administration -
Thai Nguyen University”.

With this topic, the author presents the main
factors affecting the students’ satisfaction with
the quality of training of the school such as:
facilities, the interest of the school to students,
team lecturers, the enthusiasm of the staff and
lecturers, the ability to implement commitments.

2.3. Proposed research model

Customer Satisfaction

Figure 1. Proposed research model

Curriculum refers to the means and materials
with which students will interact for the purpose
of achieving identified educational outcomes. [12]

Educational Facilities means any building
used for instruction of enrolled students,
including but not limited to any day - care center,
nursery school, public or private school, college,
university, medical school, law school, or career
and technical education school. [13]

Competence: Possession of the required skills
and knowledge to perform the service, knowledge
and skill of the contact and support personnel,
research capability of the organization. [5]

Reputation: The term refers to the observers’
collective judgments of a corporation based
on assessments of financial, social and
environmental impacts attributed to the
corporation over time.

Responsiveness willingness or readiness
of employees to provide service, timeliness
of service such as mailing a transaction slip
immediately, calling the customer back quickly,
giving prompt. [14]

Empathy: Caring, individualized attention the

firm provides its customers. [5]

Cost: The definition of Price according to
Philip Kotler is: “Cost is the amount of money
charged for a product or service.” Broadly, price
is the total amount that being exchange by the
customer to obtain a benefit of the product or
service owning.

3. Research methodology

3.1. Qualitative research

Qualitative research is a type of exploration
in which information is collected in qualitative
form through discussion and interpretation
[6]. The results of qualitative research are the
basis for the development of a quantitative
research questionnaire. Information derived
from discussions with research subjects will be
synthesized and is the basis for the adjustment
and addition of measurement variables. Scales
inherited from previous studies, however, different
products and services as well as markets in different
countries will have different characteristics.
Therefore, the results will be synthesized and
adjusted to suit the conditions at the research
place. The information to be collected:
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* Determine the reasonableness of factors
that affect student satisfaction at Global
INEX Center.

» Investigate additional factors that affect
satisfaction

* Adjust the terms and questions in the
questionnaire based on the available scales
with clear word and well understood by
the interviewees.

In addition, the survey conducted to group
of 10 students who are learning at Global INEX
Center to evaluate scales and questionnaire by
convenient sampling method.

In the process of verifying and supplementing the
scale, conducting to interview the following experts.

The official scale in the research model
consists of seven influencing factors and 32
observational variables. This result will be used
for the next quantitative study period.

Table 1. Adjustment scale from qualitative research

Variables Items Codes
1 | Orientation of programs, Course content Curl
] 2 | Degree to which objectives of programs are explained to students Cur2
Curriculum 3 | Level and difficulty of subject content Cur3
4 | Extra-curricular activities are offered to students Cur4
5 | Student Workload Cur5
1 | Clean, spacious, well-equipped classrooms EF1
2 | Lighting in the classrooms EF2
Tangibles/ Facilities 3 | Availability for parking EF3
4 | The appearance of the campus of buildings and ground EF4
5 | The quality of Sound system EF5
1 | Academic credentials of professors Coml
Competence 2 | Professors are friendly and courteous Com?2
3 | Communication skills: courses are well taught Com3
4 | Appearance of professors Com4
1 | Academic reputation, reputation of program of study Repl
2 | Well-rounded education Rep2
Reputation 3 | Teaching capability of lecturers/proficiency Rep3
4 | Lecturers sincere interest in solving student’s problem Rep4
5 | The teaching certificates of foreign teachers Rep5
1 | Students are informed promptly of changes Resl
2 | Fast, hassle-free registration process Res2
Responsiveness 3 | Capacity to solve problems when they arise Res3
4 | Queries are dealt with efficiently and promptly Res4
5 | Availability of staff for student consultation Res5
1 | Staff are willing to give students individual attention Empl
2 | Administration has students’ best interest at heart Emp2
Empathy 5 ;1;1113 ei)i;ent to which lecturers are sympathetic and supportive to the needs of Emp3
4 | Be fair and unbiased in their treatment of individuals students Emp4
5 | Opening time of classrooms to the students Emp5
1 | A variety of Scholarship are offered to students Cl1
Costs 2 | The tuition is reasonable C2
3 | The miscellaneous service charges are reasonable C3
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Customer Satisfaction 2

1 | I am satisfied with my decision to attend this Center CS1
If have a choice to do it all over again, I still will enroll in this Center CS2
3 | I will recommend this language center to my friends/ relatives CS3

3.2. Quantitative research

Preliminary quantitative studies were conducted
to assess the reliability of scales and adjust them to
suit the actual situation. This study was conducted
by using a questionnaire with a 5 - level Likert
scale to measure the importance of factors derived
from qualitative research. The preliminary sample
size was 20 samples and selected by a convenient
sampling method. Data collected from this study
were tested by Cronbach’s Alpha reliability
analysis to remove variables with a correlation
coefficient less than 0.3 and adjusting the variables
in the questionnaire for next research. The sample
was collected from 20 students in a Chinese class.

4. Results
4.1. Cronbach’s Alpha reliability test
Table 2. Cronbach’s Alpha coefficient

Cronbach’s Alpha | Number of items
Curriculum .809 4
Tangibles .880 5
Competence 918 4
Reputation .855 5
Responsiveness .843 5
Empathy .909 5
Cost .873 3
gaisi;%rizfiron 902 3

After performing Cronbach’s Alpha tests for
seven independent variables and one dependent
variable in the research model, all variables had
a Cronbach’s Alpha coefficient of 0.6 and no
variables were excluded. Thus, the Cronbach’s
Alpha test model has seven independent factor
scales (32 observed variables) and one dependent
variable (3 observed variables).

4.2. EFA analysis
In the first EFA analysis, removing the 3

observed variables: Com1, C3, Rep3 because they
did not have any value appearing at any new factor.
This proves that these observed variables do not
load up to factor loadings greater than or equal
to 0.55 on the matrices that should be rejected
(Sample size is 140 patterns, so factor loadings
>=(.55). This suggests that these variables are not
statistically significant in this research.

In the second EFA analysis, removing the 3
observed variables: Com4, Emp5, Emp4 because
they did not have any value appearing at any new
component. This proves that these variables do
not load up to factor loadings greater than or equal
to 0.55 on the matrices that should be rejected
(Sample size is 140 patterns, so factor loadings
>=(.5). This suggests that these variables are not
statistically significant in this research.

In the third EFA analysis, uploaded elements
are grouped into 3 components, no visible
variables appear in the two components, or
no components appear (no loading factor).
Variables have factor loadings greater than or
equal to 0.55.

The Cronbach’s Alpha of all variables is more
than 0.3 and Total Cronbach’s Alpha is 0.901
(more than 0.7 is right), this indicates that the
newly established factors are highly reliable and
they can be included in the adjustment model.

4.3. Adjusted models

After Cronbach’s alpha testing, eliminating
nonsignificant observed variables and analyzing
EFA to find the appropriate factorial rotation and
adjusted model. The official model contains the
five factors that affect student satisfaction when
they participate in Global INEX Center is: (1)
Responsiveness; (2) Lecturers; (3) Reputation;
(4) Facilities; (5) Curriculum.
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Curriculum

Figure 2. Adjusted models

4.4. Multivariate regression analysis

After correlations,
implementing multivariate regression analysis.
How the factors from H1 to H5 factors directly

analyzing Pearson’s

affect to student satisfaction will be done by
multiple linear regression equations.

Y= a,+aHl+a, H2+a H3 +a H4 +aHS

In there, Y is the satisfaction of the students

studying at Global INEX Center, ai is the
regression coefficient of the variables.

Table 3. Multivariate regression analysis: Coefficients

Coefficients®
Model Unstandardized Standardized t Sig. 95.0% Confidence Interval Collinearity
B Coefficients Coefficients for B Statistics
Std. Beta Lower Upper Tolerance VIF
Error Bound Bound
(Constant) | .925 .303 3.049 .003 325 1.524
N1 229 .106 201 2.158 .033 .019 439 .349 2.864
Cur 193 .090 179 2.148 .033 .015 371 437 2.291
EF 189 .100 176 1.894 .030 .008 .386 352 2.841
N2 263 121 214 2.179 .031 502 -.024 316 3.166
N3 497 .084 .507 5.902 .000 331 .664 411 2431

Since the VIF is less than 10, there is no
hyperbolicity. Sig. of all five variables NI,
N2, N3, EF and Cur are less than 0.05, so
five independent variables are correlated and
significant with dependent variable (NCS).
Based on the results of the above tables, we
have a regression equation that expresses the
relationship between student satisfaction and
independent variables:

NCS=0.201*H1+0.214*H2+0.507*H3
+0.176*H4 + 0.179*HS5

Thereby, we can see the strong influence of
the factor H3 - Reputation (f = 0.507) and then
the factor H2 - Lecturers (f = 0.214) and the
HI - Responsiveness (B = 0.201) to the student
satisfaction with the Center. The H5 factor with
B = 0.179, with a small number indicates that
the program significantly impacts on student
satisfaction at the Center. The H4 factor has 3
= 0.176, which suggests that although facilities

have a great impact on student satisfaction, it is
not a determinant of student satisfaction.

5. Conclusion

Based on the purposes of research and
approaches to Global INEX Center, the research
topic: “A study on factors influencing learners’
satisfaction at Global INEX Chinese Center”
has been implemented, the results allow to draw
some conclusions as follows:

Research has developed and validated
the model of the factors which affect student
satisfaction at Global INEX Chinese Center with
7 representative elements: (1) Curriculum, (2)
Facilities, (3) Responsiveness, (4) Reputation,
(5) Empathy, (6) Competence, (7) Costs. In
the process of factorial and correlational EFA
analysis, unsuitable factors were eliminated
and the remaining representational factors have
a positive correlation with student satisfaction.
New elements are synthesized and rebuilt a new
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framework including five factors. Adjusted R
square is 0.577, the model showed that 57.7%
change of student satisfaction was explained by
five new factors.

The satisfaction of students attending to
learn at Global INEX Center is influenced by
5 factors: (1) Responsiveness, (2) Lecturer, (3)
Reputation, (4) Facilities, (5) Curriculum. The
level of influence of the factors is expressed by
the regression equation as follows:

CustomerSatisfaction=0.201*Responsiveness
+ 0.214*Lecturer + 0.507*Reputation +
0.176*Facilities + 0.179*Curriculum.

Statistics show that students are satisfied
with the service at the center with a medium
level. The Reputation factor is appreciated by
students more than other factors, Facilities factor
is lowest evaluated. With the results achieved,
the study illustrated the overall picture of student
satisfaction to the quality of service provided by
Global INEX Center. This will help the Center to
have systematic solutions to improve the quality
of training, to fulfill the set objectives and tasks.
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Abstract

Enhancing collaborative problem - solving skills for IT students is always challenging for every college instructor since
there is usually a lack of opportunity for students to deal with engineering and technological cases in a real - world
business environment. To solve this problem, an integrated learning framework that involves PBL (Problem - Based
Learning) and CDIO (Conceive, Design, Implement and Operate) was applied at Duy Tan University (DTU) to enable
students to develop an integrated software product on the basis of two legacy systems. Specifically, PBL focuses on the
process applied to encourage students to actively construct and utilize knowledge while the use of different stages in the
CDIO approach systematically helps deliver outcomes or outputs which are measurable evidence to the implementation
of such knowledge in a practical situation. This study presents a case of the System Integration Practices Course within
the Software Engineering program at the International School of Duy Tan University to illustrate the deployment of the
proposed framework. Data were collected from two classes of this same course in the Fall semester of the academic year
2016 - 2017 by various research methods such as on - site observation, historical report review, and structured interviews.
The findings show the effectiveness of this integrated learning framework, especially in improving the problem - solving
skills of IT students. Moreover, the results of this study also indicate that there was an improvement in self - learning,
teamwork and engineering practices of students by working together in teams on integrated projects. The experiences and
lessons learned from the implementation of this framework and its remaining challenges are also discussed within the
scope of this paper.

Keywords: CDIO, problem - based learning, collaborative problem - solving skills, software engineering program, system
integration
Tém tit
Nang cao ky ning giai quyét van dé cong tac cho sinh vién nganh cong nghé thong tin luén 1a thach thire d6i voi cac giang

vién khi ma co rat it co hoi dé sinh vién dbi phé véi cac van dé k¥ thuat trong méi truong nghiép vu thyc té. Dé giai quyét
véan dé nay, mot mé hinh hoc tap tich hop giita hai phuong phap PBL (Problem - Based learning - Hoc tip dua trén van
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d&) va CDIO (Conceive, Design, Implement, Operate - Y tudng, thiét ké, thuc hién, van hanh) da dugc ap dung tai dai
hoc Duy Tan cho phép sinh vién phat trién mot img dung tich hop duya trén hai hé théng ké thira. Cu thé 1a PBL tép trung
vao viéc ung dung quy trinh dé khuyén khich sinh vién tich cuc xdy dung va str dung kién thirc trong khi viéc sir dung
céc giai doan khac nhau theo hudng tiép can CDIO mot cach hé thdng s& gitp viéc dua ra cac san pham dau ra c6 thé do
luong duoc va minh chung cu thé cho viéc trién khai va van dung kién thirc trong thuc té. Nghién ctru nay thé hién mot
truong hop 1a mon hoc Thyc hanh Tich hgp Hé thong nam trong chwong trinh dao tao k¥ su phin mém ¢ khoa Pao tao
Qubc té - Pai hoc Duy Tan nham minh hoa cho phuong phép tiép can trén. Dir liéu dugc thu thap tir hai 16p trong hoc
ky mua thu ndm hoc 2016 - 2017 bang nhiéu phuong phap nghién ctru khac nhau nhu quan sat tai chd, phan tich di liéu
lich sir va phong van theo cau hoi c6 kich ban. Két qua nghién ctru cho thdy hiéu qua ciia mé hinh hoc tap tich hop, dic
biét trong viéc ning cao k¥ niang giai quyét vin dé ctia sinh vién nganh cong nghé thong tin. Hon nira, két qua nghién ctru
cling chi ra réng c6 sy cai thién trong viéce tu hoc, lam viéc nhém va thyc hanh k¥ nang cua sinh vién khi lam viéc cung
nhau trong cac du an tich hgp. Nhiing kinh nghiém va bai hoc rut ra trong qua trinh trién khai mé hinh nay ciing nhu cac
thach thte can giai quyét ciing duoc ban luan trong pham vi bai bao nay.

Tir khéa: CDIO, hoc dya trén van dé, k¥ ning hop tac giai quyét van dé, chuong trinh k§ su phan mém, tich hgp hé thng.

1. Introduction

Employers identify collaborative problem
- solving skills as an important criterion when
hiring college graduates to work in any position
and every industry. While everyone is tasked with
some form of collaborative problem - solving in
their workplace, not all employees are good at
it. Students need to develop the ability to apply
collaborative problem - solving skills when faced
with issues or problems that are new to them.
Griffin et al. [1] defines collaborative problem
- solving skills is the abilities to recognize the
points of view of other persons in a group;
contribute knowledge, experience, and expertise
in a constructive way; identify the need for
contributions and how to manage them; recognize
structure and procedure involved in resolving a
problem; and as a member of the group, build and
develop group knowledge and understanding. The
centrality of problem - solving skill is accentuated
when it is found to enhance creativity, enjoyment,
interest, and learning. Since the collaborative
problem - solving skills are important to our
students, how to explore students’ performance in
collaborative problem - solving skills is important
[3][5]. Various studies in diverse disciplines
such as MathematicsCommunicationMedical,
and Social Sciences have shown that problem -
based learning (PBL) methodology has positive
effects on students in building up their problem

- solving skills [7], critical and creative thinking
skills, cooperative and communication skills, and
adaptability [6]. Therefore, at Duy Tan University,
we apply PBL to enhance the students’ skills of
collaborative problem - solving.

Although PBL is a key feature, it is not the
organizing principle of the curriculum. The
curriculum of software engineering is set in a
real - world engineering context of a complete
product lifecycle, i.e., conceiving, designing,
implementing, and operating (CDIO), with
design - build experiences integrated throughout
the program. To solve this problem, an integrated
learning framework that involves PBL and
CDIO was applied at Duy Tan University to
enable students to develop problem - solving
skills and increases students’ factual knowledge.
The CDIO approach to engineering education
was introduced in the early 2000’s. The goals
of CDIO include educating graduates with a
deep and working knowledge of engineering
fundamentals, who can lead in the development
and operation of complex technical systems, and
who have strategic understanding of the role and
impact of technology in society [2]. While CDIO
approach is formalized in the CDIO framework,
consisting of the CDIO syllabus and the CDIO
standards, PBL focuses on the process applied
to encourage students to actively construct
and utilize knowledge. The use of different
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stages in the CDIO approach systematically
helps deliver outcomes or outputs which are
measurable evidence to the implementation of
such knowledge in a practical situation.

This study presents a case of the System
Integration Practices course within the Software
Engineering program at the International School of
Duy Tan University to illustrate the deployment of
the combined teaching methodology between CDIO
and PBL. Data were collected from two classes of
the same course in the Fall semester of the academic
year2016-2017 by various methods such as on - site
observation, historical report review and structured
interviews. The findings show the effectiveness of
this integrated learning framework, especially in
improving the collaborative problem - solving skills
of IT students. Moreover, the results of this study
also indicate that there was an improvement in self
- learning, teamwork and engineering practices of
students by working together in teams on integrated
projects. The experiences and lessons learned from
the implementation of this framework, and its
remaining challenges are also discussed within the
scope of this paper.

2. Theoretical background

2.1. Collaborative problem - solving skills
(CPS)

Collaborative problem - solving (CPS) is a
critical and necessary skill used in education and
in the workplace. It is the capacity of an individual
to effectively engage in a process whereby two or
more agents attempt to solve a problem by sharing
the understanding and effort required to come to a
solution and pooling their knowledge, skills and
efforts to reach that solution. Collaborative problem -
solving involves an individual’s cognitive processing
that engages both cognitive and social skills.
Collaborative problem - solving is particularly useful
when dealing with problems that are complex. The
problem - solving processes include [4]:

* Exploring and understanding include

interpreting the initial information about the

problem and information that is uncovered
during exploration and interactions with
the problem.

* Representing and formulating
include selecting, organizing,
and integrating information with

prior knowledge to figure out the solutions
to problems and identification of relevant
strategies and procedures.

* Planning and executing include identifying
the goal of the problem, setting sub - goals,

developing a plan to reach the
goal state and executing the plan.
The plans may involve  physical

actions, social interaction and communication.

* Monitoring and reflecting involve monitoring
steps in the plan to reach the goal state,
marking progress, and reflecting on the
quality of the progress or solutions.

2.2. The integration between CDIO and PBL

CDIO methodology, which is an innovative
approach for developing skills on problem - solving
through projects, represents an opportunity to teach
nside and outside the classroom. In addition, CDIO
aims to provide students with the necessary tools
to deal innovatively and flexibly with complex
problems within a society. One of the important
properties related to the social engagement of the
CDIO is its active learning perspective. As the
Standard eighth of the Initiative CDIO (2015)
says “teaching and learning based on active
experiential learning methods™ will be crucial for
spaces of practice in engineering at the classroom.
Even more, outside of the classroom, students can
work on projects from the CDIO perspective and
learnfrom other disciplines or other professionals
in an active way. This is possible because CDIO
is an approach based on problem/project - based
education (PBL). In CDIO standards, the 7th and
8th are “Integrated Learning Experiences” and
“Active Learning”, which are the most important
for undergraduate laboratory courses. PBL is
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an effective way to practice active learning and
develop teamwork skills. PBL and CDIO can
play compatible and mutually reinforcing roles,
and thus can be fruitfully combined to reform
engineering education.

3. Methodology

3.1. The course of System Integration
Practices (CS 445)

The objective of this course is to introduce
students to the problems that system engineers
must resolve when integrating systems. In
addition, the course covers some of the solutions to
the system integration problems. Students should
understand the alternative options for a problem
and a set of tradeoffs among solutions. The course
also provides the students with an appreciation for
the technical challenges associated with system
integration. Although the material presented in this
course is specifically addressing integration issues,
students are required to leverage knowledge from
other courses. At the end of this course students
should be able to:

* Understand different
integration

levels of system

* Understand the challenges of maintaining a
consistent global state

* Describe the differences among various types
of middleware

* Describe different types
patterns

of integration

* Identify to avoid some of the pitfalls of

integrating legacy systems

The course consists of lectures on important
integration subjects, case studies and a reflection
assignment. Each case study builds on the
previous case study and requirements will
be found in the case study lecture. The case
study lectures provide the background for each
project that the student teams must successfully
complete. Hereafter, one of the cases of this
course is described and called case project.

3.2. The case project description

ACME is a young construction company
and has offices in different areas of Vietnam.
Currently, they have implemented two systems
to manage human resources and payroll. These
two systems contain a lot of their sensitive and
important information. However, it takes time
and efforts for top management to acquire that
information since they need to generate the
reports from the relevant departments such as the
department of Human Resources Management
and the department of Development and Finance.
They need to create an integrated system which
inherited from two legacy systems to timely
support the demand of senior manager for their
effective decision making. We take the process
of this system development as a case study for
investigating. The procedure to handle the case
project is illustrated in Figure 1.

CEO memo I

Analyze

Problems

Propose

Solution 1

Provide:
2 database files
2 legacy systems

Add more
requirements

Solution 2 I

(Ceoreve ) Cosien ) Gt ) (o]

Final product

Figure 1. The procedure of handling case project

The requirements were delivered to each
group of students of at least five members. With
70 students attend in two classes, we have 17
groups to join this project which is divided into
four stages. At each stage, students address a
part of the project based on specific goals and
requirements. After these four stages, each group
will complete an integrated software solution to
fulfill the requirements of the top management of
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ACME. Each stage lasts from one to two weeks.
Group of five students has to do a project that
assigned by the instructor in the second week of
the course. The detailed conducting process is
illustrated in Figure 2. By combining the PBL
method and CDIO approach, the instructor guides
students to do the project in way of developing
collaborative problem - solving skills.

PBL method

R
Stagel
Problem analysis

H

Stage 2
Alternative solution
identification

H

Stage 3

CDIO approach

Collaborative problem solving

(Moo )
+ Exploring and

Conceive

ﬁ

* Representingand

formulating

* Representingand
formulating
+  Planning and

executing

* Representingand
formulating

System development

H

Stage4d

[ imotement |
—

«  Planning and

executing
Monitoring and

Operate reflecting

|

System testing

Figure 2. The integrated model of conducting case project

3.3. Data collection

Data were collected from two classes of the
same course in Fall semester of the academic year
2016 - 2017 by various research methods such
as on - site observation, historical report review
and structured interviews. The authors attend
the presentation session of every group and ask
questions to clarify the procedure deployed by
students and the way they solve problems. In
addition, while students were performing their
tasks, the authors observed them according to a
list of provided criteria as follows:

e The
application programs.

student understands the legacy

The student is able to solve problems
encountered easily when writing a program.

The student suggests different ways of
writing the coding program.

The proposed solution of the student often
gives the correct result.

The student is able to check the accuracy of
the output of the program.

* The student asks the teacher if there is a
problem when writing a program.

* The student asks a friend if there is a problem
when writing a program.

* The student can write a similar program by
himself/herself.

Every week, the observer could observe
only one class because of her schedule. Thus,
she observed class C, class A, class A, class C
and class B respectively. Because of the time
limitation of the study, class B could be observed
once. The authors also check the contents of final
reports to retrieve more information.

4. Findings
From collected data, the authors classify and

describe the projects based on four stages of
software development process.

Stage 1 - Problem analysis

In this stage, students analyze the assigned
issues, review them and come up with two
solution’s approaches. With each proposed
solution, the student needs to consider the user’s
requirements, and the information provided to
achieve a solution that meets the user requirements
rather than the direction to how software is easily
developed. The students need to complete a
proposal document which addresses issues that
need to be resolved and the reasons for addressing
them. The orientation of the two solution
approaches allows the user to see their expected
information. The students are also required to
analyze the advantages and disadvantages of the
two solution approaches proposed by the team.
They have to submit the proposal and presentation
documents explaining what they did to complete
the tasks. The instructor evaluates the result of this
stage according to following criteria:

*  Problem statement (50%): Students identify the
main focus with the reason of their decision.
They clearly figure out the problems and propose
two solutions for the problems with their own
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benefits of solving these problems. Students
avoid focusing on discussing solutions.

e Vision and alternatives (25%): Students
have two solutions to solve the problems
mentioned. However, it is imperative for
students to present and explain the reasons
for choosing both solutions, and then propose
a solution that they think is more appropriate.

* Alternative advantages/ disadvantages (25%):
With each solution proposed, the team needs
to clarify why this solution is conducive to
deployment and possible difficulties.

In this stage, the proposed models are designed
as follows:

Presentation model

Common presentation

— —

HR presentation PR presentation

f A
\ 4 Y
HR Application PR Application
A A
Y Y

Data model

Commaon presentaticn
A

Y

| Application logic I
4

\ 4

| Midleware

HR Application PR Application

Figure 3. The example results of stage 1

Stage 2 - Alternative solution identification

In this stage, the students identify and select
the most appropriate solution from the two

proposed solutions in Stage 1. They also need
to choose a suitable system integration lifecycle
to implement the project. After selecting the
right solution, an outline design for the intended
product is provided. The students are required
to carry out a project plan to finish the selected
solution; sketch the interface to meet users’
needs; choose the appropriate system integration
lifecycle to implement the project; prepare related
documents (requirement specification, design,
project plan, and etc.). The instructor evaluates
according to the following criteria:

* Problem and vision statement (25%): Adjust
the documents that were made in stage 1
according to new requirements.

* User interface (50%): User interface meet

users’ needs, especially friendly.
(25%): Al
fully represent the analysis of the project’s

e Documentation documents

functional and non-functional requirements

The interface of the software product in this
stage is presented as follows:
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30
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ANNOUNCER EMPLOYEE INFORMATION

posiTION. T
AN'S BIRTHDAY

HOA'S BIRTHDAY

Figure 4. The example results of stage 2
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Stage 3 - System development

In this stage, the students need to create an
integrated product from two legacy systems and
two database systems. The instructor provides
enough descriptions to let them understand the
company’s business processes. In this stage,
students will probably have to make the choice
to balance data consistency in real time or in
minutes or in one day, to meet the actual needs of
the users. Students are also not allowed to change
the data structures of the two legacy databases
and also ensure that the data is only entered
into a database but will automatically update
to the remaining database. The students need
to develop integrated systems using one of two
Data Integration Model or Functional Integration
Model, ensuring that data is entered only once but
can be updated in both databases automatically
almost real time. The biggest challenge is to
make sure that which system is the selected one
for the first entering and which database will be
automatically updated. Application development
based on requirements was analyzed at previous
stages. A dashboard that shows data from two
legacy databases consistently is demoed once
new information has been entered. The vision,
requirements, project plan and interface design
documents in previous versions are updated.
The result of this stage is an integrated system
that allows you to enter data into a system and
automatically update to another one. The system
is designed to ensure update time (real time,
near real time, few minutes, and etc.), vision,
requirements, analysis and interface design
documents. Basing on the following criteria, the
instructor evaluates the performance of group:

* Documentation (30%): The requirements,
vision and problem statement are updated
according to new requirements.

* Demo dashboard (50%): The dashboard
represents data from two legacy databases.
The system must ensure updating data on the
time limitation required.

* Model (20%): Use one of the two Data
Integration Model or Function Integration
Model.

Stage 4 - System testing

From the integrated system created by the
two legacy systems, the students’ complete data
consistency requirements, system testing, and
evaluation. They need to enter the data simulator;
create test plan; write test cases; execute unit
testing and integration testing based on user
requirements; self - evaluate the suitability of
proposed solutions against user requirements;
self - evaluate team members during project
implementation. The results of this stage are test
plan and test case; update the previous version
of vision, requirements, design and schedule
documents. The instructor evaluates the result of
this stage according to following criteria:

Update all
documents in the previous stages.

* Documentation (50%): the

* Team member self - assessment (25%): The
results of the project and the lessons learned
from the implementation of the project.

* Other team assessment (25%): Check the
completeness of proposed solution.

The results of the whole process are

summarized in Table 1.

Table 1. The summary of case project

Stage 2
Categor Stage 1 Alternative Stage 3 Stage 4
gory Problem analysis solution System development System testing
identification
Problem = Solution
Purpose of each stage . . . selection Product development Testing and evaluation
identification - Product design
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Duration 1 week 2 week 2 weeks 1 weeks
Tools and materials PrOJ?Ct Addl'tlonal 2 legacy applications and databases Installed product
requirements requirements
Instructor provides Instruct_o.r provides Instructor provides 2 legacy systems 'Instruct'or provides
. . the additional X . e instruction for
1. Lecturing the project . and databases; explains the additional . .
. constraint - evaluation and testing
requirements . requirements
requirements stage.
= Problem = Choose an
statements appropriate
= Two alternative | alternative = Develop an integrated system from = Test the integrated
. approaches * Choose System two legacy systems system
lzl'ol]:f:p aring at to see desired Integration Life * Demonstrate the executive Evaluate
Conducting information Cycle approach and | dashboard and show all databases the solution’s
project step * Advantages and | schedule consistency appropriation
by step disadvantages of = Sketch of user
two alternatives interface design
3. Presentation | Each group will present their project result in 10 minutes
4. Q&A Group will answer questions from the instructor and other groups
= Clear problem ) Approprlate .
solution and . . = An Appropriate
. statements * A complete integration system .
5. Evaluating . process, . solution
= Two alternative . = Consistent databases
= User interface * All test cases
approaches desi
esign

We found that the students improve their
collaborative problem - solving skills during
conducting the case project. Team members
identify what each person knows about the
problem to identify the perspectives of other
agents in the collaboration and to establish a
shared vision of the problem states and activities.
They establish, monitor and maintain the shared
understanding throughout the problem - solving
task by responding to requests for information,
sending important
tasks completed,
shared meanings,

information to agents about
establishing or negotiating
verifying what each other
knows, and taking actions to repair deficits in
shared knowledge. The actions include taking
actions that solve the main substantive problem
and follow the framework of complex problem
- solving. They also include communication
acts, sometimes referred to as team knowledge
building, such as verifying, ratifying, clarifying,
explaining, justifying, negotiating, debating, and
arguing with team members. Team members need
to help organize the group to solve the problem
by considering the talents and resources of group
members as roles assigned.

When applying the PBL approach and the
CDIO framework for this course, the biggest

challenge that the lecturer encounters is student’s
understanding and problem analysis. This is due
to the fact that students lack practical experience,
do not fully understand the business processes
that are required to analyze the problem. To
overcome this, the lecturer will give comments
and analyze the reports of each group to see if
the requirements of the project are met properly
and adequately. Another difficulty that many
students facing is the lack of technical skills and
knowledge to implement their ideas, so from
design to implementation, it takes a lot of time
for each group to research new techniques. The
most appropriate solution for this problem is to
organize appropriate technical seminars that can
be applied to this project whereby each group
will be assigned to study one new technique and
then re-present it to all. This not only saves time
in researching new techniques but also empowers
students to improve their public speaking skills.
In addition, while some students in the group
were very knowledgeable and enthusiastic, some
the others were lack of interest in the case study
because the level of the students was uneven. That
led to disagreement among the students. To solve
this problem, the lecturer will propose students to
focus on the overall goal of completing the case
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study and addressing the difficulties. Moreover,
each group needs to listen to one another and find
solutions to reduce conflicts.

5. Conclusion

This study provides an alternative view of
teaching methodology by integrating the CDIO
approach and PBL training method to develop
the collaborative problem - solving skills of
engineering students. To submit a final software
project to instructor, the students need to work in
team with the efforts of leveraging knowlege and
skills to handle the assigned problems. In addtion,
the results of this paper also adds to existing kinds
of literature on the benefits of PBL approach
compared to the traditional classroom approach.
The collaborative problem - solving process was
guided by a framework where students learn to
explore and analyze problems systematically
to finish the case project basing on the CDIO
approach. This enables students to be proactive
and expand their existing knowledge bases.
Students also use various sources of information
from their textbooks and others in informal
discussions with team members which enable
them to integrate knowledge across disciplines

and approaches. By having authentic problems
to be solved, students are more involved in the
learning process.
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Tém tit

Niam 2017, 18 hoi dién Truong Ba duge BO Vin hoa, Thé thao va Du lich xép vao Danh muc Di san Vin hoa Phi vat thé
Qudc gia. L& hoi dién Truong Ba da trai qua nhitng thoi ky thing tram, véi nhiéu 1an bi gian doan va phuc dung lai. Trong
qua trinh d6, 1& hoi dién Trudng Ba da khong ngimg duoc sang tao, bd sung thém cac truyén théng méi. Bai viét phan tich
va tiép can qua trinh phuc dung 18 hoi tir quan diém 1y thuyét Sang tao truyén thong nham dé cap dén cac truyén thong da
duoc sang tao, nhitng ham ¥ chinh sach ding sau qué trinh nay, va goi mé kha nang tng dung 1y thuyét nay trong nghién
ctiru qua trinh phuc hoi nghi 1€, 18 hoi, von dang nd rd 6 Viét Nam hién nay.

Tir khéa: phuc dung 18 hoi, Sdng tao truyén thong, 1& hoi dién Trudong Ba, Tra Bong

Abstract

In 2017, the festival of Truong Ba temple was registered in the List of the National Intangible Cultural Heritage by the
Ministry of Culture, Sports and Tourism. Truong Ba temple festival has its ups and downs with many interruptions and
restorations. During that period, the festival has been continually invented and enriched with updated traditions. This
research analyses and approaches the restoration of the festival from the view of Tradition Invention, with the aim of
pointing out the traditions invented, the implicits of implemented policies, and suggesting some practical applications of
this theory in studying the restoration of ceremonies and festivals blooming in Viet Nam nowadays.

Keywords: festival restoration, Tradition Invention, Truong Ba temple festival, Tra Bong

1. Dt vén dé gian, bi gidn doan. Tir sau nim 1986, dét

O Viét Nam, nira sau thé ky XX 1a thoi ky
lich str ¢6 nhiéu bién dong. Chién tranh va
khung hoang kinh té - x4 hoi thoi hau chién
da khién cho dat nudc roi vao tinh trang
tri tré, tut hau; doi séng van hoa cua nguodi
dan tr¢ nén ngheo nan, nhiéu thuc hanh vin
hoéa truyén thong, trong d6 c6 cac 1& hoi dan

Email: thuygiang2013@gmail.com

nudc bude vao thoi ky Doi moi, doi song
kinh té - x3 hdi cua nguoi dan duogc cai
thién; van dé khoi phuc cac gia tri vin hoa
truyén théng, dic biét 1a cac 18 hoi da dién
ra manh m&. Theo s6 liéu théng ké cua Bo
Vin hoa, Thé thao va Du lich, tinh d&én nam
2009, Viét Nam c6 7.966 1& hoi; trong do,
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7.039 1a 1€ hoi dan gian cha yéu dugc phuc
dung sau nam 1986 va 1& hoi dién Truong
Ba & huyén Tra Bong, tinh Quang Ngii ciing
nam trong s do.

Qua trinh phuc hoi di san néi chung, phuc dung
18 hoi noi riéng, thuc chét, 1a mot qué trinh phuc
hoi va sang tao truyén thdng; hay néi cach khéc,
phuc dung 18 hdi vira c6 yéu t6 ké thira tir truyén
théng, vira c6 sy tai tao, bo sung cac truyén théng
moi. Pay ciing 1a ludn diém dugc hai nha sang
lap Eric Hobsbawm va Terence Ranger dé& cap
trong thuyét Sang tao truyén thong. Tir nén tang
Iy thuyét nay, bai viét nhan dién mot sé truyén
théng duoc sang tao trong qué trinh phuc dung
18 hoi DPién Trudong Ba ¢ huyén Tra Bong, tinh
Quang Ngdi. Trén co s¢ d6, bai viét chi ra cac
y nghia, muc dich khac nhau tir viéc tao ra cac
truyén thong méi trong qua trinh phuc dung 18
hoi. Nhan thirc duoc nhitng van dé nay ciing 1a
cach dé tac gia bai viét phan anh tinh niang dong
cta dia phuong trong viéc sir dung von vin hoa,
nhu mot ngué)n luc phuc vu cho cac muc ti€u
phat trién kinh té - xa hoi trong bdi canh xa hoi
Viét Nam dang chuyén dbi.
2. Khai lwgc vé Iy thuyét Sdng tao truyén thong

“Sang tao truyén thong” (The invention of
Tradition) 1a cong trinh nghién ctru cua hai tac
gia Eric Hobsbawm va Terence Ranger, do Nha
xuét ban Pai hoc Cambridge, Anh quéc 4n hanh
vao nam 1983, va cling la tén goi cla truong phai
ly thuyét duoc ap dung nhiu trong cic nghién
ctru vé 18 hoi. Khac voi mot sd y kién cho réng,
truyén thong 1a hé thong cac gia tri, chuan muc c6
tir 1au doi, mang tinh 6n dinh, duoc luu truyén tir
doi nay sang doi khac, cac nha sang lap 1y thuyét
Sdng tao truyén théng quan niém truyén théng
12 mot tién trinh lién tuc duoc sang tao, mot tién
trinh chon loc, c6 chu y, dua vao cac chét liéu
¢6 sin cua qua kht, duge dong thudn gitta céc
bén tham gia va sy chuyén bién ciia x4 hoi. Trén
co s d6, nhom tac gia chi ra riang, truyén thong
duoc sang tao, thuc chét, 1a mot tap hop bao gém

“truyén thong” thyc té da dugc sang tao va thiét
1ap chinh théng (trong qua khir), 1an nhitng diéu
maoi phat trién do thuc té dit ra, trong mot thoi
gian ngan, khoang vai ba nim va ty khiang dinh
chd dimg mot cach nhanh chong.

Séang tao truyén thong c6 & moi qudc gia, moi
thoi diém, nhung qua trinh nay s& dién ra véi tan
suit ngdy cang gia tang, khi xa hoi c6 su chuyén
d6i nhanh chong; hodc sang tao truyén thong sé
dién ra theo mot cach khac, trong phong trao
phuc héi truyén thdng. Hobsbawm ciing cho
biét, sang tao truyén thong thudc vé ba loai dan
xen nhau: loai i, tao dung hodc biéu trung cho
su gan két x4 hoi cua nhitng cong dong c6 thuc
hay tuong tuong; loai ii, tao dung nhdm hop
phap hoa co ché, dia vi hodc cac moi quan hé
quyén Iwc; va loai 1ii, ¢6 muc dich chinh la xa
hoi hoa, khic sau niém tin, hé théng gid tri va
thoi quen g xur.

O Viét Nam, mot trong nhirng boi canh xi hoi
thiic ddy qua trinh sang tao truyén thong 1 cong
cudc doi méi dat nudce, dién ra tir sau Dai hoi
Pang lan thir VI nim 1986. Trong linh vuc vin
hoa, Nha nudc da cho phép phuc hdi cac gia tri
van hoa truyén thong ting bi gian doan; ban hanh
chu truong xay dung mot “nén vian héa mang
tinh dan toc, hién dai, nhan van™; “xdy dung,
phat trién nén van héa Viét Nam tién tien, dam da
ban sdc dan toc”'. Theo Oscar Salemink (2013),
nhiing chinh sach mai nay da “hinh thanh mot
chiéc é che chdn cho moi kiéu né lwc dia phwong,
nhitng né lec tir dwdi 1én trong viéc sang tao cdc
truyén thong va dem lai cho chiing cdc hinh thir
va ¥ nghia méi” [5]. Trong bdi canh chung do,
trén nén truyén thong cii, chinh quyén va nguoi
dan huyén Tra Bong di tién hanh phuc hoi va
sang tao thém cac truyén thong méi cho 18 hoi
dién Truong Ba, sau mot thoi gian dai 18 hoi bi
gian doan.

! Nghi quyét Trung wong 5 khoa VIII cua Ban Chip hanh
Trung wong Pang vé xay dung va phat trién nén van hoa
Viét Nam tién tién ddm da ban sac dan tdc
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3. Nhén dién cac sang tao truyén thong trong
qu4 trinh phuc dung 1& hoi dién Truong Ba

Lé& hdi dién Truong Ba 1a mét sy kién van
hoa c6 truyén thong lau doi, do nguoi Kinh,
sinh séng tai thi trAn Tra XuAn, huyén Tra
Bong, giit vai tro chii dao. Hang nam, tng
v6i chu ky xuan thu nhi 18, vao cic ngay ram
thang Tu va thang Chin, ngudi dan noi day
lai tién hanh m& hoi dé tuong niém cong dirc
Thanh mau Thién Y A Na. Quy trinh 1& hoi
dién Truong Ba thuong c6 5 18 té: 18 rude sic,
18 moc duc, 18 té ngoai dan, 1& chanh dién, 18
rudc Ba ra khai hoi va céc hoat dong vui choi
giai tri. Trude ndm 1945, nguoi Hoa sdng &
thi tran Tra Xuan va mot bd phan nguoi Cor
song & cac xa ving cao Tra Bong ciing tham
gia vao 18 hoi dién Truong Ba, nhung chi voi
tu cach khach moi hoac 1a hanh huong [4],
[6], [7], [8], [9]. Tir sau nim 1945, 1& hoi dién
Truong Ba tam gian doan, cho dén nhiing
nam cudi cta thap nién 50 méi duoc chinh
quyén va nhan dan xi Tra Khuong phuc dyng
lai. Nam 1975, 18 hoi dién Trudong Ba mot 1an
nira bi gian doan. Ngoi di¢n tho cling bi hu
hai nhiéu. Sau nim 1986, véi su dong gop tir
nhiéu ngudn khac nhau, dién Truong Ba dugc
tring tu, mo rong. Thé theo nguyén vong cia
ngudi dan dia phuong, 1& hoi hang nim &
dién Truong Ba ciing duoc chinh quyén va
nhan dan dia phuong tién hanh phuc dung.

V& co ban, cac quy tic, chuin muc trong
18 hoi dugc thiét 1ap va trao truyén qua nhiéu
thé hé¢ van duoc dam bao, trong qua trinh
phuc dung 1€ hoi. Tuy nhién, qua so sanh 1&
hoi dién Truong Ba trude va sau 1975, co thé
thay 1 hoi c6 kha nhiéu yéu t6 duoc tao dung
hoan toan mdi, hodc duoc cai bién tir nhiing
yéu 6 cii, theo nhitg ndi dung hay hinh thuc
méi hon. Céc truyén théng moéi trong 1& hoi
gdm co:

- Su tham gia ctia cac cdp chinh quyén vao
viéc to chirc 18 hoi (Phong Vian hoa - Thong

tin huyén Tra B@)ng; UBND thi tran Tra Xuan,
UBND huyén Tra Bong).

- Su tham gia cia mot b phan nguoi Hoa
ngoai Tra Bong (ngudi Hoa & Hoi quan Phuc
Kién, Hoi An, tinh Quang Nam) trong qua
trinh thyc hanh 1& hoi.

- Su tham gia, ngay mdt dam nét, ctua
ngudi Cor & huyén Tra Bong trong tién trinh
thuc hanh 1& hoi: (Trudc day, ngudi Cor chi
tham du 1 hoi véi tu cach 1a khach moi, tham
gia trinh dién dau chiéng, mua ka dao; ding
18 vat viéng Ba va huong 16c Ba). Tir nam
2012 dén nay, nguoi Cor chinh thirc dugc coi
1a dong chu thé, tham gia vao qua trinh té 18
khi dam nhén nghi 1€ té triu cing Ba, tham
gia 1€ rudc va con dai dién cho nhan dan cac
X3 ving cao tranh tai trong phan hoi cua 18
hoi.

- Su tham gia cua céc toc nguoi khac: Tuy
khong tham gia thuong xuyén nhu nguoi Cor
& Tra Bong va bo phin ngudi Hoa ¢ Hoi An,
nhung nguoi Cor & huyén Tay Tra (Quang
Ngdi), ngudi Cadong ¢ huyén Bac Tra My,
nguoi Xo dang ¢ huyén Nam Tra My, nguoi
Co tu ¢ huyén Dong Giang (Quang Nam),
nguoi Thai & huyén Quy Chau (Nghé An)
cling gop mit trong 1& hoi.

- Su tham gia ctia cac vi chuc sic ton gido
trong qud trinh thyc hanh 1€ hdi, nhu thanh
ddng, thay su.

- B4 sung céc nghi thire, cac thue hanh tin
ngudng, cac tro dién dan gian va cac hoi thi
mdi nhu 1€ ciing chay, 1 khai mac, 18 tha hoa
ding, trinh dién dau chiéng, mia ka d4o, 1€ an
trau cua nguoi Cor, mia tung tung za za cua
nguoi Co tu, maa quat cia ngudi Thai v.v...
Bén canh do, ban td churc 18 hoi con mé céc
hoi thi ddu bong chuyén, thi ngudi dep huong
qué, cam trai... dé tao san choi cho nhan dan
cac xi tham gia 1& hoi.

- Cai bién nghi 18 rudc sac: thay thé Bang
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t sac cong dirc do vua cap, bang Bang cong
nhan di tich lich st quc gia dién Trudng
Ba; 18 trao “sac” dién ra tai quang truong Tra
Béng thay vi dién ra tai nha thu sdc; chanh
té nhan “sic” tir lanh dao phong Vin hoa-
Thong tin huyén thay vi nhan sac tir tha sac.
Ngoai ra, doan rudc sdc hién nay con co su
gbp mat cua cac toc nguoi thiéu s, dic biét
1a sy tham gia cta nit gi6i. L& rudc sic cling
dugc diéu chinh tir 8h sang thanh 16h chiéu
ngay 15 thang Tu am lich (1€ xuan), ngay 15
thang Chin am lich (1¢ thu).

Nhu vay, nhin mot cach téng quat, cac
truyén théng méi duge sang tao trong 18 hoi
dién Truong Ba thé hién tap trung ba diém
chinh: i, Gia ting vai tro ctia cac to chirc quan
phuong vao viéc diéu hanh, t6 chuc 18 hoi; ii,
Mo rong ciu tric toc ngudi tham gia to chirc
18 hoi; va iii, B6 sung cac thuc hanh van hoa
méi trong tién trinh 1& hoi. Nhitng sang tao
nay da mang lai mot dién mao mai, tao nén
nhiing thay d6i dang ké, vé ca hinh thirc, noi
dung 1an ¥ nghia, cho 1& hoi dién Truong Ba,
thoi ky sau Doi méi.

4. Nhirng muc dich, y nghia khac nhau tir viéc
sang tao truyén thong 1€ hoi dién Truwong Ba

4.1. Ciing cé moi doan két tjc nguoi

C6 két cong dong lang x4, lién lang - ving,
cong dong toc ngudi, cong dong quoc gia 1a
chte ning von c6 cua 18 hoi truyén thng. LE
hoi dién Truong Ba cling khong 1a ngoai 1¢€.
Cin ctr vao cac nguodn s liéu va cac nghién
ctru vé Trudng Lily, vé cic toc ngudi mién
Tay Quéang Ngii, c6 thé nhan thiy trong lich
su, xung dot gitra cac toc nguodi ¢ tinh nay da
c6 thoi diém twong ddi tram trong [1], [10].
Su tham gia ctia nguodi Cor vao 1& hoi dién
Truong Ba, tuy mo nhat, nhung van dugc
xem 13 chién luge nham hoa giai mau thuin
giira cac toc ngudi Kinh - Thuong. Trong bdi
canh hién nay, viéc mo rong su tham gia cua
cac tdc ngudi trong qua trinh phuc dung 18

hoi dién Truong Ba da gop phan tao ra mot
moi trudng ldy su chia sé, hoa dong 1am nén
tang. Tu khi 1& hoi dién Truong Ba dugc
phuc dung cho dén nay, chinh quyén huyén
Tra Bong ludn nhan manh: “Théng qua cdc
hoat dong cua 1é héi tao nén sw dodn két cong
dong cdc dan téc huyén Tra Bong va cdc dan
téc khac trén manh dat Viét Nam”. Diéu nay
cho thay muc dich hang dau cua viéc sang
tao truyén théng trong 1 hoi dién Truong Ba
chinh 13 nham cing cb khdi doan két toan
dan, cb két toc nguoi, trong bdi canh xa hoi
méi von dang bi tac dong manh m¢ cua kinh
té thi trudng va xu hudng hién dai hoa. Day
cling chinh 1a mdt trong nhitng ndi dung ma
Hobsbawm d4 chi ra trong hé thong 1y thuyét
ciia minh.
4.2. Néng cdp di tich va Ié hji

Néam 2014, Uy ban nhan dan tinh Quang Ngai
trinh HO so Ly lich di tich (2014) 1én B Vin
hoa, Thé thao va Du lich dé nghi cong nhan dién
Trudng Ba 1a di tich lich str quéc gia. Trong viéc
danh gia gia tri di tich, ho so dic biét nhidn manh
dién Truong Ba 1a mot di tich lich sir doc déo,
v6i su tich hop cac yéu t6 vin hoa cua nhiéu toc
ngudi, 1a biéu tuong sinh dong cho truyén théng
doan két cac dan toc anh em dang sinh song trén
ménh dat Tra Bong. Gia tri to 1on nay khong chi
duoc biéu hién qua kién trac dién tho, mang dam
dau an vin hoa Viét - Hoa, qua cac nhan vat duoc
phung tho, ma con thé hién mot cach sinh dong,
r0 nét qua sy tham gia cua tdc nguoi Cor trong
18 hoi. Ho so cho biét: “hang nam vao ngay 15,
16 thang 4 nguwoi Cor tdp trung vé dién Truong
Ba dé lam [é dang hwong, miia ca-ddo, biéu dién
nhac chiéng. Day chinh la diém gia tri dac biét
cua dién Truong Ba chirng minh cho su hoa hop,
doan két Kinh - Thuong, von cé tir lau doi...”.
C6 thé thay, cac nha quan 1y vin hoa dia phuong
da xem sy tham gia cua cac toc nguoi va sy hién
dién cua cac yéu td van hoa cua cac toc nguoi,
trong 1& hoi dién Truong Ba, 1a yéu té quan trong
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g6p phan 1am nén gia tri cua di tich, 1am cho di
tich tr thanh biéu tuong cua sy doan két cac toc
nguoi Kinh - Thuong.

Ngoai nhitng nhan dinh vé gi tri di tich, ho
so con md ta ti mi, chi tiét 18 hoi dién Truong Ba.
Hinh anh 1& hoi, voi sy tham gia cta nhiéu toc
ngudi, theo d6 da gop phan kién tao nén ban sic
vin hoa dja phuong da sic toc cho ving dat Tra
Bong. Cac mdi quan hé cong cu, cong cam, giao
luu budn ban gitra ba toc nguoi Kinh - Hoa - Cor
trong lich st cling dugc khoi day, qua sy tham
gia clia cac toc ngudi trong 18 hoi. HO so cling
dac biét nhan manh dén céac thanh té van hoa cua
hai toc ngudi Kinh va Cor trong 18 hoi: “O Ié
hoi dién Truong Ba, sy giao thoa van hoa, tinh
co két cong déng Kinh - Thuong duoc thé hién
kha ro nét: Nguwoi Viét co hwong hoa, tra qua,
ruou, thit... thi nguoi Cor co qué: trau cau, mat
ong... hay trong nghi thirc té 16, nguoi Viét cé 1é
té ngoai dan, 1é té chinh dién... thi nguoi Cor cé
1¢ hién té/lé an trau... hodc trong héi té, nguoi
Viét co hat bgi, hat ba trao, danh co nguoi, kéo
co... thi nguoi Cor cé tiéng cong chiéng, cé cdc
diéu mua ca-dao, xa-ru, a-gioi, co di ca kheo...”.
Co thé thé'ly, viéc bd sung cac thuc hanh van hoa
Cor, tir khi 18 hoi dién Truong Ba duoc phuc hoi
dén nay, di duoc cic nha quan 1y vin hoa dia
phuong st dung triét dé, nham khéng dinh gia tri
cta di tich va 1€ hoi.

O day, can luu y rang, cac thanh té vin hoa
ctia nguoi Cor dugc thuc hanh trong 1€ hoi dién
Trudng Ba déu 1a nhitng nét van hoa dic trung,
tiéu biéu, dai dién cho truyén théng van hoa cua
toc ngudi dd duoc trao truyén qua bao thé hé.
Theo chia sé ciia mét vi lanh dao dia phuong:
“Nhitng ndm truée 1é hdi nay chi ¢ quy mé nhd,
do Uy ban nhdn dan thi tran Tra Xudn t6 chirc;
trong hai nam nay, huyén Tra Bong dd ndng tam
quy mé cua 1é hi, nham tuyén truyén, quang ba
réng rdi trong va ngodi nudc véi mong muon
ndng tam di tich va 1é héi dién Truong Ba thanh
di tich va 1é héi cdp quoc gia va viéc té chire 16 hoi

ciing s€ thu hit khach du lich dén véi Tra Bong”
[3]. Ké lai qua trinh ndy, mot can bd phong Vian
hoa thong tin huyén cho biét: “Pién Truong Ba
dugc xép loai di tich cap tink hoi ndam chin may
sau d6 méi giao cho thi tran quan . Hoi dé mdy
ai biét vé dién Trudong Ba Tra Bong, sau nay moi
thdy can ndng tam di tich lén cdp huyén, thir nhat
la dé quang bd cho hoat dong du lich, tao diéu
kién cho nguwoi ddn trén moi mién ddt mede nay
biét. Thir hai, trén co sé cong nhédn di san cdp
quoc gia. Phwong dn ndy dwoc dwa lén tir nam
2011, 2012, 2013, chot lai nam 2014 ré6i méi dua
ra ngoadi BY. Roi sau dé cdy da Truong Ba dwoc
cong nhan la cdy di san Viét Nam. Roi tié}) tuc
cdi 1é hé” (Tu liéu dién di nam 2017). Két qua
13, ngay 09/8/2014, B6 Vian hoa Thé thao va Du
lich di ky Quyét dinh sb 1388/QD-BVHTTDL
vé viéc xép hang di tich lich st cip qudc gia véi
di tich dién Truong Ba. Nam 2017, B§ Vian hoa,
Thé thao va Du lich tiép tuc cong nhan 1& hoi dién
Trudng Ba 14 Di san Vin héa Phi vat thé Qudc
gia, theo quyét dinh s6 1852/QD-BVHTTDL,
ngay 08/5/2017.

Nhu vdy, c6 thé thdy viéc sang tao truyén
thong 18 hoi dién Truong Ba, trong qué trinh
phuc dung 1& hoi, khong chi nham muc dich ¢
két cong dong toc ngudi ma con nam trong 16
trinh di san hoa di tich va 1& hoi dién Truong Ba.

4.3. Thiic ddy phat trién tiém nang du lich
dia phwong

Nam 2012, Uy ban Nhan dan tinh Quang Ngai
ban hanh Quyét dinh s6 14/QD-UBND, ngay
20/6/2012 vé viéc Quan 1y cac diém du lich trén
dia ban tinh Quang Ngai. Theo do, huyén Tra
Bong duoc xac dinh c¢6 3 khu du lich: khu du
lich nghi dudng Ca Pam, khu du lich sinh thai
thac Ca Dbu va khu du lich tam linh di¢n Truong
Ba. Can ctr vao quyét dinh nay, Uy ban Nhan dan
huyén da dua 1€ hoi dién Truong Ba vao chuong
trinh du lich Tra Bong, “la suw kién quan trong
hang ndam vé vin héa tam linh ciia huyén, tao
dién kién cho viéc phat trién du lich, gép phan
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cho cong cude giam nghéo nhanh va bén viing”

Ciing tir nam 2012, 18 hoi dién Truong Ba duoc
b6 sung thém cac truyén thong méi: 18 in trau cta
ngudi Cor; 1€ tha hoa dang; su tham gia cta céc
toc nguoi thiéu s6 ngoai tinh (Xo ding, Cadong,
Co tu, Thai...), trinh dién nghé thuat, giao luu vin
hoéa cua céc toc nguoi, cudc thi nguoi dep huong
qué... Trong mot cudc phong van do tac gia Vo
Thi Thao thyc hién, 1anh dao phong Van hoa thong
tin huyén Tra Bong ciing cho biét: “Tir nam 2012,
tai 1é hoi c6 thém 1é tha hoa ding va Ié hién trau
ngoai san dién. Hai 1é thirc nay la hai 1é thire méi
dea vao 1é hoi trong ba nam nay nham tao diém
nhdn, thu hit khéach du lich va nguwoi ddn tham gia
ngay cang dong hon” [6].

Hién nay, cac trang tin du lich nhu
dulichvietnam.com.vn; vietnamtourism.com,;
tourdulichdaolyson.com; tapchidulich.com.vn;
vietspacetravel.com.vn; tyvn.esy.es; v.v... déu
khéng dinh nét doc dao cua 1é hoi dién Truong
Ba la su tich hop, dan xen yéu té vin héa da toc
ngudi. Chuong trinh Piém hen vin hoa phat
song trén VTV1 ciing khang dinh “Lé héi dién
Truong Ba da thé hién su giao thoa van héa dam
nét gitta cac dan toc anh em” 1a “diém nhdn du
lich viing cao Tra Bong”. Mot s6 4n pham du lich
nhu An twong Qudng Ngdi, Huéng dan du lich
Qudng Ngdi, khi giéi thiéu vé di tich va 1& hoi
dién Truong Ba, déu chon hinh anh 18 an trau va
mua ca-ddo cua toc ngudi Cor, trong 1€ hoi dién
Truong Ba, 1am hinh anh dai dién cho 1& hoi.

Vé luot khach tham quan, trong dién van khai
mac 1& hoi dién Truong Ba nim 2015, UBND
huyén Tra Bong cho biét: “fir ndm 2012 dén nay,
16 héi da thu hit dwoce du khdch trén cd nude va
quoc té; trong nam 2014, da don hon 40.000 luot
khach vé tham quan, thudng ngoan, gép phan
quang ba du lich trén dia ban huyén noi riéng,
Quéang Ngii ndi chung”. Vi vdy, co thé ndi,
nhirng sang tao truyén théng 1& hoi dién Trudng
Ba, thuc sy, d3 gop phan tich cuc trong viéc phat
trién du lich tdm linh ¢ dia phuong.

5. Két ludn

Lé& hoi dién Truong Ba di co nhimng thoi ky
bi gidn doan, va viéc tap trung phuc dung 1& hoi,
hang ndm, nhu hién nay co thé coi 1a mot thanh
cong dang tran trong ctia chinh quyén va nhan dan
dia phuong, trong thoi ky D6i méi. Hon thé nira,
qua trinh phuyc hoi 18 hoi dién Trudong Ba con ghi
nhan nhiing truyén thong méi duoc sang tao trong
bdi canh duong dai: sy m¢ rong thanh phﬁn toc
ngudi tham gia t6 chirc 18 hoi voi tu cach dong
chu thé, véi cac thue hanh van hoa hoan toan méi
(18 an trau, dau chiéng, maa cd-ddo clia nguoi Cor,
v.v...). NG lyc nay da mang lai nhiing két qua tich
cuc: dién Truong Ba da dugc B Van hoa, Thé
thao va Du lich cong nhan 1a di tich lich st - van
hoa qubc gia, dic biét da xép 18 hoi dién Truong
Ba vao Danh muc Di san Vian héa Phi vt thé Quéc
gia. Cac cong dong toc ngudi, trong va ngoai dia
phuong, da cé su lién két, cdng cam, chia s¢ trong
mot su kién van hoa chung; tir do, mot ban sdc van
hoa dia phuong da séc toc cling da va dang duoc
kién tao. Thong qua do, tinh c¢b két toc nguoi va
khéi dai doan két toan dan c6 co hdi duoce cung cd.
Nhiéu khach thap phuong trén ca nude di biét dén
dién Truong Ba, 1& hoi dién Truong Ba, voi cac
nghi 1& doc dao cua céc toc nguoi Kinh - Thuong
cung tham gia. D6 cling chinh la mot trong nhitng
nguon lyc quan trong dé dia phuong c6 thé thiic
day phat trién kinh té du lich.

O goc do 1y thuyét, qua trinh phuc dung 18 hoi
dién Truong Ba, voi nhitng sang tao truyén thong
da va dang tiép dién, ciing 13 nhitng dién hinh sinh
dong, 1am sang to cac luan diém cua ly thuyét Sdng
tao truyén thong. Qua nghién ciru truong hop phuc
dung 1€ hoi dién Truong Ba ¢ huyén ving cao Tra
Bong, tinh Quang Ngi, c6 thé khang dinh truyén
thong 1a mot tién trinh lién tuc dugc sang tao, dugc
chon loc ¢6 chu dich, dua vao cac chét liéu co san
ctia qua khir, nham hién thuc héa cac muyc tiéu khac
nhau & hién tai, theo nhu cau cua cac bén tham gia
va su chuyén bién tich cuc, khéng ngimg nghi trong
tién trinh phat trién ctia xa hoi.
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Abstract

This article introduces the new economic geography (NEG), and key features of theory on agglomeration economies
and spatial economies in Core - Periphery (CP) model. Firstly, the theoretical framework is explored by presenting the
fundamental logic of NEG. Then, the CP model, with details of micro-foundation, is summarised to provide a framework
for analysing the impacts of globalisation and regional integration on the spatial economy.

Keywords: New economic geography, agglomeration economy, Core - Periphery model.

Tém tit

Bai bio nay gidi thiéu vé mé hinh tan dia 1y kinh t& (NEG) va cac déc trung cta 1y thuyét vé hoi tu kinh té va khong gian
kinh té théng qua mé hinh Trung tim — Ngoai vi (CP). Dau tién, bai viét s& gidi thiéu vé cac kién thirc giup x4y dung nén

mo hinh tan dia 1y kinh té. Sau do6 bai viét s& trinh bay cac dang thirc toan co s& vi md ctia méd hinh CP nhdm cung cip mot
nén tang cho viéc phan tich va danh gia tic dong ctia toan cau hoa va hoi nhap kinh té ving trén nén tang khong gian kinh té.

Tir khéa: Tan dia 1y kinh té, hoi tu kinh t&, mo hinh Trung tdm - Ngoai vi.

1. Introduction

Economic activities are always relevant
to the two dimensions of time and space.
While time is often integrated into economic
theoretical considerations, the study of where
economic activities take place is almost ignored
by mainstream economists. In fact, in the real
world, spatial distributions of population and
employment are never smooth. In addition to
the uneven endowment of natural resources,
economic forces called the second nature also play
a dominant role in shaping economic geography.
Though this subject was once regarded intractable,

some exciting new models dealing with increasing

Email: hoangthanhhien@dtu.edu.vn

returns and monopoly competition have emerged
[1]. In the wave of increasing - returns revolution,
the new trade and new growth theory are born
successively. Deriving from Krugman’s [2]
seminal work on trade theory, the use of NEG
has emerged as a trend in the study of the spatial
distribution of economic activity. The central
premise of NEG rests on the notion that economic
agglomeration is a self - reinforcing phenomenon
and responsible for creating regional inequality.
Since then, a large amount of improved works
under this framework have been developed to
analyse the impacts of globalisation and regional
integration on the spatial economy.
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NEG has been successful in offering rationales
for the formation and existence of economic
agglomeration or the cluster in geographical
space. NEG provides an equilibrium framework
to explain the market access forces pulling
economic activities together and the market -
crowding ones pushing them apart, resulting
from the trade - offs between increasing
returns and mobility costs. Compared to its
antecedents such as regional science and urban
economics, NEG attempts to enter the black box
of agglomeration economies and show the self
- reinforcing character of spatial concentration
from more fundamental considerations [3].
Another merit of NEG is that the formation of
economic agglomeration is derived explicitly
based on a full micro foundation. Economic space
is represented as the outcome of the equilibrium
individual’s interaction.

The aim of this paper is to review the main
contributions to NEG with a particular focus
on the effects of economic integration on
spatial development. The theoretical framework
is explored by presenting the fundamental
framework of NEG and successively looking at
the principal models of NEG, CP model. Clearly,
the information included in this text is not
exhaustive of the literature on NEG™.

2. The framework of NEG

NEG was initially developed to explain the
agglomeration of economic activity in an otherwise
ex ante identical space. In essence, it argues that
the origin and pattern of economic agglomeration
reflect the interplay between increasing returns to
scale at the plant level, external economies at the
regional level and trade costs [5].

A distinct feature separating NEG from its
predecessors lies in its use of the Dixit - Stiglitz

() Relevant theoretical and empirical reviews of NEG
include Ottaviano and Puga [4], Baldwin, et al. [5],
Redding and Venables [6], Head Head and Mayer [7] and
Redding [8].

[1] monopolistic competition model to capture
increasing returns at the plant level. Specifically, the
Dixit - Stiglitz model showed that an atomistic firm
in monopolistic competition can reduce average
cost by simply supplying only a single variety to
a market with an infinite number of consumers
exhibiting the love - for - variety preference.

However, the existence of increasing returns
at the plant level is a necessary, but not the sole
condition for economic agglomeration to occur.
Alternatively, Martin [9] pointed out that trade
cost associated with shipping goods from one
location to another is an important force driving
economic agglomeration. In NEG, trade cost is
often modelled as a variation of iceberg trade cost,
commonly found in international trade theory.
The assumption underlying iceberg trade cost
is that only a portion of the original quantity of
manufactured goods arrives at the final destination,
with the rest dissolving en route. Tabuchi [10]
showed that economic agglomeration fails to
emerge when trade cost is either sufficiently high
or suffiently low, because each location is self -
sufficing. Between these two extremes, Fujita and
Thisse [11] demonstrated that sudden economic
agglomeration can occur under an intermediate
level of trade cost, because increasing returns
from locating a mega production facility in the
largest market is more than offsetting the cost of
serving smaller markets directly from that facility.

In addition to increasing returns at the plant
level, trade cost can also be offset by external
economies at the regional level arising from
economic agglomeration. According to Fujita
and Thisse [11], these external economies can be
further separated into two categories. The first is
pecuniary externalities, which refers to monetary
benefits brought about by economic agglomeration
in market - based interactions. For example,
economic agglomeration often generates additional
income and demand for local residents and firms
because it enlarges the size of the local market [12].
The second is technological externalities, which
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refers to those positive externalities affecting an
individual’s utility or a firm’s production function
through  non - market interactions. For example,
the sharing of information often benefits all firms in
the local production network.

The formation of industrial clusters is often
regarded as the best example encapsulating
both pecuniary externalities and technological
externalities. History shows that an industrial
cluster typically emerges from the interactions
of the searching and matching functions among
specialised workers and firms in the local labour
market [13]. Apart from labour - market pooling,
locating inside a cluster allows firms greater access
to specialised inputs and to participate in local
production networks [3]. Further, geographical
proximity alleviates the distance - decay effect in
transmitting proprietary knowledge and know - how
[11]. Taken together, these positive externalities
effectively reduce production cost, which attracts
more firms to the cluster, further enlarging the
extent of economic agglomeration [14].

While pecuniary externalities and technological
externalities explain the emergence of industrial
clusters and how economic agglomeration
becomes a self - reinforcing process, they cannot
explain why certain clusters suit particular
industries better than others. In order to explain
this phenomenon, Rosenthal and Strange [13],
Belleflamme, et al. [15], Feldman [16] and
Henderson [17], among others, drew on regional
economics re-categorised
into localisation economies and urbanisation
economies®. Specifically, localisation economies
refers to those externalities generated by the
geographical proximity of firms in the same
industry, while urbanisation economies includes
those externalities related to the scale and diversity

and externalities

of local economic activity. From a different
perspective, Junius [18] regarded localisation

@ In regional economics, localisation economies is
sometimes also referred to as the Marshall - Arrow - Romer
externalities, while urbanisation economies is also known
as the Jacobian externalities.

economies as those externalities that are external to
firms but internal to an industry within the cluster
and urbanisation economies as those externalities
that are external to industries but internal to the
cluster.

3. The Core - Periphery model

The Core - Periphery (CP) model has
revolutionised the study of economic geography
[19]. As Ottaviano and Thisse [12] pointed out, it
is the first model applying the concept of general
equilibrium to economic agglomeration. It was
originally developed by Krugman (1991), and
later refined by Fujita, et al. [3] and Baldwin,
et al. [5], among others, to explain the spatial
concentration of manufacturing activity.

The original CP model
symmetric regions (North and South),
sectors (agriculture and manufacturing) and
two factors of production (agricultural and
manufacturing workers). Without loss in
generality, it assumes perfect competition in
the agricultural sector, which hires agricultural
workers to produce a homogeneous commodity.
As a mark of distinction, it assumes monopolistic
competition in the manufacturing sector, which
employs manufacturing workers to produce
differentiated varieties. Finally, it assumes zero
trade cost in moving the agricultural commodity
between regions, but imposes iceberg trade cost
on the inter-regional flow of manufacturing
varieties. This assumption on trade cost, in effect,
guarantees agricultural workers in both regions
receiving the same real wagerate [20]). However,
monopolistic competition, coupled with iceberg
trade cost, suggests that manufacturing workers
in each region can receive different real wage

assumes two

two

® If the price of the homogenous agricultural good is lower
in one region, then there is riskless profit to be made by
purchasing the good in the low-price region and re-selling
it in the high-price region. This arbitrage principle ensures
that the price of the agricultural good will eventually
converge to the same level, which will also be reflected
in the same real wage rate received by the agricultural
workers in both regions.
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rates. Unlike conventional comparative static
analysis, the CP model introduces the notion of
dynamic equilibrium by allowing manufacturing
workers the freedom to move between regions,
in response to changes in the real wage rate.
As explained below, economic agglomeration
occurs as a result of the inter-regional migration
of manufacturing workers over time.

3.1. Assumptions

Two sectors: Agriculture (A) and Manufacture
M)

Agriculture: perfect competition and constant
return of scale.

Manufacture: Monopolistic competition and
increasing return.

Two regions: North (N) and South (S)

Two factors: Peasant (immobile) and Workers
(mobile)

No trade cost for agricultural products within
region or across border.

Iceberg trade cost for manufactured products:
T <1, that is when transport one unit of
manufactured product in North/South to other
region, only unit arrives.

Utility function is in Cobb-Douglas function:
U= CI\IZC,&_“> where CM:
manufactured goods, CA:
agricultural products.

consumption of
consumption of

Consumption of manufactured goods is a CES
composite of manufacturing varieties, c,, that is:
Cu =[i cf’T’l]ﬁ, o >1 is elasticity of substitution
among products. N is the large number of
potential products.

The only endowment in CP model is labour. For
simplicity we assume that the word population is
equal to 1 and divided into two sectors:

Workers: mobile across regions, and equals
to a fraction of world population. We have:
L +L=u, where: L: workers in North, L:
workers in South.

Peasants: immobile, and evenly divided at
1% in each region.

Production function of an individual
manufactured good i involves a marginal cost
and fixed cost: Ly; = a + fx;, the input cost
function for firm i will be: w;(a + Bx;), where x,
is the quantity output, L, is the labour input for
producing good i, wa fixed cost, fw.: marginal
cost (MC). w, is wage rate of workers in region i.

One firm will produce x. quantity output at
p, price, hence firm profit maximisation require
max, = p;x; —w;(a + Bx;). The first - order
condition for an optimal solution is:
pi+ D % —Bw; =0 o p +p x = Bw; (1)
or marginal revenue (MR) = marginal cost (MC).

Multiplied p,'x, with (%), we have:

i

. ' X 1
bi Xi = Pi (Pi E) = ~Di <E) (2)
where ¢ represents the price elasticity of market
demand in Cournot competition with N firms,
the negative sign in equation (2) represents the
inelasticity of demand (firm only can increase its
quantity sale by decreasing its price).

From (1) and (2) we have:

bi — Dbi (%)=.3Wi < Di (1—%)= Bw; (3)
In Cournot competition we have:
Lt (-3

where s, represents firm’s market share. In the
CP model we assume that the market contains
many firms and N raises to infinitive, hence s,
falls to zero or elasticity € equals o. From (3) and
(4) we have: p; = (%) Bw;. If we choose p ,p,
represents price in region 1 (North) and region 2
(South), respectively, therefore:

o
P = (=) Bw 5)
Similarly, in region 2 we have:
o
P2 = (——5) Bw (©6)

where w, and w, are the wage rate of workers
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in North and South respectively. Comparing the
price of representative products we have:
P_w
P2 W2
Free entry drives profit to zero, hence:
pix; — w;(a + fx;) = 0. Thus, all firms produce
the same output regardless of the wage rate:

(p1 — Bw1)x; = aw,

© <(ai 1)5W1 - ﬁW1> X1

_ 1 o«
T ame Lf—l]xl "B
ao-1
or X; =X, = 5 . This implies that the

number of manufactured goods produced in each
region is proportional to the number of workers,

L n
so that L—l — L where n. is manufactured output
2 M
in region 7, i = 1 (North), 2 (South).

3.2. Short - run equilibrium

The allocation of workers between regions
may be taken as given. We define C | as the
consumption in North of a representative North’s
product, and C , as the consumption in North of

a representative South’s product. The price of
local product is pl while we assume no trade cost

within region. However, the price for product

from region 2 should include trade cost (7) that is

P24 The relative demand for region 1 (North) is

-1
G e (2 = ()7 (o)
Cl_zl/o P2/ cna p2 w;

Define Z, as the ratio of region 1 expenditure on

local manufactures to that on manufactures from
region 2. The more goods produced in region
1, the higher their share of expenditure for any
given relative price. Thus

@ Given that our focus is on shipping goods between two
regions, we will assume that any shipping of goods within
each region incurs zero trade cost.

_ (M (PaT (11 _ (Lr) wiT\'7?
le B (nz) ( D2 ) <C12) B (Lz) ( wy ) (8)
Similarly, the ratio of region 2 spending on
region 1 products to spending on local products is

Li\ (wi\17°
7= () (50) ©)
The total income of region 1 workers is
equal to the total spending on these products in
both regions. Define Y, and Y, be the regional
incomes. Recalling that the wage rate of peasants

is numeraire (w, = 1), we have:

1—
Y1 :T‘u+W1L1 (10)
1-—
YZ =TM+W2L2 (11)
The income of region 1 workers is
_ Z1y Z1z
wily _”[(1+ZH)Y1 +(1+212) YZ] (12)
The income of region 2 workers is
1 1
Wolz = [(1 n le> hit (1 n 212) YZ] (13)

Equations (8) - (13) determine wage of
workers in each region given the distribution of
labour between region 1 and 2. It is clearly that if
L =L, thenw, =w,.

3.3. Long - run equilibrium

In long - run workers can move between regions
and they are interested in real wages but not nominal
wages. Moreover, workers in the larger population
region will face a lower price for manufactured

goods (forward linkages). Let f = 71 denote the
share of manufacturing labour in region 1, the price

index of manufactured goods are
1

Gy = [fwfl"’) +(1-f) (WZ)(H)]E (14)

T
1
(1-0) -0
G, = [f (7) +a —f)(wZ)“-ﬂ]l (15)

Denote real wage by w, then the real wages

of workers in each region are w; = w;G; # and

N

w, = w,G, ", hence w, w,\G,
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From (14) and (15), it can be noted that if w,
= w,, a shift of workers from region 2 to region
1 will lower the price index G, and raise G,. As a
consequence, this will raise real wages in region 1
in relative to real wages in region 2. Therefore, this
provides forward linkages force for agglomeration:
workers in region with larger population face a
lower price for manufactured goods.

In the symmetry position, f =%, that is two
regions have equal number of workers, and
they offer equal real wage rates. However, this
does not proviac)ile enough condition for stable
equilibrium. If P decreases with f, workers tend
to migrate out of the region with larger workforce
or we have regional convergence. In contrast, if
Z—: increases with f, workers tend to migrate into
the region that has larger workforce, or we have
regional divergence.

Stability in CP model depends on three
structural parameters of the model. They are the
share of expenditure on manufactured goods (),
the elasticity of substitution among products (o),
and the Iceberg transportation cost (7).

4. Conclusions

This paper has surveyed theoretical and
mathematic foundation relating to NEG. Firstly,
it has provided the conceptual framework of
NEG, in order to understand the emergence of
spatial agglomeration of economic activity.
Additionally, the CP model has proved helpful
for understanding the interplay between
agglomeration forces and dispersion force in two
symmetric regions. Finally, details of mathematic
setup for CP model are presented in order to
provide a framework for researchers who interest
in examining the spatial economic activities.
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Tém tat

Céc di tich lich str, van hoa 1a mot dang tai nguyén quan trong bac nhét trong hé théng tai nguyén du lich nhan van. Tai
Quang Ngai, tai nguyén du lich nhan van n6i chung va cac di tich lich str, van hoéa néi riéng c6 gia tri 1on. Tuy nhién,
cong tac thu hut khach dén cac diém di tich lich st, van hoa chua dugc tot. Tac gia da tién hanh hé théng co s0 1y luan,
phan tich thyc trang thu hit khach dén cac diém di tich lich str, van héa tai Quang Ngii, tir d6 d& xudt mot s6 giai phap.
Céc yéu t6 duoc phan tich cho cong tac thu hut khach tir thuc trang dén giai phap 1a gia tri tai nguyén, dich vu, doi ngii
nhan vién, co sé ha t?mg vat chét k¥ thuat phuc vu du lich, cong tac quan ly. V&i mot $6 giai phap duoc dé xut, tac gia hi
vong gop phan nho cho viéc thu hiat khach dén véi cac di tich lich str, van hoa va phat trién du lich chung cta Quang Ngai.

Tir khéa: tai nguyén du lich nhan van, di tich lich st, vin hoa, dich vy, co s& ha tang.

Abstract

Historical and cultural sites are one of the most important forms of human tourism resources. In Quang Ngai, human tourism
resources in general and historical and cultural monuments in particular have great value. However, the mission of attracting
tourists to historical and cultural sites is limited. The author has presented some theories and analyzed the situation, then
proposed some solutions. The factors used for analyzing real situations and solutions to attracting visitors are the values of
resources, services, staffs, infrastructure in tourism and management. Hopefully, with a number of proposed solutions, the
author may contribute to attracting visitors to the historical and cultural sites and developing tourism in Quang Ngai.

Keywords: human tourism resources, historical and cultural resources, services, infrastructure.

1. Mot s6 1y luan chung vé tai nguyén du lich
nhan van va cac di tich lich sit, vin héa

1.1. Khai ni¢m tai nguyén du lich nhdn van

Nhom tac gia Bui Thi Hai Yén va Pham Hong
Long dd dua ra khai niém vé tai nguyén du lich
nhan van: “Tai nguyén du lich nhan van la tai
nguyén c6 ngudn gbc nhan tao do con ngudi sing
tao ra. Tuy nhién chi c6 nhiing tai nguyén nhan
van c6 stc hap dan ddi voi du khach va co thé

Email: lehongvuongdtu@gmail.com

khai thac phat trién du lich dé tao ra hiéu qua
xa hoi, kinh t&, méi truong méi duge goi 1a tai
nguyén du lich nhan van” [1].

1.2. Cac di tich lich su, vdan hoa

Theo muc 2, Diéu 15, Luat Du lich (2017), tai
nguyén du lich vin héa bao gom di tich lich s,
van hoa, di tich cach mang, khao cd, kién trac;
gia tri van hoa truyén théng, 18 hoi, van nghé dan
gian va cac gia tri van hoa khac; cong trinh lao
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dong sang tao cuia con ngudi cé thé duge sir dung
cho muc dich du lich [2].

Theo muc 3, Diéu 4, Luat Di san Van hoa
(2001), di tich lich su, van hoa la cong trinh xay
dung, dia diém va cac di vat, c6 vat, bao vat quic
gia thudc cong trinh, dia diém do6 co gia tri lich
su, van hoa, khoa hoc [3].

Theo céc tiéu chudn danh gia khac nhau, céc
di tich ciing dugc phan thanh nhimng cap khac
nhau: ky quan thé gi6i, cac di san van hoa thé
gidi, di tich cap qudc gia va dia phuong.

Nhoém di tich lich str - vin hoa cap qubc gia va
dia phuong duogc chia ra thanh céc loai sau: cac
di tich khao ¢6 hoc, céac di tich lich st cac di tich
van hod, ngh¢ thudt va cac danh lam théng canh.

- Céc di tich khdo co: Di tich khdo ¢6 c6 thé
bi vui lép trong long dét hodc hién dién trén mat
dat. C6 quan niém cho rang, cac di tich khao c6
(con goi 12 di chi khao ¢) bao gdm 2 loai: di chi
cu tru (settlement site) va di chi mo tang (burrial
site). Trong céc di chi cur tra ¢ thé ¢ di chi hang
dong (cave site) hoac di chi ngoai tro1 (open site)
thuong phan bd trén cac thém song, cac bai suon
d6i, noi gan ngudn nude.

- Céc di tich lich su: Di tich lich st 1a nhitng
di tich ghi nhan cac sy kién lich st hoac cac dac
diém lich str tiéu biéu cta cac dan toc trong qua
trinh phat trién. Lich str cia mdi quéc gia 1 mot
qué trinh 1au dai véi nhiéu sy kién duoc ghi dau
lai. Do vay, chi nhiing di tich nao gén vO1 cac su

kién tiéu biéu méi dugce coi la nhiing di tich lich
str. Ngoai ra con c6 nhimg di tich ghi ddu an lich
stir ddu tranh cach mang, thudng 1a nhing di tich
gan lién vé6i cude doi va hoat dong cua nhitng lanh
tu cach mang, hodc gén v6i nhitng sy kién quan
trong trong lich str dau tranh giai phong dan toc.

- C4c di tich van hod - ngh¢ thuat: Di tich van
hoa ngh¢ thuat 1a dang dac biét cua cac di tich
lich sir - van hod, bao gom cac cong trinh kién
truc c6 gia tri hoac cac tac phém ngh¢ thuat khac
nhu tugng dai, cac bich hoa...

- Céc danh lam thing canh: Theo Luét Di san
Vin héa nam 2001, “Danh lam thing canh la
canh quan thién nhién hoac dia diém co su két
hop gitra canh quan thién nhién vdi cong trinh
kién trac c6 gia tri lich str thAm my, khoa hoc”.

- Céc cong trinh duong dai: La nhiing cong trinh
kién trac duoc xay dung trong thoi ky hién dai, ¢6
gia tri vé kién triic, my thuat, khoa hoc, k¥ thuat xay
dung, kinh té. Cac cong trinh duong dai c6 thé bao
gém hé théng cac bdo tang, thu vién, nha hat, dai
truyén hinh, san van dong... co kién triic dic sic.
2. Thue trang cong tic thu hit kKhach dén cac
diém di tich lich sir, viin hoa tai tinh Quang Ngii

2.1. Két qua thu hat khdch dén véi Quing
Ngidi (giai doan 2014 - 2016)

Trong nhiing ndm qua, tinh hinh khai thac
khach dén Quang Ngii c6 nhiing thay d6i tich
cuc. Day 1a két qua t6t cho sy phat trién ctia nganh
Du lich tinh va dugc thé hién cu thé & bang sau:

Bang 1: Két qua thu hat khach dén voi Quang Ngii (giai doan 2014 - 2016)

, Téc do tang trudng/phat trién
CHI Don vi Nam Ty Nam Ty Nam T§ trong
TIEU tinh 2014 trong 2015 trong 2016 ; Tuong | Tuyét | Tuong | Tuyét

doi doi doi doi

Téng
luot Luot | 540.200 | 100.00 | 650.000 | 100.00 | 725.000 | 100.00 | 120.33 | 109800 | 111.54 | 75000
khach
Khach
qubc t Luot 42.650 7.90 55.000 8.46 | 61.000 8.41 128.96 | 12350 | 110.91 | 6000
nKh&agg Luot | 497.550 | 92.10 | 595.000 | 91.54 | 664.000 | 91.59 | 119.59 | 97450 | 111.60 | 69000
Téng TS
thu tir df‘)r}ll 508 560 640 110.24 52 114.29 80
khéch g

(Ngudn: Phong Du lich - S& Vin hoa, Thé thao va Du lich tinh Quang Ngii) [4]
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Theo Bang 1, tinh hinh khai thac khach du lich
dén Quang Ngai co diu hiéu ting qua cac nim.
Niam 2015 tang 20.33% so véi nam 2014 vé tuyét
ddi tang 109.800 lugt khach. Trong d6, khich
qudc té dén co ty 18 ting nhiéu hon so véi khach
n6i dia (khach quéc té ting 28.96%, khach noi dia
tang 19.59%). Nam 2016, téng luot khach ting
1én 11.54% vé tuong d6i va twong tng vai 75.000
luot khach xét vé mat tuyét ddi. Ca khach quéc
té va khach noi dia déu co két qua ting, trong d6
khéch qudc té tang 10.91% va khach ndi dia tang
11.60%. Tuy nhién, toc do ting khach du lich dén
Quang Ngii ndm 2016 thip hon so véi nam 2015
bao gé)m luong khach quéc té va khach noi dia
cling c6 toc do tang thap hon. Pay 1a van dé cac
nha quan 1y du lich tinh Quang Ngai can chu y.

Xét vé co cdu khach du lich dén Quang Ngii,
khach ndi dia ludn chiém ty trong cao. Qua 3 nim
tir 2014 dén 2016, khach noi dia chiém ty trong
trén 90% tong lugt khach. Trong khi d6, khach
qudc té chiém ty trong kha “khiém t6n” ludn dudi
9% trong tong luot khach. Van dé dit ra cho cac
nha lam du lich la tai sao du lich Quang Ngai chi
thu hat da s6 khach noi dia ma khong phai khach
qudc t&? Nguyén nhan 14 do tai nguyén du lich hay
vi cach thure 1am du lich hay vi nhan luc du lich?

Trong giai doan 2014 - 2016, doanh thu du lich
tang 1én. Cu thé, ndm 2015 tang 10.24% so v4i ndm
2014, vé tuyét d6i 1a tang 52 ty dong. Nam 2016
tang 14.29% so v&i nam 2015, vé tuyét ddi ting 80
ty dong. Nhimng con s6 thong ké cho mot két qua
kha quan. Tuy nhién, khi tinh binh quan doanh thu
tir 1 khach qua cac nam cho thiy két qua twong
ddi thap. Binh quan doanh thu tir 1 khach ctia nam
2014 14 940.392 dong, nam 2015 1 861.538 dong,
nam 2016 1a 882.758 dong. Pong thoi, didu nay
minh ching réng khach chi tra cho dich vu du lich
tai Quang Ngdi thip va c6 diu hiéu giam qua cac
ndm trong giai doan 2014 - 2016.

Tom lai, theo théng ké vé két qua thu hat
khach cua tinh Quang Ngii c6 nhiing thay doi
t6t nho vao sy chi dao cua co quan quan 1y vé du
lich gan véi cac chuong trinh hanh dong qua cac

nam, sy thay ddi va cai thién chét lugng dich vu
du lich cua cac don vi kinh doanh du lich... Bén
canh d6, van con nhiéu mit can phai cai thién dé
c6 thé mang lai két qua tét hon, dic biét trong
cong tac thu hat khach dén cac diém tham quan
di tich lich str, van hoa tai Quang Ngai.

2.2. Gidi thi¢u chung vé hé thong cdc diém di
tich lich sw, van hoa tai Quang Ngai

Quang Ngai dugc nhin nhan 1a mgt tinh thanh
c6 tiém nang vé tai nguyén dé phat trién du lich.
Trong do, hé théng cac di tich lich str, van hoa
1a dang tai nguyén gop phan 16n trong viéc phat
trién du lich cua tinh.

Hé théng di tich lich str, van hoa trén dia ban
tinh Quang Ngai tap trung vao cac nhom gié tri
16n nhu sau:

- Dang dia diém d6 ¢6 gia tri lich str, van hoa,
khoa hoc:

+ Diém c6 gia tri lich su cach mang: Di tich
chién thiang Van Tuong, ching tich Son My, di
tich khoi nghia Ba To...

+Diém c6 gia tri van hoa, ton giao: chiia Thién
An, chua Ong, chua Boc, chua Hang,...

+ Piém c6 gia tri van hoa gan véi nhan vat
lich str: Bénh x4 Pang Thuy Tram, khu luu niém
Pham Van D@)ng, mo cu Huynh Thuc Khéang - nti
Thién An, khu lyu niém Truong Pinh. ..

+ Diém c6 gia tri lich sir gan v6i minh ching
cha quyén bién dao: Am Linh Ty, dinh ling An
Hai, dinh lang An Vinh, nha trung bay Hoang Sa
Bic Hii...

- Dang dia diém va cac di vat, co vat: Piém
c6 gia tri gan v6i nén van hoa 16n nhu thanh ¢6
Chau Sa, di tich khao ¢6 van héa Sa Huynh, di
tich khao c6 Nui Bit...

Mot sd diém tham quan tiéu biéu cta dang
tai nguyén di tich lich s, van hoa duogc ké toi
nhu nti An - séng Tra, ching tich Son My, khu
Itvu niém Pham Van Déng, bénh xa Bang Thuy
Tram, cac diém di tich ddo Ly Son...

Nhu vay, hé théng di tich lich s, van hoa trén
dia ban tinh nhiéu vé sb luong va c6 gia trj rat
16n trong viéc khai thac du lich. Tuy nhién, tinh
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van chua khai thac hét tiém nang cua tai nguyén
nham thu hat khach dén tham quan du lich [5].

2.3. Thuee trang cong tdc thu hit khdch dén cdc
diém di tich lich sit, viin héa tgi tinh Quéng Ngdi

2.3.1. Thuc trang khai thac tai nguyén du lich
tai cac diém di tich lich sit, van héa

Hé théng tai nguyén di tich lich s, van hoéa tai
Quang Ngai kha da dang va phong phu, co6 gia tri
cao phuc vu khai thac du lich. Mac du vay, trong
qué trinh khai thac con mét s6 mat han ché can
chu ¥ thay d6i dé c6 thé tang cuong thu hit khach.

Thir nhéat: Cach thire khai thac chua chu trong
dén viéc bao vé tai nguyén du lich tai cac diém
di tich lich s, van héa. Véi cach lam nay, tai
nguyén s€ nhanh chong bi hu hai va pha huy;
luot khach tham quan s€ giam; hinh anh cua
diém tham quan trong du khéach 1a nhéch nhéc, 1a
khong c6 gia tri gi dé tham quan. Bénh x4 Ping
Thuy Tram nam khu vuc quéc 16 1A, huyén Buc
Pho 1a mot trudng hop nhu vay. Khu di tich nay
sau khi dugc dua vao khai thac mdt thoi gian thi
hién nay c6 tinh trang nhu: khong cé nhan vién
quan ly, don tiép, trong coi khu vuc tham quan,
cac hi¢n vat trung bay chua phan chia theo khong
gian va chil dé 15 nét, viéc sap xép céc trang thiét
bi con 16n xon. Ngoai ra, co sé cling cod déu hiéu
cuia viéc xudng cip nhu nén gach, son bong troc,
cac téng 2, 3 con chua tan dung...

Thtr hai: Khai théc tai nguyén du lich chua ton
vinh dugc gia trj cta cac diém di tich lich str. Noi
dung nay c6 thé dé cap t6i nhu cach thic bé tri
chua hop 1y hodc chua tdt va chua thé hién dugc
su trang trong ddi véi cac di tich, cac hién vat va
v&i cong trinh; cac dung y nghé thuat... Trong cac
nha luu niém, nha trung bay, cach thirc sip xép
chua thuc su thé hién rd nhitng chu diém chinh
trong chu dé chinh. Céch thirc bd tri, ghi chq, tao
dung hinh khong gian dat hi¢n vat con chua thé
hién duoc sy tinh té, nang bac gié tri. Diéu nay thé
hién rd & cac diém di tich nhur nha trung bay bénh
xa Bang Thuy Tram, nha trung bay khu luu niém
Pham Van Béng, khu Ivu niém Truong Pinh.

Thir ba: Cac diém di tich lich st, van hoa tiém

nang chua dugc khai thac hiéu qua. Tai Quang
Ngai, cac diém di tich thuoc loai nay con kha
nhiéu. Khu di tich gan v6i Anh hing, Bac si, Liét
si Dang Thiy Tram tai ving doi ndi va hd Liét
Son 12 mot minh ching. Khu vuc nay cé gia tri
canh quan thién nhién tuyét voi. Khong chi vay,
day ciing chinh 13 noi cu tra cia dong bao Hré
c¢6 nhitng phong tuc tap quan lau doi. Pong thoi,
vung dét con mang gia tri lich sir cia bénh x4 -
tram phau thuat thoi chién gin bo véi Pang Thuy
Tram. Dia diém nay hoan toan co thé khai thac tot
dé phuc vu du lich. Cac dia diém tiém nang khac
nhu dia dao Pam Toai (Pha Quy, Binh Chau, Binh
Son), di tich chién Thang Van Tuong (Binh Hai,
Binh Son) cling ¢ truong hop tuong tu.

Thi tu: Cong tac thu hat khach con han ché
v6i mot s6 diém co gid tri tai nguyén 16n. Cac
diém di tich lich st vdn hoa co gia tri 16n nhung
chua dau tu khai thac nhiéu nhu chia Ong, dén
thd Truong Pinh... Di tich chiia Ong mang gia
tri 1on vé mat kién tric va van héa gén voi cong
dong nguoi Hoa & Quang Ngii. Pay ciing chinh
12 mot khuén miu cho kién trac chia cua nguoi
Hoa. Cong trinh con ¢6 gia tri nghé thuat 1én duoc
xay dung rat cong phu. Thém nita, vi tri chua kha
thuan lgi cho vi¢c tham quan, cach trung tam
thanh phd chi khoang 10km. Tuy nhién, hién nay
cong trinh nay chu yéu phuc vu nguoi dan chiém
bai, chua thu hiit dwoc nhidu khach tham quan.
Trudng hop khac dé 1a bao tang téng hop tinh
Quang Ngii, mot dia diém véi nhiéu hién vat gia
tri, tuy nhién lugng khach dén thi rt han ché.

2.3.2. Thuc trang vé hé thé'ng dich vu tai cac
diém di tich lich sit, van héa

Dich vu 12 mét trong cic yéu td quan trong
gitip thu hat khach dén diém tham quan. Nhin
chung, hién nay mot s6 dia diém tham quan di
tich lich st, van hoéa da c6 nhiing dich vu co ban
nhét nhu dich vu tham quan, dich vu an uéng,. ..

Dich vy tham quan: Thong thuong, cac hudng
dan vién sudt tuyén/ tai diém t6 chic huéng dan
khach trong qua trinh tham quan. Mot s6 dia diém
tham quan khong c6 hudng dan vién, khich di 1é tw



Lé Hong Vieong / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 6(31) (2018) 33-41 37

do tham quan. Tuy nhién, du khach gap khé khin
khi thue hién dich vu nay vi mot s6 1y do nhu: hé
thong don tiép chwa chu dao, chd dau xe khong 16
rang, khong c¢6 chi dan, huéng dan cu thé tai cac
16 trinh di trong diém tham quan. Cac diém tham
quan chua c6 bang bao hiéu cu thé gay kho khin
cho du khach tim dén. D4i v6i cac diém tham quan
trung bay hién vat thi chua co sy ddi méi, ludn gitr
nguyén ven voi nhirng bd suu tap trung bay cli. Vi
vdy, cac ddi tuong khach nhu hoc sinh, sinh vién
cling khong quay trd lai dé tham quan.

Hau hét cac diém tham quan con han ché vé
dich vu hodc khong c6 dich vy du la nhitng dich
vu co ban. Chat luong dich vu con thép. Du khach
cam thay lo ling vé gia ca va chat luong khi st
dung dich vu tai cac diém tham quan. Tinh trang
cheo kéo, chat chém, chua c6 bang niém yét gia
con dién ra tai cac diém tham quan du lich vi du
nhu chua Thién An.

Han ché trong dich vu van chuyén khéach dén
diém tham quan ciing chinh 13 yéu t6 can tro
trong viéc thu hut khéach, dac bi¢t véi du khéach di
1é. C4c diém chua thuan loi cho du khach c6 thé
ké dén nhu khong ¢ tuyén xe cong cong dén dja
diém tham quan hodc it chuyén trong ngay, cac
phuong tién nhu taxi thi chi phi cao...

2.3.3. Thiee trang vé truyén théng cé dong cho
cac diém di tich lich si, van héa

Mot nhin nhan chung, cong tac truyén thong
o dong danh cho cac diém tham quan di tich lich
str, van hoa tai Quang Ngai con han ché ca vé ndi
dung va hinh thuc, tir nhitng don vi quan 1y dén
cac don vi co so. Dac biét, cac hoat dong truyén
thong mang tinh cong nghé van con nhidu diéu
can xem xét.

Noi dung truyén thong chua duoc thyc su cht
trong dé truyén tai t6i du khach muc tiéu. Voi
cac website ctia cac don vi ndi dung con so sai,
khong cap nhat, chua hap dan duoc du khach
ngay trang cong thong tin cia tinh Quang Ngii
va cac trang cua cac don vi cu thé. Vi du céng
thong tin tinh: thong tin con han ché, doi khi
khong c6 thong tin. N9i dung thong tin con bi lap

nhu myc danh thang. Mot s6 noi dung mang tinh
khong phu hop véi trang cua mot don vi co s¢
nhu trang facebook cua bao tang tong hop tinh.
Céc hinh 4nh dang tai mang tinh ca nhan khong
thuc su dai dién va phu hop cho diém tham quan.
V& hinh thirc truyén thong chua that sy hap dan
moi la, chua truyén tai dugc gia tri cia cac diém
tham quan di tich lich s, van hoa néi chung va
cac diém tham quan tai Quang Ngii noi riéng.

Tom lai, day 1a mot trong nhiing diém yéu 16n
cia du lich Quang Ngai trong cong tac thu hut
khach du lich dén diém tham quan di tich lich st
van hoa noéi riéng va du lich Quang Ngai ndi chung.

2.3.4. Thuc trang doi ngii nhan vién du lich tai
cac diém di tich lich sir, van héa

Theo thdng ké ctia Phong Du lich tinh Quang
Ngii, s6 lao dong trong du lich cua tinh ngay
cang tang cu thé 13 nam 2014 13 8.370 nhan vién,
nam 2015 1a 9.300 nguoi, nam 2016 1a 10.075
nguoi tuong duong tang 11.11% trong nam 2015
va con sb nay 1a 8.3% niam 2016. Trong dé, lao
dong truc tiép tang tir 2.700 1én 3.000 va 3.250
nhan vién qua cac nam 2014, 2015 va 2016. Ty 1€
tang tuong duong ty I¢ tang cua doi ngii lao dong
du lich chung. Thong qua nhiing con sb thong ké
cho thdy diu hiéu thay d6i tot vé mat sé lugng
gan v6i su phat trién cua du lich tinh.

Hién nay, luc lugng lao dong phuc vu tai diém
con twong d6i mong va chua chuyén nghiép. Mot
s6 dia diém tham quan di tich lich st co thuyét
minh vién nhu chung tich Son My, nha luu ni¢m
Pham Van Déng, nha luu niém Truong Dinh.
Céc diém khac hau nhu khong c6. Du khach gip
khé khin khi tham quan du lich, mong muén
duoc tim hiéu vé gia tri cua di tich khong duoc
dap ung, khong cam nhan duogc vé dep thuc su
cua diém. Xét vé mat chét luong, doi ngli hudng
dan vién tai diém con can cai thién. Hién nay, doi
ngi thuyét minh vién con thuc hién cong viéc
theo nhiém vu hon 14 thé hién tot noéi dung va
ky thuat thuyét minh. Mot sd han ché cua luc
luong hudéng dan vién nhu 13: cic ndi dung kién
thirc con mang tinh liét ké, chua chuyén tai thong
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diép gia tri nhan van gin voi diém tham quan
di tich; cac nghi€p vu tur khi don khach dén khi
tién khach con chua dugc chu trong; dic biét con
hirng ho, lam “ldy 18” trong tng xir giao tiép voi
khéch, chua tao dugc 4n tuong cho du khach.

Céc nhan vién hd trg khac tai diém tham quan
di tich ciing gop phan khong nho trong tao 4n
tugng cho du khach tir khi khach bit dau tham
quan cho dén khi két thuc. Luc luong ndy bao
gém cac bd phan nhu bao v¢, ban vé, vé sinh, don
tiép, quan 1y...Hau nhu cac khu di tich déu chua
thuc su chu trong dén cac bod phan nay trong cong
tac tao hinh anh. Céc cong viéc chua duoc thuc
hién tot. Mot s6 diém di tich, nhan vién duong
nhu khong quan tim dén du khach tham quan ma
ngdi thanh nhém danh bai, an udng, cuoi dua...
Piéu nay lam cho du khach khong c6 thién cam
v6i diém tham quan. Pay 1a van dé can thuc su
cht ¥ ctia nha quan 1y don vi. Du khach dén va sé
“mot di khong tro lai”.

2.3.5 Thuc trang vé co sé ha tcfng vdt chat ky
thudt phuc vu du lich

Bai viét nay dé cap dén hé thong giao thong
trong hé thong co so ha tang chung vi day 1a yéu
t6 tac dong chinh dén cong tac thu hut khach dén
diém tham quan. Tinh Quang Ngii khong c6 loi
thé 16n vé mat giao thong nhu khong c6 san bay
dan dung, khong c6 bén cang phuc vu van chuyén
khach du lich dén cac tinh thanh trong ca nudc.
Puong bo va dudng sit 1a hai dang hé théng giao
thong chinh yéu. V& co ban, ha tang giao thong
duong bo va duong sit dap ung duge phan nao
nhu cau di lai ctia du khach. Tuy nhién nha quan
ly can quan tam vé chét lugng cua cac dich vy
van chuyén noi chung, duong bd va dudng sit
noi riéng.

He¢ thdng co so ha tang duong bo hién nay da
duoc cai thién dac biét gén véi cac diém nam trén
truc giao thong nhu bénh xa Pang Thuy Tram,
khu luu niém Pham Vin Dong, chimg tich Son
My, khu luu niém Truong DPinh. Mac du vay,
nhiéu tuyén duong dén dia diém tham quan con
chua tét, chua thuén loi cho viéc di chuyén, chua

c6 cac bién thong bao rd vé cac diém tham quan
du lich... tinh trang nay kha phd bién véi cac
diém ¢ khu vyc phia Tay cua tinh Quang Ngii
nhu Ba To, Tra B@)ng, Nghia Hanh... hodc Binh
Son & phia Bong Bic cua tinh. Mot vi du cu thé
vé diém tham quan di tich lich st ndi tiéng cua
Quang Ngii 14 chua Thién An, cung duong di
chuyén tir chan nti dén dinh nti da bi hu hai va
can c6 su dau tu nang cap.

Vé hé thong co so vat chat ky thuat néi chung
va co sO luu tri nodi riéng da c6 nhimng thay doi tot
vé mit sb lugng va chat luong theo dénh gia cua
Phong Du lich tinh. Theo thong ké vé co s luu
tril cua tinh trong nhitng ndm qua da c6 nhiing
thay ddi vuogt bac. Nam 2014, toan tinh c6 81 co
s& dén nam 2015 con s6 nay 1a 275 va 280 trong
nam 2016. Sy thay d6i 16n vé co s luu trii gén
v6i nhip phat trién du lich cua tinh 1a mét tin hiéu
vul. Mac dau vay, khi c6 mdt sy so sanh trong
loi thé canh tranh véi cac tinh thanh khéc trong
phat trién du lich thi co s¢ vat chat ky thuat cta
tinh van con nhiéu han ché ca vé sb lugng va chét
luong tir dich vu co ban nhu luu tra, an uéng cho
dén cac dich vu bo sung, dich vu vui choi giai tri
vé dém. Pay ciing chinh 1 nhan t& anh huong
chung cho du lich Quang Ngai khong riéng cho
cong tac thu hut khach dén diém tham quan di
tich lich str, van hoa.

2.3.6 Thyee trang vé céng tac quan Iy tai cdc
diém di tich lich sit, van héa

Cong tac quan 1y quyét dinh dén sy thanh
cong hay that bai trong cong tac thu hat khach
ctia diém tham quan du lich. Vi phén tich vé két
qua hoat dong du lich tinh nhu & trén di cho thay
duoc sy nd lyc thay ddi va phat trién cta cac nha
quan 1y du lich tinh tir dia phuong cho dén céc
don vi. Tuy nhién, cic nha quan 1y ciing can nhin
nhan phai thay d6i nhiéu hon, trach nhiém nhiéu
hon dé c6 két qua tét hon.

Thuc té 13 cac chudi hoat dong/chuong trinh
hanh dong cua don vi quan ly vé du lich chua
thuc su da dang va phong phu, chua cong bd rd
rang dén cong chiing va du khach myc tiéu. Tinh
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trang nay tuong tu cho cac hoat dong danh cho
cac diém di tich lich si, van hoa. Véi cac nha
quan 1y, cac don vi tham quan du lich di tich lich
sir can chil ¥ dén cong tac bao vé va ton tao tai
nguyén, doi ngii nhan vién tiép xuc truc tiép voi
khach du lich, cong tac quan ly hé thdng dich
vu... Pay ciing chinh 14 nhitng van d¢ di va dang
ton tai trong cong tac thu hat khach. Truong hop
nay ké dén nhu nha trung bay tai bénh x4 Ping
Thuy Tram. Mot s6 dia diém tham quan chua chi
trong dén cac van dé quan 1y trén nén tao hinh
anh khong may t6t nhu: canh quan thi con nhéch
nhéc bdi rac; sy cheéo kéo khach gay ra sy hdn
loan...vi du nhu diém tham quan nui Thién An.
3. Mgt s6 giai phap nham ting cuwong thu hat
khach dén cac diém di tich lich sit, viin héa tai
tinh Quang Ngai

Bai viét tap trung vao mot sb giai phap tir cac
don vi co s va khuyén nghi dén co quan quan
1y du lich dia phuong nhdm ting cudng thu hat
khach du lich dén céac diém di tich lich st, van hoa.

3.1. Nhom gidai phap phat huy gia tri tai
nguyén cdc diém di tich lich sit, vin héa

Thir nhat: Cach thirc khai thac cht trong dén
viéc bao vé tai nguyén du lich tai cac diém di tich
lich str, van hoa. Nha quan 1y can chu trong dén
viéc bao vé tai nguyén du lich, thuong xuyén kiém
tra hién trang tai nguyén va co6 bién phap xu ly phu
hop. Cac luu y, quy dinh vé viéc bao vé tai nguyén
phai duoc thé hién 13 tai cac diém tham quan.

Thir hai: Tai nguyén du lich can dugc ton vinh
cac gid tri. V&i cac bao tang, nha trung bay can
nang tam gié tri thong qua cach thirc thé hién cac
hién vét, cac chi diém nho trong téng thé va khéc
hoa thong diép goi dén du khach. Céach thirc bd
tri can c6 khong gian thé hién riéng biét, ¢ tén
goi cho céc chu diém, co logic vé mat thoi gian,
thé hién sy trang trong trong cach thic dit, mé ta
va hudng dan ddi vai ting hién vat.

Thir ba: Tién hanh khao ciru va khai thac cac
diém di tich lich st, van hoa tiém nang. Hi¢n
nay, theo cong bé trén cong thong tin thi tinh tap
trung khai thac 5 tuyén chinh. Tuy nhién, can c6

su nhin nhan cu thé vé cac diém tham quan trong
tuyén nhitng diém c6 gia tri nhu thé nao va cach
thirc t0 chic tham quan du lich. Véi cac diém
mang tinh tiém ning can c6 su khao sét, nghién
ctru va danh gia cu thé dé nhin nhan duogc gia tri
tir 46 tién hanh x4y dyung tuyén diém khai thac du
lich. Vi du nhu tuyén vao Pirc Pho c6 thé khai
thac thuong ngoan canh quan thién nhién ho Liét
Son, kham phé tim hiéu vé vin héa dong bao Hré
va theo dong nhat ky Pang Thuy Tram.

Thir tu: Tang cudng thu hut khach dén véi cac
diém c6 gia tri 16n chua duoc cha trong khai thac.
Day la cong viéc chung tay gilra 3 nha tham gia
chinh vao hoat dong du lich bao gdbm nha quan
1y du lich dia phuong, cac don vi kinh doanh i
hanh va cic don vi quan 1y diém tham quan. Dé
thuc hién diéu nay can c6 dinh hudng chi dao
clia co quan quan 1y véi nhitng chuong trinh gan
cac diém du lich cy thé. Cac cong ty it hanh xdy
dung cac chuong trinh c6 tinh hap dan cao. Cac
don vi diém tham quan ludn sin sang cho cong
tac dén tiép tham quan. Tuy nhién, cdc diém tham
quan ndy rat can chu trong dén cong tac quang ba
(dugc trinh bay theo ndi dung muc 3.3).

Thir nam: Tang thém gia tri diém tham quan
di tich lich str, van hoa. Khai thac cac diém tham
quan di tich lich str nén c6 sy két hop thiét ké
trong cac tuyén hanh trinh theo nguyén tic 1+1
16n hon 2. M6t dia diém tham quan c6 vi tri xa
trung tam thi khong thuong duoc lya chon. Tuy
nhién két hop nhiéu diém tham quan c6 gia tri thi
du khéach s& tim dén dé trai nghiém. Pong thoi,
tang cudng gia tri nhu co thé khai thac thém cac
gia tri tiém ning khac cta diém tham quan nhu
phuc hdi nghé, cac gia trj truyén thong... Tang
cuong nghién ctru suu tAm cac hién vat lam giau
thém gia tri trong tong thé tai cic bao tang, nha
trung bay nhu bao tang tinh, nha trung bay chung
tich Son M¥. Vi du 1a, Son My c6 thé trung bay
thém mot sb hinh anh ctia Son My hom nay, qua
d6 cho thay strc sdng ménh 1iét va y chi bén bi
clia con ngudi trén manh dat lang Hong xua va
nay, d6 1a u6c mo cho mot thé gisi hoa binh.
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3.2. Nhom gidi phdp cdi thi¢n hé théng dich
vy

Péi voi dich vu tham quan: Cac diém tham
quan di tich can chu trong dén cac cach thire phuc
vu tham quan nhu ban do tong thé, cac bang chi
dan 16i di, tén céc diém/céng trinh, cac ndi dung
hudng dan... giup du khach dé dang thuc hién
tham quan tim hiéu.

Vi cac dich vu co ban khac nén xem xét tuy
vao tinh hinh cua diém tham quan dé c6 thé cung
cap dich vu dap Gmg nhu cau cta du khach. Khi
tién hanh, cung cép dich vu can cha y dén viéc
canh quan moéi truong xung quanh, chat luong
dam bao va cong bd bang gia tao su tin tudng cho
khach hang.

Xem xét va tinh dén viéc dau tu hé thong giao
thong cong cong dén cac diém tham quan c6 gia
tri 16n nham phuc vu nhu cau du khéch.

3.3. Nhém gidi phdp truyén thong cé dong

Mot la: Tat ca cac don vi tur quan ly dia
phuong dén cac diém tham quan di tich cAn phan
tich danh gia lai cong tac truyén thong co dong
va tinh higu qua dé tir d6 c6 giai phap thich hop
cho tung don vi.

Hai la: Xem xét cai thién vé cach thirc quang
ba tir ndi dung dén hinh thirc can mang tinh cap
nhat va hép dan, dic biét cac cong cu quang cao
gdn véi internet.

Ba la: Tai cac dia diém di tich lich st quan
trong can cht ¥ dén nhitng 4n pham quang cio,
nhiing tap sach tim hiéu hoic nhimng thudc phim
tu liéu nham ting hiéu Gmg cho qua trinh tham
quan ciing nhu quang ba diém du lich.

Boén la: Tang cudong cac hoat dong truyén
thong tai cac cong ty du lich, cac trung tdm thong
tin, cac dau méi giao thong... bang cac tip gip,
video quang cdo...

Nam la: Phéi hop véi cac don vi gido duc
trong tinh trong t6 chirc, khuyén khich tham quan
tim hiéu vé céac di tich lich st trén dia ban tinh,
qua d6 gido duc niém tin yéu, long ty hao dan
toc cho thé hé tré. Py ciing chinh 1a cach truyén
thong cho tuong lai.

Séu la: S& Van hoa, Thé thao va Du lich tinh
Quang Ngii nén két hop voi doanh nghiép kinh
doanh du lich va cac s& ban nganh khac t6 chtic
nhitng sy kién 16n cia thanh phd. Day 1a mot
kénh quang ba hiéu qua cho du lich thanh ph
n6i chung, ciing nhu cac diém tham quan di tich
lich str n6i riéng.

Bdy la: S& Vin hoa, Thé thao va Du lich tinh
Quang Ngii nén lién két hop tac voi cac tinh
trong nudc va cac don vi nude ngoai nham ting
cuong cong tac truyén thong dén du khach muc
tiéu.

3.4. Nhém gidi phdp vé déi ngii nhin vién du
lich tai cdc diém di tich lich sit, vin héa

Tién hanh chuan héa cho d6i ngii quan 1y vé
cach thirc quan 1y tai diém tham quan du lich
nodi chung va céac diém di tich trén dia phan tinh
Quéang Ngai noi riéng.

Thyc hién cac khoa dao tao, nang cao trinh
do k¥ niang nghiép vu huéng dan tham quan tai
diém cho d6i ngii thuyét minh vién toan tinh. Pic
biét, cac khoa vé chao don, giao tiép va cham séc
khéch can duge chu trong.

Pbi v6i cac bd phan khac hd tro trong viéc
thyc hién nghiép vu, dich vu can c6 nhiing khoa
dao tao nghiép vu, can dam bao tinh ky luat va
phuc vu du khach mot cach chuyén nghiép.

3.5. Nhém gidi phdp vé co sé ha ting vit
chit ky thudt phuc vu du lich

Can c6 sy quan tdm dau tu dén hé thong giao
thong, hé thong bién béo tai cac diém tham quan
trén toan tinh Quang Ngai.

Nghién ctru dau tu phat trién co s ha tang
nham phat trién cac diém du lich tiém ning. Vi
du: khu di tich Pang Thiy Tram tai ving ho Liét
Son, khu vuc nguoi déng bao Hré, tram phau
thuat - bénh xa... Khi khai thac du lich duoc
tién hanh, can dau tu thuyén van chuyén khach
du lich, hodc cau dé di chuyén qua lai trén ho,
duong bo dan 16i 1én tim hiéu van hoa ngudi Hré
va kham pha lich sir khang chién chéng My.

Chu trong dén hé théng co s& vat chat ky thuat
ca ve sd luong va chét luong nham thu hat va luu
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gilt khach ¢ lai tham quan va tiéu dung du lich
nhiéu hon.

3.6. Nhém gidi phdp vé cong tic quan Iy

Céac nha quan ly don vi co s¢ can xac dinh
duoc muc tiéu va cac dbi tuong can quan ly,
cach thtrc quan 1y va 1én chuong trinh hanh dong
cho nam cua cac dia diém tham quan di tich lich
stt, van hoa nham mang lai tinh hi¢u qua chung,
trong do6 c6 cong tac thu hut khach.

Cong tac quy hoach cu thé cac phan khu tir
khu tham quan, khu dich vy, khu bao vé cac cong
trinh/ hién vat, khu nhan vién.... d¢ d& dang cho
viéc quan 1y va phuc vu du khach.

Nha quan 1y chii y dén viéc dam bao sin sang
cho phuc vu khach tai dia diém tham quan du
lich nhu ¢6 nhan vién don tiép va phuc vu khach,
quan ly...

Cong viéc bao v€ canh quan moi truong tai
diém tham quan 13 viéc can chi ¥ dén trong tong
thé tao hinh anh cho diém tham quan cta nha
quan ly.

Dic biét, trong cong tic quan 1y can chu trong
dén cac co ché, chinh sach noi chung va vi¢c xu
1y vi pham néi riéng dé dam bao cho su phat trién
tdt tai dia diém tham quan du lich.

3.7. Mt 56 khuyén nghi véi S¢ Vin héa, Thé
thao va Du lich tinh Qudng Ngai

S& Vin hoa, Thé thao va Du lich tinh Quéang
Ngai can 18n ké hoach hanh dong va dinh hudng
trong phat trién cac san pham moi cho cac don
vi kinh doanh du lich nhim tao ra nhitng budc
di dot pha cia nganh du lich cho mdi nam hoat
dong du lich.

Dong thoi, S& Vian héa, Thé thao va Du lich
tinh Quang Ngdi can tién hanh thuc hién chuong
trinh hanh dong cu thé qua cac nim véi sy da
dang vé hoat dong trong chuong trinh gén véi cac
muc tiéu nhat dinh di dé ra, duoc cong bd rong
rii. Cac chuong trinh hanh dong can thé hién su
ning dong trong hoat ddng quan 1y du lich va d6i
m&i trong cac ndi dung theo thoi gian. Pong thoi,
ndi dung can chu y dén nhitng gia tri dic trung
ctia van hoa, lich sir ciia ving dat Quang Ngai

nhu cic nén van héa Sa Huynh, vin héa Cham
Pa, van hoa Pai Viét.

Cong tac quan ly, giam sat va chi dao can
dugc chu trong nham thuc hién mot cach hiéu
qua trong hoat dong khai thac du lich ddi véi cac
don vi co s0.

Xay dung doi ngli phuc vu du lich chuyén
nghiép tir quan 1y cho dén nhan vién 1a mot van
dé can duoc nhin nhan va thue hién tdt dé tao co
so cho céac hoat dong du lich khéc.

Trong cong tac tring tu, t6n tao cac di tich can
duge S¢ Van hoa, Thé thao va Du lich tinh Quang
Ngai dac bi¢t chu trong nham bao ton va phat huy
gia tri cia cac dia diém tham quan di tich lich s,
van hoa. Cong tac nay dugc thuc hién dya trén
phan tich danh gia dinh ky cac diém tham quan
va dua ra cach thure thuc hién phu hop.

4. Két luan
Su tang truong trong sb lugt khach noi riéng
va thay d6i trong nganh du lich Quang Ngii ndi
chung trong nhitng nim qua 1a du hiéu t6t cho
su phat trién. Tuy nhién, nhin nhan mot cach thuc
té thi hoat dong du lich & Quang Ngii van con
ton tai nhiéu han ché. Mot trong nhitng van d¢ 1a
cach thuc khai thac tai nguyén du lich. Dya trén
viéc nghién ctru thuc dia cac diém tai nguyén du
lich di tich lich sir, van hoa, tac gia da chi ra mét
s0 nguyén nhén vi sao cac diém tai nguyén dang
nay chua thu hut du khach va mét trong nhirng
nguyén nhan chinh dén tir cong tac quan 1y. Tir
do, tac gia da dé xuat nhom giai phap twong dbi
cu thé dé gop phan khai thac t6t dang tai nguyén
nay vao phat trién du lich cta tinh Quang Ngii.
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Tém tit

Trong nghién ctru nay, ching t6i da tong hop vat liéu hap phu tir tinh tir dat sét va bi ca phé (MACCC) dé xir 1y thude
nhudém xanh methylen (MB) trong dung dich nudc bang phuong phap cacbon hoa va tir hoa dong thoi. Cac dac trung hinh
thai, cAu trac, tinh chit tir caa vat liu duoc khao sat béng cac phuong phap khac nhau nhu XRD, SEM, FTIR, BET, VSM
va EDX. Sy anh hudng cua didu kién hip phu, cac mé hinh hap phu déng nhiét, nhiét dong hoc hip phu va kha nang tai
sir dung cuia vét lidu dugc nghién ctiru mot cach hé thdng. Két qua cho thiy, qua trinh hip phu cia MB trén MACCC c6
thé duoc mo ta boi phuong trinh nhiét dong hoc bac mot va moé hinh Langmuir v6i dung lugng hép phu cuc dai tai diéu
kién toi wu (pH = 8, nhiét do 25°C, thoi gian khudy 40 phit, 0,05 ¢ MACCC/50 mL MB) 14 244,06 mg/g. Nghién ctru
nhiét dong Iuc hoc chi ra ring qua trinh hap phu Ia qua trinh ty phat va toa nhiét. Ngoai ra, MACCC c6 thé d& dang thu
hoi bang tir tinh va tai str dung nhiéu lan.

Tir khéa: Dét sét, than hoat tinh, ba ca phé, xanh methylen, hép phu

Email: sinh2011@gmail.com
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Abstract

In this work, a novel composite consisting of magnetite, activated carbon from spent coffee grounds and natural clay
(MACCC) was prepared by a one - pot synthesis method via a simultaneous activation and magnetization processes.
Various techniques (XRD, FTIR, SEM, EDX, VSM, BET) were utilized to characterize the synthesized composite
before utilizing it as an adsorbent for removal of methylene blue (MB) from aqueous solutions. The adsorption kinetics,
isotherms, thermodynamics, and the effects of adsorption conditions were investigated in detail. The results showed
that the adsorption process was thermodynamically favorable, spontaneous, exothermic, and was best described by the
Langmuir isotherm and pseudo - first - order kinetic models. The maximum adsorption capacity at optimum conditions
(pH of 8, temperature of 25°C, contact time of 40 min, adsorbent dosage of 0,05 g/ 50 mL) was found to be 244,06 mg/g.
The overall results indicated that MACCC is a potential adsorbent for removal of MB from wastewater due to simple
preparation, high removal efficiency and good recyclability.

Keywords: Natural clay, activated carbon, spent coffee grounds, methylene blue, adsorption

1. Giéi thi¢u

Su phat trién nhanh chéng cta cic nganh
cong nghiép nhu dét may, san xut gidy, pham
mau nhudm, thudc da, in 4n, va céc nganh cong
nghiép nhua da lam gia ting lwong thuéc nhudém
tong hop thai ra moi truong. Hau hét cac thude
nhudm nay cé tdc dong ti€u cuc cho hé¢ sinh
thai va strc khoe con ngudi vi chiing c6 thé gay
{rc ché su phat trién cua thuy sinh vat va gay
ra nhiéu bénh nguy hiém trong d6 c6 ung thu
o0 nguoi [1]. Xanh methylen (Methylene blue,
MB) 1a mot thudc nhudém cation dugc su dung
rong rai trong cong nghiép ché muyc in, y hoc va
dac biét trong dét nhudém. Lugong phém mau nay
duoc thai ra ngay cang nhiéu va di gy ra nhiéu
hau qua tiéu cuc cho moi trudong, con ngudi va
dong thuc vat, can trd qua trinh hoa tan oxy tur
khong khi vao nudc, anh huong dén su sinh
truong cua cac loai dong thuc vat thuy sinh, gay
r6i loan hoat dong cua vi sinh vat va qua trinh
ty 1am sach ngudn nude [2]. Ngoai ra, MB ¢6
thé gay bong mit ¢ ngudi va dong vat khi tiép
xuc, gay kho tho, tang nhip tim, kich thich da,
kich thich duong tiéu hoa, budn nén, tiéu chay
néu nudt phai [3]. C6 nhiéu phuong phéap khac
nhau nhu hap phu, xtc tac quang hoa, phan tng
Fenton, mang loc, thim thau va phan hiy sinh
hoc dugc st dung dé xur 1y MB trong nudc thai.
Trong d6, phuong phap hip phu duoc xem la
mot phuong phdp don gidn va c6 hiéu qua cao
trong viéc loai bo thuéc nhudm [4]. Nhiéu vat

licu khac nhau nhu graphen, hydroxyapatit,
zeolit, silica, vat liéu khung co kim... [5 - 8] da
duoc phat trién dé loai bo MB ra khoi nuéc thai.
Tuy nhién, nhiing vat li€u nay c6 gia thanh cao,
quy trinh téng hop phuc tap do d6 han ché sir
dung & quy md cong nghiép. Trong nhitng nam
gan day, vat liéu c6 ngudn gbc tu nhién gia ré,
than thién véi moéi trudng nhu dat sét, gd, tao,
nam, luc binh, vo céc loai trai cay va than hoat
tinh tir cac chat thai nong nghiép nhu vo trau, vo
lac, rom, ba ca phé,... dugc nhiéu nha khoa hoc
quan tim nghién ctru st dung dé loai bo thude
nhudm trong mai truong nudc [2].

Véi cac tinh chat ddc biét nhu c6 cau tric
phan 16p, dién tich bé mat riéng 16n, dién tich
bé mit am va kha nang trao doi ion 16n, dat sét
duge xem nhu vat lidu hap phu 1y tuéng cho cac
ion kim loai va thudc nhudém cation ion nhu MB
[9]. Cung véi dat sét, than hoat tinh cling dugc
sir dung kha phd bién cho muc dich xtur 1y chat
thai 6 nhiém trong moi truong nude do c6 do
x6p va dién tich bé mit riéng rat 1on, bén trong
nhitng diéu kién moi truong khac nhau [10].
Ngoai ra, gia thanh ré va ngudn cung cap doi
dao ciing gop phan ting kha ning sir dung ctia
dat sét va than hoat tinh trong thuc t& & quy mé
cong nghiép.

Di c6 rat nhidu nghién ciru sir dung thanh cong
dat sét[11 - 13] va than hoat tinh tir phé thai cong
noéng nghiép [14 - 16] dé xt Iy MB. Gan day, su
két hop giira dat sét va than hoat tinh tir ngudn
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phé thai nong nghiép dé tao vat liéu composit cho
muc dich xu 1y thuéc nhudém hitu co cling dugc
nghién ctru. Santos va cong su [17] da tong hop
composit gdm dat sét va than hoat tinh tir bi ca
phé, sur dung dé loai bo phém mau nhuoém RB19
va RV5 véi dung luong hap phu tdi da twong Gmg
1a 110,6 mg/g va 94,32 mg/g. Két qua nghién
ctru nay con chi ra rang, kha ning hip phu cua
composit cao hon so voi1 vat ligu chi cé dat sét
hodc than hoat tinh. Tuy nhién nhugc diém cua
vat liéu nay 1a kho thu hdi va c6 thé tré thanh
chat 6 nhiém thtr cdp. Nhuoc diém nay co thé
khéc phuc bﬁng cach tao tir tinh cho vat liéu. Su
cO6 mit cac hat oxit sit tur Fe,O, trong vt li¢u
s€ giup qua trinh thu hoi va tai st dung dugc de
dang bang tir truong, tir d6 ting hiéu qua sir dung
cua vat liéu. Bén canh do, cac hat Fe,O, ¢ kich
thudc nano cling c6 kha nang hap phu cac chat 6
nhiém rét cao [18].

Trong nghién ctru ndy, ching t6i tong hop vat
liéu tir tinh trén co s& dat sét tuy nhién va than
hoat tinh tir bd ca phé (MACCC) bang phuong
phap cacbon hoa va tir hoa ddng thoi. Trong
d6, dat sét va ba ca phé duoc tron voi cac ti 16
khac nhau, ngdm trong dung dich FeCl,, sau d6
hon hop dugc ki€ém hoa bang NaOH (pH>12)
tao Fe(OH), va nung ¢ nhi¢t do cao. Trong qua
trinh tir hoa in-situ, cac hat nano Fe,O, dugc tao
trong qua trinh khtt Fe, O, (san phdm cua qua
trinh nhi¢t phan Fe(OH),) duoc phan b6 déu bén
trong cau trac cua vat liéu lam tang do bén va
kha ning thu héi, tai sir dung cua vat liéu. Ngoai
ra, NaOH sur dung trong truong hop nay khong
nhiing dong vai tro 13 tién chat ma con déng vai
tro chit hoat hoa lam ting do xdp va dién tich
bé mat cia MACCC. Vit liéu sau khi tong hop
dugc xac dinh cac dic trung bang cac phuong
phép hoa ly nhu SEM, EDX, XRD, FITR, BET,
VSM truéce khi str dung dé hap phu MB trong
dung dich nuéc. Cac diéu kién anh huong dén
qua trinh hép phu, nhi¢t dong hoc va mé hinh
hap phu duoc nghién ciru chi tiét.

2. Thuc nghiém
2.1. Vit liéu va héa chit

Ba ca phé dugc thu nhan tir cadc quan ca phé
trén dia ban thanh phé Pa Nang, duoc rira nhiéu
lan v&i nudc va sy & 105 °C trong 24 gio, sau
d6 duoc sang qua ray véi kich thude 16 0,63 mm
trudc khi su dung. Pit sét tu nhién thu duoc
tir lang gbm Thanh Ha (Hoi An, Quang Nam),
phoi kh6 duéi anh ning mat troi trude khi duge
nghién thanh bot min va tién hanh thu dat sét
tinh theo quy trinh duwgc mé ta trong cong bé [2].
Dat sét tinh duge sdy kho ¢ 110 °C va sang qua
ray kich thudce 0,125 mm. Tat ca cac hoa chat
duoc str dung trong nghién ctru nay bao gém
FeCl,.6H,0 (98%), NaOH (98,5%), HCI (37%),
C,,H,,N.Na,O,S, (98%) la hoa chat ti’nh khi‘ét
dugc mua tu Sigma - Aldrich. Nudc cat hai lan
duoc st dung dé pha cac dung dich.

2.2. Tong hop vit li¢u

Ba ca phé va dét sét tinh duoc tron véi ti 18
nhat dinh, ngam trong dung dich FeCl, 0,05 M
(i 16 rén : 10ng = 1:15). Sau khi khudy déu bang
méay khudy tir, & 60°C trong 2 gio, dung dich
NaOH 5M duoc thém tir tir vao hdn hop dén khi
pH dat 12, tiép tuc khudy thém 1 gid. Loc liy
phan rin, siy kho, nghién dé dam bao dat sét va
ba ca phé duogc tron déu, nung vat li¢u thu duoc
trong chén nung day kin nip ¢ 500°C trong 2 gio.
Sau khi 1am nguoi, san pham duoc rira bang dung
dich HC1 0,5 M cho dén khi pH cua dung dich dat
gia tri trung tinh. Cudi ciing, san pham duoc thu
ho6i bang nam cham, rira sach bang nudc va siy
kho trong 10 ¢ 105°C trong 24 gio.

2.3. Xac dinh dac trung cia vit li¢u

Thanh phﬁn tinh thé cua vat liéu dugc xac
dinh bing phuong phap nhidu xa tia X (XRD)
trén may Rigaku Ultima IV (Nhat Ban) véi dau
do (Detector) D/teX Ultra 250, dung buc xa cua
Cu-K, tai dién thé gia toc 40 kV, cuong do dong
dién 30 mA, khoang quét 20 tur 5° dén 70° véi
tbc do quét 0,02°/phut. Hinh théi ctia cdc mau
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vt liéu duoc xac dinh bang phwong phap hién vi
dién tr quét (SEM) trén may JSM - 6400 (JEOL,
Nhat Ban) tai thé gia téc 15 kV. Thanh phan cac
nguyén t6 dugc xac dinh bang phuong phap
pho ning luong tan xa tia X (EDX) dugc tich
hop cing v6i may SEM. Pho hong ngoai bién
d6i Fourier - FTIR dugc do trén may quang phd
Bruker Tensor 37 (My) véi khoang quét tir 4000 -
400 cm'. Dién tich bé mat va do xbp cuia mau dat
sét duoc xac dinh bang phuong phéap hap phu nito
long Brunauer - Emmett - Teller (BET) trén may
phan tich Quantachrome Instrument Quadrasorb
SI (M) & nhiét dd 77 K (-196 °C). Thé tich 15
tréng duoc tinh tai diém P/P = 0,95. Tinh chét tir
dugc do bang mot tir ké maiu rung VSM - DMS
880 (My) 6300 K trong pham vi tir truong tur -20
dén 20 kOe. Piém dang dién (pH ) cia MACCC
duoc xac dinh bang phuong phap do pH. Cu thé,
0,2 g MACCC duogc thém viao cac cdc thity tinh
chtra 50 mL dung dich NaCl 0,01 M véi cac gia
pH ban dau khac nhau (pH, . ) trong khoang 2,0
- 12,0. Lac hon hop trong 24 gio va sau doé do
pH cudi cing (pHﬁnaI). Gia tri pHch 1a diém giao
nhau cua duong dang dién (ApH, ApH=pH_ . -
pH, ) va truc hoanh pH_ . .

2.4. Khdo sdt khd ning hdp phu va cdc yéu
té anh huéng

Kha ning hip phu MB cua vat liéu MACCC
duoc khao sat tai nhimg thong sé hap phu pH,
luong chét hép phu, thoi gian khuéy, nhiét do va
ndng do chat bi hap phu khac nhau. Dung dich
chuin ctia MB ¢ nong d6 1000 mg/L duge chuan
bi MB rén tinh khiét. Cac dung dich c6 néng do
khac nhau dung dé nghién ctru hap phu duoc pha
tir dung dich chuén trén. D6i v6i mdi thi nghiém,
mot lugng vat liéu nhat dinh duge cho vao cdc
100 mL c¢6 chira 50 mL dung dich MB ¢6 nong
d6, pH, nhiét d6 xac dinh va duoc khudy déu trén
may rung lac. Sau khi hép phu, mau vat liéu duoc
tach khoi dung dich bang nam cham, ham luong
MB con lai sau khi hép phu dugc xac dinh béng
phuong phép quang tric tai budc séng 665 nm

trén may do quang UV - VIS Cary 60. Cac gia
tri pH khéc nhau ctia dung dich dugc do trén may
pH InoLab Multi 9310 IDS (Ptrc)va dugc diéu
chinh béng cach thém tur tr dung dich HC1 0,1 M
hodac NaOH 0,1 M.

Su anh huéng cua cac thong s6 hap phu dén
dung lwong hép phu duoc nghién ciru bang cach
thay d6i mot thong sb can khao sat va giit ¢b dinh
cac thong s6 con lai & diéu kién t6i wu. Sy anh
huong ciia pH, ham luong chat hp phy, thoi gian,
nhiét do, néng do chat bi hép phu dugc khao sat ¢
nhiing khoang gié tri twong tng tir 2 - 12; 0,01 -
0,08 g/50 mL; 5 - 100 phat; 25 - 55°C; 50 - 500
mg/L. Tét ca céc thi nghiém dugc thyc hién it nhét
trong ba 1an va lay két qua trung binh.

Dung luwong hip phu (q,, mg/g) dugc tinh theo

cac cong thuc sau:
CO - Ce

Ge X 4 (2)
trong do, C va C, lan luot 1a n@)ng dd chat bi
hap phu trude va sau khi hip phu (mg/L); V 1a
thé tich dung dich chat bi hap phu (L); m 1a khi
luong chét hap phu (g).

2.5. Khao sat kha nang tdi svr dung vt liéu

Vit liéu MACCC (0,05g) sau khi hip phu MB
duoc ngam véi 100 mL nude cat, khudy lién tuc
& 60°C va thuong xuyén thay nudc méi nhiéu lan
dé giai hap. Giai hip duoc tién hanh trong 24 gio,
sau do vat liéu duoc thu hdi bang nam cham, sy
kho va tién hanh hip phu véi 50 mL MB (200
mg/L), & pH 8, nhiét d6 25°C, thoi gian khudy 40
phut. Qua trinh hap phu - giai hip dugc tién hanh
trong 5 vong lién tiép. Kha ning tai sir dung dugc
danh gia thong qua dung lugng hip phu cta vat
liéu sau mdi vong tai sir dung.

3. Két qua va thao luan

3.1. Cac dic trung cua vt li¢u

Gian dd6 XRD va phd FTIR cia cic miu dat
sét tu nhién, than hoat tinh tir tinh (MAC) va
MACCC dugc trinh bay ¢ Hinh 1 (a) va 1 (b).
Mau MAC dugc tong hop bang phuong phap
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cacbon hoa va tir héa ddng thoi véi cac diéu
kién tong hop giéng véi mau MACCC. Hinh 1
(a) cho thdy trong gian d6 XRD cua mau dit sét
tu nhién xudt hién cac peak dic trung cho tinh
thé cta bentonit tai 20 = 18.87°, 21.20°, 35.72°,
55.01°, 62.30° (JCPDS No: 00-003-0019),
kaolinit tai 26 = 12.18°, 20.33°, 21.20°, 24.93",
34.95°, 38.31°, 45.80°, 49.37°, 50.69°, 54.87°,
59.94°, 62.30° (JCPDS No: 00-001-0527),
chlorit & 20 = 12.18°, 20.33°, 24.93°, 27.04",
29.10°, 34.95°, 38.31°, 40.29°, 45.80°, 50.14°,
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55.01°,62.30° (JCPDS No: 00-013-0003) va illit
tai 20 = 17.64 °, 27.04°, 29.84°, 34.95°, 38.31°,
40.29°, 45.80°, 55.01°, 62.30° (JCPDS No: 00-
002-0050). Bén canh d6, cac peak dac trung cho
cac khoang cua dit sét ty nhién nhu ALO, (26
= 12,18%, 35,73%); SiO, (20 = 24.93°, 38.31°,
62.30%) va phillosilicat (20 = 18.87°, 20.33",
34.95%) ciing dugc tim thay trong gian do XRD
[19]. Su hién dién cua céc tinh thé khoang nay
trong mau dat sét con dwoc xac nhin boi cac
nhom chirc trong phd FTIR (Hinh 1 (b)).
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Hinh 1. Gian d6 phd nhidu xa tia X (a) va pho hong ngoai (b) ciia cac mau CIét sét ty nhién, MAC va MACCC; Piém
dang dién (c) va duong cong tir hoa (d) cua mau MACCC

Vi du, cac peak nho quan sat dugc ¢ 3620 cm'!
va 692 cnr! 1a do cac dao dong kéo dai ciia lién két
(Si-Al)-OH. Dai hip phu cuong do cao & budc song
1108 cm! va 1020 cmr! dic trung cho lién két Si-
0-Si [20]. Cac nhém chie khac dic trung cho dat
sét nhu Al-AlI-OH, Mg-Al-OH va Mg-O-Si duoc
tim thiy trong ph FTIR ¢ budc séng tuong tng
tai 918 cm, 780 cm™! va 467 cm’'. Sy giao dong

cta lién két Fe-O cua cac oxit sit duoc thé hién
boi peak hdp thu & 540 cm. Bi mau MAC, gian
dd XRD cho thdy su c6 mit cta pha tinh Fe,O, &
20 = 18.30°, 29.34°, 30.20°, 35.60°, 39.08°, 43.20°,
47.17°,53.60°, 57.31°, 62.56° (JCPDS No: 01-088-
0315). Peak dac trung cho than hoat tinh (20 =26.1°,
43.20° [21]) khong duoc quan sat thiy do su che lap
cua cac peak c6 cuong do manh cua Fe,O,. Hién
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twong nay ciing duoc quan sat thy trong nghién
ctru ciia Danalioglu va cac cong su [22]. Trong phd
FTIR, dao dong rung cua Fe-O trong (Fe,0,) dugc
thé hién bang peak hap phu ¢ 563 cm!, cdc nhom
chuc khéc déc trung cho than hoat tinh cling dugc
quan sat ¢ 3440 cm! (dao dong kéo dai O-H), 2920
cm’, 2850 cm™, 1370 cm™ (dao dong kéo dai C-H),
1564 cm! (C = O), va 878, 818 cm™ (C-H trong
vong thom) [23]. Péi v6i mdu MACCC, cac peak
quan sat trong gian d6 XRD cho thiy ton tai hau
hét cac pha tinh thé ctia mau dat sét va MAC. Tuy
nhién, c6 su chuyén dich cia cac peak trong gian do
XRD ctia mau MACCC. Cu thé, cac peak tai 12,18°
va 24,93° dac trung cho kaolinit va chlorit bién mat
hoan toan va peak cuong do cao ¢ 26,56° d6i voi dét
sét dich chuyén sang 27,28° sau khi nhiét phan. Bén
canh do, mot sd peak dac trung cho Fe,0, ¢ 29,34,
30,20° chuyén sang 30,14° va 31,66°. Su bién mat
hoic dich chuyén cia cac peak trong MACCC so
v6i MAC chimg t6 c¢6 su thay ddi trong cu tric
dat sét trong composit MACCC. Ly do c6 thé lién
quan dén viéc thay ddi cAu tric tinh thé ciia khoang
trong dat sét trong qua trinh nhiét phan. Vi du, két
qué phan tich gian d6 XRD cta mdu MACCC chi
ra su ¢c6 mat cua mét pha méi Nhom (II) oxit AIO
(JCPDS 01-075-0278) dugc hinh thanh trong qua
trinh nhiét phan. Ph6 FTIR ciia mau MACCC cho
théy su hién dién cta cac nhom chirc dac trung cho
cad MAC va dét sét bao gom Si-O-Si, Si-Al-OH,
Fe-O va Mg-O- Si tuong Ung tai budc song 985
cm’', 689 cm™, 595 cm™, 467 cm’'.

Dién tich bé mat 1a mot thong ) quan trong
anh huong dén kha nang hép phu cua vat li€u
thong qua luc hut tinh dién. Thong sé nay phu
thudc vao ban chét ctia timg vat lidu va gia trj pH
ctia dung dich chét bi hap phu. Kha ning tuong tic
tinh dién cta vat liéu ddi vai chét bi hap phu dugc
dénh gid thong qua diém dang dién pH__ (1a gid tri
pH cia dung dich ma tai d6 bé mat vat li¢u trung
hoa vé dién tich). Khi pH ctia dung dich nhé hon
pH, thi bé mat vat li¢u tich di¢n dwong, thuan loi
cho hap phu céc anion; nguoc lai pH dung dich

I6n hon pH__ b& mit s& tich dién am va thugn loi
cho hap phu doéi véi cac cation. Két qua ¢ Hinh
1 (c) cho thay pH . cua MACCC la 5,32, tirc 1a
MACCC s@ tich dién duong hodc am khi pH cua
dung dich chat hip phu tuong ing nhé hon hoic
16m hon 5,32. Nhu vay, néu pH cta dung dich lon
hon 5,32 sé thuan loi cho hép phu cation MB.
Cung voi tinh chét dién bé mit, do tir hoa 1a
mot dai luong rat quan trong d6i voi vat liéu hap
phu tir tinh boi né danh huong dén kha nang thu hoi
vat liéu sau khi hdp phu bing tir trudng. Dudng
cong tir hda cia MACCC ¢ 300 K duoc thé hién
trong Hinh 1 (d). C6 thé thay rang gia tri tir hoa
bao hoa la khoang 43,05 emu/g. Gia tri ndy cao
hon hodc ngang véi cac chat hap phu tir tinh trén
co s& cua dat sét hodc than hoat tinh do cac tac
gia khac tong hop [24, 25]. Véi gia tri tir hoa bio
hoa cao, MACCC c¢6 thé dé dang duoc tach ra
khoi dung dich khi stir dung tir truong ngoai.

NATURAL CLAY (d) Maccc Element  Weight%
0 3221
Element  Weight% Si 11.34
0 54.61 Al 8.31
Si 20.82 Fe 16.13
Al 13.16 o K 0.32
Fe 5.37

Mg 197
C 0.97

Na 0385 Fe

/ Fe
AL A A
o1 2 3 4 5 6 7 8 910 0 1 2 3 4 5 6 7 8
keV keV

‘3 10

Hinh 2. Hinh SEM cua mau dét sét ty nhién (@) va
MACCC (b); pho tan xa nang lugng tia X ctia mau dat sét
tw nhién (c) va MACCC (d)

Hinh thai ctia vat liéu dugc quan sat dudi kinh
hién vi dién tir quét, két qua duoc trinh bay &
Hinh 2 (a) , (b). Hinh 2 (a) cho thdy rang, cic
hat dat sét rat nho két tu thanh nhirng cum hat c6
hinh dang khong dong nhat, kich thude tir 1 - 15
pm. DPéi voi madu MACCC, ta théy duoc cac hat
dat sét duoc phan bd trén céac hat than hoat tinh
tu ba ca phé véi kich thuée 10 - 50 um (Hinh
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2 (b)). Déng thoi cac 16 tréng nhé tao do xép
cho composit ciing dugc quan sat thdy trong hinh
SEM ctia mdu MACCC. D6 xbp cao cia MACCC
cling duogc xac nhan bang két qua do dién tich
bé mit va thé tich 16 trong bang phwong phap
BET. Dién tich bé mit riéng va thé tich 13 trong
cua MACCC do dugc tuong ing la 174,57 m?/g
va 0,31 cm®/g. Cac gia tri nay cao gip khoang 3
lan so voi dat sét ty nhién (55,04 m%g va 0,14
cm?®/g). Su ting d6 xOp va dién tich bé mat cua
mau MACCC so vé6i dit sét 1a do sy ¢6 mait cua
than hoat tinh tir ba ca phé.

Két qua nghién ciru thanh phan nguyén t bang
phuong phap EDX cho thiy cic mau dat sét tyr
nhién (Hinh 2 (c)) va MACCC (Hinh 2 (d)) déu
chtra cac nguyén t6 0, Si, Al, Fe, K, Mg, C va Na,
nhung ty 18 phan tram khéi lugng ciia chiing tuong
ddi chénh léch nhau. Déi véi mau MACCC, thanh
phan Fe, C va Na ting dang ké so voi mau dét sét.

Su gia ting ham lugng Fe va C 1a do sy hinh thanh
Fe O, va cacbon hoat tinh trong composit trong
qua trinh tr héa va cacbon héa ba ca phé duoc
ngam tam voi FeCl,. Trong khi do, luong Na tang
1én 10 rét 1a do lién quan dén phan g trao doi ion
giita cac cation trén bé mit dat sét va cac ion Na*
trong dung dich NaOH duoc sir dung dé kiém hoa
hon hop nhu mo ta ¢ trén.

3.2. Anh hwong ciia ti 1¢ dit sét va ba ca phé,
pH va lwong chit hip phu

Anh huéng cua ti 16 dit sét : bi ca phé trong
composit dén hidu suat hip phu MB dugc khao
sat & cac ti 1€ khac nhau 1:0, 1:0,5, 1:1, 1:2, 1:3
va 0:1 véi nhiét d¢ nung 500°C trong 2 gid. Nhiét
do va thoi gian nung duogc luya chon dya trén
nghién ctu tai liéu trong cac cong bd trude va
cac thi nghiém khao sat so bo. Hép phu dugc tién
hanh v¢i 0,05 g MACCC, 50 mL MB 200 mg/L,
25°C, pH 8, thoi gian khuay 40 phut.
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Hinh 3. Anh huéng cua ti 18 giira dat sét va ba ca phé (b), pH (b) va luong chat hip phu (c)
1én qua trinh hap phu MB trén mau MACCC

Két qua & Hinh 3 (a) cho thay kha ning hip
phu MB cua vt liéu composit gém dét sét va than
hoat tinh tir ba ca phé cao hon so véi mau vat liéu
chi co dat sét va than hoat tinh. Diéu nay c6 thé 1a
do hiéu g hip phu cong huong giira dat sét va
than hoat tinh [26]. Khi tdng luong ba ca phé va
giit nguyén luong dat sét thi dung lwong hap phu
tang va dat cao nhét véi giatri 194,58 mg/g o ti 1¢
1:2, sau d6 giam dan khi tiép tuc ting luong ba ca
phé. Hién tuong nay c6 thé lién quan dén do xdp
cua MACCC tang khi ham lugng than hoat tinh
trong composit ting, tuy nhién, khi luong dat
sét giam nhiéu so v&i than hoat tinh thi hiéu tmg
cong huong s& giam lam giam dung luong hép

phu MB. Ti I¢ gitra dat sét va bi ca phé duoc lya
chon & murc 1:2 trong cac nghién ctru tiép theo.
Anh huéng cua pH dugc khao sat trong
khoang tir 2 - 12 véi cac diéu kién hap phu nhu
trén. Dung luong hap phu MB ciia MACCC ting
dan khi tang gia tri pH (Hinh 3 (b)). Khi ting pH
tir 2 dén 5, dung lugng hép phu ting dan tir 34,58
dén 101,58 mg/g, ting manh dén 160,71 mg/g
khi pH = 6, va dat 194,58 mg/g tai pH = 8 sau
d6 dat bao hoa ¢ pH 16n hon. O pH thip (pH<5),
ndéng do H* cao s& canh tranh cac tim hip phu
cia MACCC véi MB din dén dung luong hap
phu gidm, & pH cao hon sy canh tranh nay s€
giam dan tao diéu kién thuén loi cho hép phu.
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Ngoai ra, & pH <5,32 bé mit MACCC tich dién
duong s& day cac cation MB gay khé khin cho
viéc hap phu, khi pH dung dich MB 16n hon 5,32
bé mat MACCC sé tich dién 4m va s& hut phan tir
MB (mang dién tich duong) lam tdng dung luong
hap phu. Trong nghién ctru nay ching toi chon
pH = 8 cho cac nghién ciru tiép theo.

Pé lua chon duoc luong chét hép phu tdi uu
cho qué trinh hap phy, anh huéng cta lugng chat
hap phu dén dung lugng loai bo MB ciia MACCC
da duogc khao sat ¢ nhi¢t do 25°C, pH = 8, thoi
gian khudy 40 phut véi liéu lugng MACCC thay
d6i tir 0,01 dén 0,08 g/50 mL MB (200 mg/L). Két
qua dugc thé hién ¢ Hinh 3 (c). Khi ting luong
chat hip phu tir 0,01 dén 0,05 g, do cac tdm hap
phu duoc ting cuong nén dung lugng hip phu
tang tir 152,10 dén 194,5 mg/g. Tuy nhién, khi
tiép tuc tang luong chat hap phu thi dung luong
hap phu giam. Déu nay co thé 1a do cac tim hap
phu d3 duoc bd sung trén mirc bio hoa va luong
chat hap phu nhiéu 1am che chan cac tam hap phu
[27]. Theo két qua khao sat (Hinh 3 (c)) chiing toi
chon 0,05 g/50 mL 1a lidu luong t6i wu cho qua
trinh hap phu MB.

3.3. Cic mé hinh déng hoc va ding nhigt
hip phu

Viéc tim ra m6 hinh mé ta qua trinh hap phu
ctia mot vat liéu rat quan trong dé co thé thiét ké
cac diéu kién phu hop khi ap dung vét lidu trong
thue té. Trong nghién ctru ndy, cac phuong trinh
phi tuyén tinh biéu kién bac mot (2), bac 2 (3),
Langmuir (4) va Freundlich (5) dugc str dung dé
khao sat dir liéu hip phu ciia MB trén MACCC.
Céc phuong trinh duoc biéu dién nhu sau [28]:

q: = q.(1— e k1t) (2)

kpqét
9 =75
_ quLCe
T =1YK.C, “)
qde = Kpcel/n (5)

trong do: q, va q, lan luot 1a luong dung luong
hap phu ¢ thoi diém t bat ky va thoi diém can
bang (mg/g); k,(phut") va k, (g/mg/phit) 1a hing
s6 toc do hép phubac 1 vabéac2; q_laluong chét
bi hap phu cuc dai trén mot don vi khéi luong
chat hap phu (mg/g); K, (L/mg) vaK, (mg/g) lan
luot 1a hang s hap phu Langmuir va Freundlich;
n la hé sé di thé.

Sy pht hop ciia cic md hinh véi cac diém
thuc nghiém va cac théng s6 hap phu duoc tinh
toan st dung chtrc nang Fitting cua chuong trinh
Origin 8.5. Két qua khao sat dugc trinh bay &
Hinh 4 va Bang 1.

Két qua ¢ Hinh 4 (a) cho thay dung lugng hip
phu cia MACCC tang nhanh trong 20 phut dau,
ting cham trong 20 phut tiép theo va hau nhu
khong thay d6i sau 40 phut, khi ma qua trinh hap
phu dat can bang. Do d6, thoi gian khuay 40 phut
duoc chon lam thoi gian hip phu tbi wu trong
nghién ctru nay. T Bang 1 cho thiy gia tri ctia hé
s0 twong quan R? ctia phuong trinh dong hoc biéu
kién bac mot (R>= 0.9968) cao hon so véi phuong
trinh bac hai (R? = 0.9939) va dung lugng hap
phu tinh toan (q,, = 194,96 mg/g) :[heo phuong
trinh dong hoc bac mdt co gia tri gan voi gia tri
thye nghiém (q,, = 194,58 mg/g). Vi vay, co thé
két luan, dong hoc ctia qué trinh hap phu MB c6
thé duoc mo ta bang phuong trinh biéu kién bac
mot.

Bang 1. Cac thong s ctia md hinh dang nhiét va dong hoc hap phu cia MB trén MACCC

M6 hinh dfmg nhiét Gia tri Mo hinh dong hoc Gia tri
Langmuir Bdc 1

q, (mg/g) 244,06 q, (mg/g) (tt) 194,96
K, (L/mg) 0,509 q, (mg/g) (tn) 194,58
R, 0,004-0,04 k, (phat') 0,119
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R? 0,9978 R? 0,9968

Freundlich Bdc 2

K, (mg/g) 114,81 q, (mg/g) (tt) 214,74

I/n 0,15 k, (g/mg/phit) 0,0015

R? 0,8389 R? 0,9939
200 (a) .......... —— 2504 (b) ............................

—
(=2
B 100
£
N 2
) 50 = Piém thye nghiém
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ol & 0 e Bac 2
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Hinh 4. Cac m hinh dong hoc (a) va dang nhiét (b) hap phu ciia MB trén MACCC

Quan sat két qua thu duoc ¢ Hinh 4 (b) va Bang
1, ta thiy qua trinh hap phy MB trén MACCC
dugc mo ta tot hon v6i mo hinh Langmuir. Ngoai
ra, gid tri ctia hé s6 phan tach khong thir nguyén
R, (R = 1/(1+K,C))) nam trong khoang tir 0 dén
1, khang dinh qua trinh hap phu chiém vu thé
hon qué trinh phan tach (giai hap), co6 nghia 1a
diéu kién khao sat thuan loi cho qué trinh hép
phu va mé hinh Langmuir phu hop dé mé ta qua
trinh hip phu cia MB trén vat lisu MACCC [29].
Dung luong hap phu cuc dai q,, tinh tr phuwong
trinh Langmuir 1a 244,06 mg/g. Gia tri nay cao
gap 3,4 1an so v6i dat sét tu nhién trong nghién
ctru [2] va gip 8.5 lan so v&i bd ca phé [30].
Hing sb K, dac trung cho dung lugng hap phu
cuc dai tinh theo mo6 hinh Freundlich cta vat liéu
MACCC la 114,81 mg/g. Dya vao gia tri 1/n ¢6
thé danh gia dugc sy thuan lgi cta qua trinh hap
phu cua mot chét trén vat liéu hép phu. Cu thé,

UT (K1)
0,0030 0,0031 0,0032 0,0033 0,0034 0,0025

250
(@)

LnK.=8316/T-24,48

20 30 40 50 60
T(°C)

L]
LnKg

khi 1/n nam trong khoang 0,1 dén 0,5 chét bi hap
phu d& dang hap phu trén bé mat vat liéu, nguoc
lai gia tri 1/n > 2, qua trinh hap phu kho dién ra
[31]. Trong nghién cuu nay, gid tri 1/n = 0,15,
ching to cac phan tir MB dé& dang hép phu trén
bé mit cia MACCC.

3.4. Anh hwéng ciia nhi¢t dé va nhi¢t dong
lwe hoc hip phu

Su anh hudng cta nhiét do dén kha nang hap phu
MB ctia MACCC dugc khao sat 625, 35,45 va 55°C
v6i luong chét hip phu 0,05 g duge khudy trong 50
mL MB (200 mg/L), pH = 8, trong 40 phut. Ttr Hinh
5 (a) cho thay, kha ning hip phu MB cia MACCC
phu thudc 10 rét vao nhiét do. Khi nhiét do tang tu
25°C dén 55°C, dung luong hap phu cia MACCC
giam tir 194,58 mg/g xudng con 145,78 mg/g.
Nhu vy, trong diéu kién khao sat, nhiét do cang
tang, dung luong hip phu cang giam, ching to qua
trinh hip phu thun loi ¢ nhiét do thap.

2004

(b)
: H H H

S6 1an tai siv dung

de (mgig)
g

@
=

Hinh 5. Anh huéng cia nhiét do dén sy hap phu MB trén MACCC (a)
va kha nang tai st dung cua MACCC d6i voi su hap phu MB (b)
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Tur két qua khdo sat sy anh huong cta nhiét
dd dén kha nang hép phu cua vat liéu co thé xéac
dinh cac thong s6 nhiét dong hoc nhu sy thay
d6i nang luong ty do Gibbs (AG), entrophy (AS),
entanphy (AH) theo cac cong thuc sau:

AG = —RTInKc (6)
AG AH

- _ (7)
LnKc R RT

trong d6 R 1a hang s6 khi 1y tuong, R = 8.314 (J/
mol.K); T la nhiét d¢ tuyét déi (K); K_ 1a hé s
nhiét dong hoc va K dugc tinh theo cong thuc:

Ke =2 ®)
trong d6 C_,va C, 1an hrot 14 ndng do MB trong
chat hap phu va trong dung dich sau hap phu
(mg/L).

Céc gia tri AH, AS dugc tinh toan dya vao
phuong trinh phu thudc gita LnK_ va I/T. Két
qua tinh toan dugc trinh bay & Bang 2.

Béng 2. Thong sb nhiét hoc ctia qua trinh hap

phu MB trén MACCC
Nhiét do AG (kJ/ AH (kJ/ AS (J/mol/
(K) mol) mol) K)
298 -8.83 -69.11 -203.42
308 -5.97
318 -4.20
328 -2.69

Tt Bang 2 ta thiy, AG tai tit ca cac nhiét do
khao sat déu mang gia tri 4m, diéu nay chimg to
qua trinh hap phu cia MB trén MACCC la qua
trinh tu phat, tirc 1a ty dién ra ma khong can xc
tac. Ngoai ra, gid tri AG tang khi nhi¢t do tang
khang dinh qua trinh hap phu MB trén bé mat
MACCC thuan lgi ¢ nhiét do thap va chu yéu 1a
hap phu vat 1y. Gia tri am cua AH va AS chiing
t6 qua trinh hap phu cia MACCC dbi voi MB
la qua trinh téa nhiét va mic do tu do cta cac
phan tir trong dung dich giam tai bé mat phan
cach rin - 1ong. Ban chit ciia qua trinh nhiét
dong hoc hap phu MB trén MACCC twong tu
nhu hap phu MB trén dat sét duoc cong b trong
nghién ctru [2].

3.5. Nghién cvru khd nang tdai sw dung vt
liéu

Uu diém noi bat ciia vat liéu tr tinh 1a c6
thé dé dang thu hoi va tai sir dung nhiéu lan.
Trong nghién clru nay, kha nang tai sir dung ctuia
vat lieu MACCC dugc khdo sat qua 5 vong hap
phu - giai hap phu lién tiép. Nhu dugc trinh bay
& Hinh 5 (b), khi ting s6 lan tai st dung dung
lugng hap phu cia MACCC giam dan. Su giam
nay c6 thé 1a do hai nguyén nhan chinh d6 la:
su mat dan cac tdim hip phu qua nhiéu lan tai str
dung va su giai hip chua dién ra hoan toan do
cac phan tu MB con bi gilt chét trong MACCC.
Tuy nhién, sau 5 1an tai sir dung lién tiép dung
lugng hap phu cia MACCC con tuong ddi cao
khoang 158,18 mg/g, giam 18,17% so véi lan
hap phu dau tién. Bén canh dé, khéi luong cua
mau MACCC sau 5 lan s dung giam khong
dang ké chi 2,39% chung to vat liéu kha bén va
hiéu suat thu hdi khé cao.
4. Két luén

Trong nghién ciru nay, chung toi da tong hop
thanh cong vat liéu tir tinh tir dat sét va bi ca phé.
Céc dac tinh 1y - hoa cua vat liéu da dugc khao
sat trugc khi st dung dé hip phu MB trong dung
dich nudc. Két qua qua cho thdy, vat liéu tong
hop dugc c6 do tir hoa bao hoa 43,05 emu/g, dién
tich bé mit riéng 174,57 m¥/g va diém dang dién
pH_, =5,32. Qud trinh hip phu MB trén MACCC
la qua trinh tu phat, téa nhiét va dugc mo ta tot
v6i mo hinh dang nhiét Langmuir va phuong
trinh dong hoc bac mgt. Dung lugng hép phu cuc
dai tinh theo mo6 hinh Langmuir dat 244,06 mg/g
tai diéu kién hap phu t6i wu (pH = 8, thoi gian hap
phu 40 phut, luong chit hap phu 0,05 g/50 mL,
25°C). Ngoai ra, két qua nghién ctru kha ning tai
sir dung cho thdy MACCC c6 d6 bén va kha ning
tai st dung cao. Nhu vay, vat li¢u tur tinh tir cac
nguyén liéu tu nhién va phé thai 1a dat sét va ba
ca phé co thé sir dung nhu mot chat hap phy trién
vong cho muc dich xtr Iy thuéc nhuém trong moi
truong nudc.
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Abstract

The laser ablation was induced at the power intensity of 10 GW/cm? on an epoxyresin target in liquid confining regime.
In this paper, we investigate the effect of the paint layer on the strength of laser - induced stress by comparing the
photoelastic images of laser ablation induced when the target is not coated and being coated with different color of paint
layer. The result showed that a paint coating does not enhance the laser induced shock due to impedance - mismatch effect.
However, the paint with dark color increased the absorptivity of laser energy onto the sample surface, thus inducing a
stronger stress to the target.

Keywords: Laser ablation, photoelasticity imaging technique, sacrificial coating.

Tom tat

Qua trinh phé hity bang tia laser dugc thuc hién tai mirc ning lwong 10 GW/cm? trong méi trudng nude. Trong bai bao
nay, chung toi phan tich anh huéng cua 16p son 1én d6 16n img sudt gdy nén trong long chit réin bang cach so sanh anh chup
quang dan hdi qua trinh ph4 hily bang tia laser khi bé mit vat liéu dwoc son v6i cac mau son khac nhau. Két qua chi ra
rang 16p son khong lam ting ing suat dwa trén hiéu ing khong tuong hop trd khang. Tuy nhién, mau son tdi giup tang kha
nang hap thu ning lugng anh sang trén bé mat mau va do d6 lam ting d¢ 16n séng ing sudt gay nén trong long vat mau.

Tir khéa: Qué trinh pha hiy gdy nén bai tia laser, k¥ thuat chup anh quang dan hoi, 16p boc bao vé.

1. Introduction

When focusing an intense, short laser pulse
onto a solid surface, the laser ablation is induced to
form a high-pressure plasma. This plasma drives
a shockwave into the surrounding environment
and a stress wave into the solid target during its
expansion. In applications of laser ablation for
surface treatment, a sacrificial coating is usually

Email: thaonguyen@dtu.edu.vn

used to protect the target surface from being
ablated by the plasma [1 - 3]. Paint is commonly
used as a sacrificial coating due to the simplicity
of the technique and the ability to apply on a
wide range of materials.

In addition to their protective effect, the paint
coatings have been found to increase the shock
pressure. At laser intensities below 1 GW/cm?,
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some enhancement in the amplitude of stress
wave was observed [4, 5]. However, the effects
of the paint coating on the stress induced by laser
ablation at power intensities in the GW/cm? range
has yet to be investigated thoroughly.

In this study, we used paint with different colors
as sacrificial coatings. The ablation was induced in

3

Probe laser (532

(a) Ablation configuration

Vessel i)
Water
Epoxy-resin B eam'
block Expander

the water - confining regime with the energy density
of 10 GW/cm?. The strength of the stress wave is
observed by photoelasticity imaging technique.
The results are compared with the ablation of the
bare target to elucidate the effect of paint coating on
the strength of laser - induced stress.

2. Experimental method

Ablation laser
(1064 nm)

3

edl

Target

Objective Lens
(f=40 mm)

(b) Imaging system Camera

Figure 1. Experimental system

The shock process was induced by focusing a
single laser pulse (1064 nm, FWHM 13ns) onto
an epoxy - resin surface (Fig. 1(a)). The pulse
energy was 60 mlJ, equivalent to the energy
density of 10 GW/cm? on the target surface. The
target surface is ground to remove burr before
being coated with paint. Transparent paint, white
paint, and black paint were used. The paint was
sprayed on the target to form a layer with the
thickness of around 100 micrometers. The sample
was immersed in static water, with the upper
surface of 5 mm under the water - air interface.
We used the high - speed photoelasticity imaging
technique to investigate the ablation process
and semi - quantitatively compare the strength

(b) Transparent paint coating

(c) White paint coating

of laser - induced stress wave. The imaging
system was based on a kind of pump and probe
imaging system with a photoelastic polariscope
added to provide photoelastic images (Fig.
1(b)). The imaging system is the same as in our
previous reports [6] and only a brief description
is presented here. The imaging system includes
a Nd:YAG laser (Powerlite 8000) to provide the
ablation pulse and a second laser (NY 82) used to
provide probe pulse (532 nm, FWHM=6 ns). The
delay time was maintained using a digital delay
circuit. The time of each image was defined as
the interval between the rise of the pump pulse
and the peak of the probe pulse.

3. Results and discussion

(d) Black paint coating
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Figure 2. A comparison between photoelasticity images of laser ablation when the target is (a) not covered, (b) covered
with transparent paint, (c) covered with white paint and (d) covered with black paint. Pulse energy is 60 mJ. Delay time
is 1500 ns. N: number of fringes
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Figure 2 compares the photoelasticity images
of laser ablation observed at 1500 ns between the
bare target and the targets covered with transparent
paint, white paint, and black paint. The black line
dividing the picture by half is the image of the
target surface. The upper half is water and the
lower half is epoxy - resin. Inside the solid target,
we can observe photoelasticity fringes which
represent the transient stress distribution. From
the images, we see that the number of fringes is
5 for the non - coated target, target covered with
transparent paint, and target covered with black
paint. However, the number of fringes increases
to 6 in case the target is covered with black paint.
Since the number of fringes semi - quantitatively

(a) No coating

S
2
232 "f;*ﬂ

represents the strength of laser - induced stress
waves (LSWs) [6], the increase in the number
of photoelastic fringes indicates that a stronger
stress has been induced when the black paint
is applied. In this experiment, we observed no
distortion in photoelastic fringes, suggesting that
the impedance-mismatch effect did not happen in
this case. This can be explained by that the paint
coating has almost the same acoustic impedance
as the epoxy-resin, and the back-and-forth
reflection of shock wave within the layer did not
happen. In the three colors of the paint coating,
the increasing of a number of fringes only occurs
in the case the target is covered with black paint.

(b) Black paint coating

1 mm e

Figure 3. Photoelasticity images taken when the laser beam is focused 0.7 mm
above the target surface Pulse energy is 60 mJ Delay time is 1500 ns

In Figure 3, we compare the shock process
between black paint coated target and bare target
when the laser beam is focused 0.7 mm above
the target. The observation was made at 1500 ns.
In the focal region, the break down occurs. The
break - down zone appears as a black area at the
top of the images. The shockwave induced by
the breakdown has a circular shape and comes
to interact with the target surface. For bare target
(Fig. 3(a)), the breakdown induced shockwave
impinged on the target surface, causing some
photoelastic fringe inside the target. For coated
target (Fig. 3(b)), besides the main shock wave
induced by the breakdown, we can also observe
another shock wave emerging from the target
surface. Compare to the ablation of the bare

target, the photoelastic fringes are denser in this
case, indicating that a stronger stress has been
induced inside the coated target. The existence
of an additional shock wave from the surface
indicates that part of the laser energy can go
through the breakdown zone to reach the target
surface [7]. The leaking laser energy is quite
small and could not induce the ablation on the
bare target. However, for the coated target, the
absorptivity is enhanced so that the leaking
energy can induce a detectable effect on the
target surface.

It has been pointed out that covering the
target surface with sacrificial coating enhanced
the pressure by impedance-mismatch effects,
in which the peak stress was increased when
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shock waves propagated from the coating to the
substrate target [3]. However, due to the good
match in acoustic impedances of the two materials
in our experiment, we rule out the possibility
that the observed stress enhancement was due to
impedance mismatch. At laser intensities below
1 GW/cm?, some enhancement in the amplitude
of laser - induced stress was observed if materials
with high absorptivity, low thermal conductivity,
and low heat of vaporization were used as
sacrifical coating [5]. At laser power densities
in the GW/cm? range, it has been believed that
the shock process is controlled by properties of
the ionized plasma that is created on the target
surface rather than by the properties of the target
materials themselves and the absorptivity of
materials should not affect the energy absorption.
However, our results proved that even at laser
intensities of 10 GW/cm? in our experiments,
the absorptivity of materials still can cause a
dominant effect on the energy absorption at the
target surface. To explain the effect of absorptive
coating on laser - energy absorption at high energy
density, knowledge of the plasma temperature
and densities of ionized particles is vital. We are
currently unable to measure these properties, thus
a detail discussion on to the absorptivity of laser-
induced plasma in ablations with bare targets and
coated targets has yet to be available and will be
the topic of the future research. However, the
results presented in this paper have confirmed
that the use of an absorptive coating can enhance
the shock process by positively affecting the
absorption of laser energy by plasma, even at
power intensities in the GW/cm? range.

4. Conclusion

The effects of an absorptive coating on the
dynamics of laser induced ablation in liquid

confining regime have been investigated.

We showed visually that a coating with high
absorptivity enhances the coupling of laser energy
on the target surface, thus inducing a stronger
stress inside the solid target. This absorptivity
enhancement effect is dominant, even at the laser
intensities in the GW/cm? range.
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Abstract

Transmutation of minor actinides (MAs) in a sodium - cooled fast reactor (SFR) with a thermal output of 600 MWt has
been investigated for simultaneously attaining low burnup reactivity swing and reducing long - lived radioactive waste.
In the SFR, additional content of MAs was loaded uniformly in the fuel regions and optimized to reduce the burnup
reactivity swing while maintaining the sodium void reactivity under a design limitation. The burnup reactivity swing of
the SFR is reduced to 1.94% Ak/kk’, when the MA content of 10.0 wt% was selected. The MA transmutation rate of about
52.5 kg/yr is equivalent to the production rate in 9 light water reactors (LWRs) of the same electrical output.

Keywords: Minor actinide, reactivity swing, SFR

Tém tat

Nghién ciru khao sat viéc chuyén hoa minor actinides (MAs) trong 10 phan tmg neutron nhanh lam mat bang sodium
(SFR) véi cong suét nhiét 600 MWt duoc thuc hién nham dat duoc déng thoi su sut giam do phan ung thép trong qua
trinh chay nhién liéu va giam chat thai hat nhan véi thoi gian sdng dai. Trong 16 phan Gmg SFR, lugng MAs dugc thém
vao cac ving nhién liéu mot cach dong déu va duoc toi vu hoa nham giam su sut giam do phan tng trong qua trinh chay
nhién liéu va dam bao hé sb rdng sodium thap hon gia tri cho phép. Su sut giam do phan tng cua 10 SFR dugc giam téi
gia tri 1.94% Ak/kk’, khi luong MAs dugce thém vao nhién liéu 1a 10.0 wt%. Tée do chuyén hoa MA 1a 52.5 kg/yr tuong
g véi toc do sinh MA trong 9 16 phan tmg LWRs véi cting cong suat.

Tir khoa: Minor actinide, reactivity swing, SFR

Email: tranhoainam4@dtu.edu.vn
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1. Introduction

A light water reactor (LWR) with an electrical
output of 1000 MWe and average discharged
burnup of 33 GWd/MT produces about 24 kg of
minor actinides (MAs) per year. In the total MAs
discharged from spent fuel of LWRs, neptunium
(Np) constitutes about 50%; americium (Am) is
45% and curium (Cm) constitutes the remainder
of about 5%. Minor actinides are disposed of
geologically as long - lived radioactive waste
(LLRW), whereas Am and Cm contribute to most
of the radiotoxic inventory of spent fuel after
250 years storage. Transmutation of MAs means
reduction of the LLRW inventory. Fast reactors
(FRs) can transmute M As to short - lived nuclides
and minimize higher radioactive products by
taking advantage of their hard neutron spectrum.
Extensive studies to transmute MAs and fission
products have been undertaken [1, 2].

One ofthe challenges of FRsis alargereactivity
swing. Several attempts have been made to deal
with the problem of large reactivity swing in
previous FR designs. A large number of double
entry control rods was used to accommodate
the large reactivity swing effectively in case of
MIT study on actinide burner [3]. A design of
a modular lead - cooled FR was proposed for
a small reactivity swing [4]. Minor actinides
were used to extend the operation cycle of fast
breeder reactor (FBR) cores in references [5].
A comparison of MA transmutation in sodium -
cooled and lead - cooled FRs has been carried
out [6]. The influence of additional Am on core
characteristics was investigated separately from
Np and Cm [7], though for nonproliferation
resistance it is undesirable to separate those
MA:s. A feasibility of using Np was investigated
for attaining the small reactivity swing and
improving the neutronics performances of an S
- CO, - cooled core [8]. Since the production to
capture cross section ratios of most MAs increase
significantly at neutron energy greater than 0.1

MeV as shown in Fig. 1, positive reactivity is
inserted mostly due to neutron spectral hardening
when coolant is voided. The considerable
increase of void reactivity is a salient difficulty
in using substantial quantities of MAs.

In the present work, we aim at transmuting
MAs in a prototype SFR for simultaneously
reducing LLRW and attaining low burnup
reactivity swing.

10-3- AP | Ll AU | NI |
10° 10’ 10

Energy (eV)
Figure 1. Production per capture cross section ratios
of minor actinides in fast neutron energy

2. Core description and calculation model

An SFR core has been designed as a part of
indirect CO, gas turbine system. The core has
the thermal power output of 600 MWt and two
plutonium enrichment regions. In the SFR core,
three batch loading scheme is used. The fissile
plutonium enrichments of the inner and outer
fuel regions are 19.9 and 29.8 wt%. The inner
and outer fuel regions of the core respectively
contain 57 and 42 fuel subassemblies. Minor
actinides are loaded uniformly into the fuel of
the cores to minimize the burnup reactivity. The
core is designed with 10 control rods: seven
primary control rods and three back up control
rods. Configuration of the SFR core is displayed
in Fig. 2.

Burnup calculations were performed using the
CITATION code [9] and the JENDL-3.3 library
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[10]. A seven energy - group RZ model in the
CITATION code was applied to determine optimal
MA contents in the cores. Three - dimensional
Z-triangular calculations with 35 energy - groups
were carried out to obtain core characteristics, e.g.
burnup reactivity, control rod worth, etc.

@ Primary control rod 7
& Backup controlrod 3

@ Inner core 57
@ Outer core 42
@ Blanket 90

@ Reflector (SUS) 54
(O Reflector (Zr-H) 60

Figure 2. Configuration of the 600 MWt SFR core
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Figure 3. Neutron capture and subsequent decay reactions
of minor actinides

3. Results and discussion
3.1. Optimization of MA content

In the SFR core, MAs are loaded uniformly in
the fuel with the isotopic compositions presented
in Table 1. The addition of MAs is not intended
to lengthen the core life - time, but to reduce
the burnup reactivity swing. Since substantial
quantities of MAs would lead the considerable
increase of void reactivity, the void reactivity is
used as a constraint to determine the additional
MA content in the SFR. A comprehensive
approach estimates the void reactivity limitation
of liquid metal fast breeder reactor (LMFBR) of
about 6 § [11]. Therefore, in the present study,

a limitation for void reactivity is taken as 5
$ to ensure safety when uncertainty is taken
into account. The sodium void reactivity was
evaluated in case when 100% of sodium in the
active core was voided. The MA loading content
was limited to 10 wt% to maintain the sodium
void reactivity under the design limitation of 5 §.

Table 1. Isotopic composition of minor actinides

Nuclide Compositions (wt%)
B7Np 49.14
2 Am 29.98
42mAm 0.08
HAm 15.50
2Cm 0.0
Cm 0.05
24Cm 4.99
5Cm 0.26
1.08 ——————— .
i —=—No MA
1.07 - —e—MAs =10 wt% |
1.06 .
'\.
o 1051 ~. .
QN r\<.’ *********** \ ****************************** -
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Figure 4. Change of k , during burnup in the SFR
with 10.0 wt% MA loading
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Figure 5. Radial power distribution at the midplane
of the SFR core
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In the core without MA loading, the burnup
reactivity swing is about 4.3% Ak/kk’. Fig. 4
depicts the change of keff during burnup of the
SFR core with 10 wt% MA loading. The burnup
reactivity swing reduces from 4.3% Ak/kk’ to
about 1.94% Ak/kk” when MA 1is loaded by 10
wt%. A lower burnup reactivity swing can be
attained if the MA content is increased, however,
the sodium void reactivity will increase and
exceed the design limitation of 5 §. The breeding
ratios are 1.13 and 1.14 at BOC and EOC,
respectively, in the MA loaded core.

3.2. Characteristics of the SFR core

The core is designed with 10 control rods (7
primary rods and 3 backup rods), which are half
that of the MONJU core (13 primary rods and
6 backup rods). The control rod worths were
assumed with one - rod - stuck condition and
evaluated with the highest value, i.e. the rod
is inserted totally. In the SFR, the primary and
backup control rod worths with one-rod-stuck
condition are 4.4% Ak/kk’ and 2.3% Ak/kk’,
respectively. These values imply the shutdown
margins of seven primary control rods and three
backup control rods are 0.69% and 0.85% AL/
kk’, respectively. Moreover, the excess reactivity
is reduced so that the core can be kept at a near -
critical condition in consideration of the reactivity
uncertainty. Primary rods are withdrawn from
the core during the operation; reactivity insertion
imparted by rod withdrawal is small.

Fissile plutonium enrichment in the inner
and outer cores has been determined so that the
maximum power density in the inner core at EOC
matches that in the outer core at BOC. That is true
because that determined plutonium enrichment is
known empirically to maximize the core average
power density in a two - region core. The radial
power distributions at the core midplane at BOC
and EOC of the SFR core is portrayed in Fig. 5.
Difference of the maximum power density in the
inner core and the outer core is a few percent.

When the maximum power densities in the inner
and outer core are approximately equal, the
power peaking might be lower. Therefore, the
coolant efficiency is expected to be increased.
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Figure 6. Change of the heavy metal nuclide inventory

The heavy metal inventories in the SFR core
at BOC and EOC are presented in Fig. 6. The MA
transmutation rate is about 52.2 kg/yr in the SFR
core. The MA transmutation rates were evaluated
taking into account also new generated MAs
from fuel depletion. The transmutation rate of
MAs is considerably equivalent to the generation
rate in 9 LWRs with the same electrical power of
250 MWe. 1t is noticed that while the total MA
amount decreases, the amount of Cm increasing
in the core is about 7.6 kg/yr as shown in Fig. 6.

As illustrated in Fig. 1, some MA nuclides have
fission cross sections significantly increasing when
the neutron energy becomes greater than about
0.5 MeV. When coolants are voided, the neutron
spectra will become harder, and the MA fission
rate will increase at above this energy. Moreover,
minor actinides are likely to absorb lower energy
neutrons, and therefore contributing to the
hardening of the neutron spectrum. Therefore,
additional MA contents produce a positive void
reactivity effect. The positive void reactivity
is mainly affected by changes in the neutron
spectrum. The other effects on the positive void
reactivity come from neutron leakage, coolant
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absorption, and self - shielding effect of cross
sections. The sodium void reactivity is 4.7 $ at
BOC and 2.3 $ at EOC when MA is added by 10
wt%. The smaller void reactivity at EOC relative
to that at BOC is ascribed to the decrease of MAs
from BOC to EOC.

4. Conclusions

Transmutation of MAs in the SFR has been
investigated for attaining low burnup reactivity
swing and reduction of LLRW. The results
show that the burnup reactivity swing of the
SFR core reduces to 1.94% Ak/kk’ and the void
reactivity remains at 4.7 $ when 10.0 wt% MAs
are loaded. The MA transmutation rate is about
52.2 kg/yr in the SFR, which is equivalent to the
MA production rate in 9 LWRs with the same
electrical power of 250 MWe. The low burnup
reactivity swing results in the minimization of
control rod operation and the reduction of the
number of required control rods.
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Tém tit

Trong bai bao nay, chiing t6i dé xuét mot phuong phap hiéu chinh mau séc cho mot hé théng gdm nhiéu camera. Viéc hiéu
chinh mau séc cho hé théng nhiéu camera duoc thuc hién bdi mot hé théng tuyén tinh qua dinh, trong d6 viéc dinh hinh
dai dong dugc két hop dé dam bao d6 twong phan cao ddi vai cac anh duoc chup. Cac camera dugc hiéu chinh véi cac
thong s6 thu duge bang cach giai quyét hé thong tuyén tinh qué dinh. D4i voi hé thong camera phang, chung toi sit dung
mot bang kiém tra mau dé ting d6 nhay mau ciia may anh. Dya vao tinh tong quat cua cong thirc hé thong tuyén tinh qua
dinh Kkét hop v6i bang kiém tra mau, phuong phéap dugc dé xuit dua trén két qua thuc nghiém cho théy tAt ca cAc camera
dat duoc sur théng nhat vé mau sic va co do tuong phan cao.

Tur khéa: Hiéu chinh mau sac, hé thong nhiéu camera, d dong nhat mau nhiéu mau anh, dai dong

Abstract

In this article, we propose a color correction method for a system consisting of multiple cameras. The color correction for
multi-cameras systems is set as an overdetermined linear system. The dynamic range shaping is combined to ensure high
contrast for the captured images. The cameras are calibrated with the parameters obtained by solving the linear system.
For flat camera systems we use a color checker to increase the color sensitivity of the camera. Given the generality of the
linear system formula in conjunction with the color checklist, the proposed method is based on empirical results showing
that all cameras achieve color consistency and high contrast.

Keywords: Color calibration, multi-cameras system, inter-camera color consistency, dynamic range

I. Gi6i thiéu

Céc k¥ thuat hién thi da khung hinh c6 nhiéu
g dung khac nhau trong d6 hoa méy tinh va thi
giac may tinh dugc chu y trong vai thap ky qua
[1, 2]. Mot sb tng dung nhu biéu dién va hién
thi canh 3D, hay 1a thiét ké giao dién nguoi dung
dé chup toan canh theo thoi gian thuc dugc thuc
hién boi mot may anh duy nhét tir nhiéu goc do

Email: nguyenanhnhat.hust@gmail.com

khac nhau [3, 4], diéu nay dam bao dugc tinh nhat
quan vé mau sic gilta cac hinh anh. Tuy nhién,
viée str dyng mot may anh duy nhat gap rat nhidu
nhirng han ché vé mit thu thap hinh anh tir nhiéu
vi tri khac nhau. Véi su tién bd cta cong nghé,
chung ta c6 thé tao ra cic cam bién hinh anh va
thu dwgc hinh anh chét luong va c6 do phan giai
cao. Pong thoi, chi phi va kich thudc ciia cam
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bién ciing giam. Diéu nay da dan dén mot sy quan
tdm nghién clru rong radi trong cac ky thuat thu
hinh anh hodc videos tir nhiéu may anh. Vi du,
thuce té 4o (Virtualized Reality) [5] va phong 3D
(3D Room) [6] 1a hai mang st dung nhiéu camera
c6 quy mo l6n cho mo hinh canh dong. Nghién
ctru vé mang phan bd truong anh sang cua dai
hoc MIT (MIT’s distributed light field array) [7]
bao gdm 64 may anh quay lai d6i twong dé hién
thi thoi gian thuc. Wilburn et al. [8] tai Pai hoc
Stanford cling xay dung mgt mang anh sang vai
100 camera cho phép ndi suy khung hinh, hiéu
sut hinh anh cao va chup anh khau do téng hop.
Li et al. [9] tai Pai hoc Tsinghua xay dung mot
hé théng mai vom dé chup hinh dang va chuyén
dong cta cac ddi tuong tiy v bang phuong phép
am thanh da phuong tién da bién va phuong phap
bién dang thé tich ma khong can su tro gitip cua
cac diém danh ddu. De Aguiar et al. [10] tai MPI
Informatik ciing xay dung mot hé thong 1y mau
clia tAm may anh thua thét dé chup lai hinh dang
va chuyén dong ctia vat thé 3D.

Hinh anh chat luong cao tir nhiéu may anh yéu
cau phai nhat quan vé mau sac ciia may anh. Tuy
nhién, trong cac hé thong nhiéu camera, may anh
thuong c6 cac phan tng mau khong nhat quan,
ngay ca khi chung & trong cing mot diéu kién
chiéu sang va sir dung céc cai dit phan cing
gidng nhau. Vedula et al. [11] chi ra gia thuyét
cho phép ndi suy khung hinh néu mau sic cta
anh khong pht hop. Su khong nhét quan nay chi
yéu 1a do sy thay doi khau do va cau tao, nhiéu
dién,... Do d6, hiéu chinh mau (hodc quang pho)
1a can thiét dé dam bao tinh nhit quan mau cua
may anh. Ngoai ra viéc thu lai hinh anh tinh va
dong duogc thuc hién ¢ nhiéu méay anh dit ¢ cac
goc do khac nhau va chyp cung mét canh. Vi
nhiéu 1y do khac nhau nén mau sic cta hinh anh
tir nhing may anh nay khong nhat quan. Diéu
nay tac dong ti€u cuc dén viéc st dung hinh anh
khi thu duoc. Pé ning cao trai nghiém hinh anh
do phuong tién truyén thong cung cap cho nguoi

dung dugc tdt hon va dam bao duoc chit luong
mau sic hinh anh cia ché do da khung hinh,
chung t6i dé xuat mot phuong phép hiéu chinh
mau sac cho hé thong nhiéu may anh. Hiéu chinh
mau cho hé thong nhiéu may anh duoc thiét 1ap
nhu mot hé thong tuyén tinh qua dinh, trong d6
mdi may anh s& cong tac véi may anh khac dé
hiéu chinh. O bai bao nay, chung t61 st dung
hé thong may anh dong phang két hop v6i bang
kiém tra mau dé tang tinh linh hoat va thuan tién
cho vi¢c thu hinh danh ctia cac may anh. Phuong
phap dugc dé xuit dugc danh gia trén két qua
thuc nghiém.

DPong gop ctia chiing t6i 13 dé xuat mot phuong
phap hiéu chinh mau sac cho hé théng nhiéu may
anh va duoc thuc hién thanh mot hé théng tuyén
tinh qua dinh két hop bo kiém tra mau dé ning
cao tinh linh hoat ctia may anh. Bang cach tich
hop phuong phap duge dé xuat va b kiém tra
mau, chung toi thiét 1ap mot khung hi¢u chinh
mau ty dong cho hé thdng nhiéu may anh va
khong yéu cau can thiép ciia con nguoi.

IL. Phuong phap hi¢u chinh mau sic

Trong phan nay, chiing t6i xdy dung bai toan
hiéu chinh mau sic cho nhiéu may anh nhu mét
hé thdng tuyén tinh qua dinh trudc cho mdi kénh
mau dé dat dugc do déng nhit mau cia may anh.
Heé thong tuyén tinh bao gom hai hé thong con:
mot 12 dam bao tinh dong nhat vé mau sic cua
nhiéu camera va mot 1a dé dat dinh hinh pham vi
dong cao cua cac hinh anh dugc chup. Giai phap
cho hé thdng tuyén tinh 1 tap hop cac tham sb
dugc dua vao may anh dé hiéu chinh mau.

A. Pong nhit mau séc cho tit ci cdc mdy anh

Gia st chung ta thu dugc M diém tuong tng
chung E = {e,, }1 <m<y clia tit ci cac may anh.
M3i diém tuong tmg chung e dugc biéu dién
duéi dang {(Vi,’ P)Zl)}lgngvl’ trong do y, dai
dién cho chi s0 may anh lién quan, P]Z? la vi
tri pixel cua e trong anh y, va N la s6 lugng
may anh lién két trong diém tuong tng e . Vai
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diém tuong tmg chung cho tt ca cac may anh,
van dé hiéu chinh mau sic dugc hinh thanh nhu
mot hé thong tuyén tinh qua dinh bang cach
nhim vao sy nhit quan vé mau sic cla tit ca cac
diém tuong ing chung nay va pham vi dong cao
cta hinh anh. Phan Gmg cam bién ciia mot may
anh c6 thé xap xi bang mo hinh tuyén tinh voi
do lgi cong hudng g va do léch bu cong b [5].
Muc tiéu ctia hiéu chinh mau sic cho nhiéu may
anh 13 tim ra cac thong s thich hop, tic 1a g,va
b,b,, ne {1, 2y s N} dé l1am cho céac
phan tng mau cia tit ca cac may anh phai phu
hop. Néu dap tmg mau sic cia may anh duoc
hiéu chinh Ia dé)ng nhét, gia tri mau cua diém
tuong ung chung e trong tat ca cac may anh lién
quan s& bang v&i gid tri trung binh ctia ching sau
khi hiéu chinh. Déi vi diém twong tmg chung e,
mdi trong may anh lién quan y, ta co:

Xyiern (90,7 + by,)
= N,

Trong do, Iy = {Vilign<y, 12 tap hop cac
chi s6 may anh lién quan va I, lam dai dién cho

Iylye + by, = (1)

gid tri mau tai vi tri pixel P,” trong hinh dnh may
anh lién két y. D€ tang cudng d6 manh cho tiéng
nhiéu, chiing t6i sir dung gi4 tri trung binh cua
mot ctra s nho ¢ gifra 1a Py thay vi mot gia tri
diém anh don 1¢. Phuong trinh (1) dugc viét lai
la:

1
(m - 1) (g}’kl;rllc + bYk)

I 1
+ z (Lgyi+N—byi>=0 (2)

Vi€lm Nm
Yi#FYk
Phuong trinh tuyén tinh (2) xay dung trén yéu
cau nhat quan vé mau sic cho may anh 7, trong
diém tuong Gng toan cau e . Tuong ty nhu vy
thi cac diém twong dong ciia may anh lién quan
khac ciing c6 phuong trinh tuyén tinh tuong tmg
gitta chung, tao thanh cac phuwong trinh tuyén tinh
dong thoi dugc dua ra trong phuong trinh (3),

trong d6 a,, = 1/N,, —1 va B,, := 1/N,,:

0 - amI}’,’f Ay ﬁm I Pm ﬁmlﬁ,m B -+ O
0 Bm i ﬁm am[;’;‘ A amI}Z‘Vm Bm -0
Bm i B Bm Vi B - ﬁm YNm Ay " 0/

( \ [

x|bz| 0

: 3)
HN 0
by

Phuong trinh (3) dugc biéu thi lai dudi dang
A, x = 0. Bé hop nhét tit ca cac phuong trinh
ctia diém tuong tmg chung M, ching ta dugc hé
thong tuyén tinh sau:

Aarat - al)™x=0 4)

Trong d6, sb phuong trinh (XX _; N,,,) s& 1én
hon dang ké so véi s6 luong cac an sb 2N, dbi véi
hé thong nhiéu may anh. Do d6, phuong trinh (4)
tro thanh hé thong tuyén tinh qua dinh.

B. Dinh hinh pham vi dong

Mic du hé théng tuyén tinh (4) cling dd dam
bao duoc rang sy nhat quan vé mau sic cua tt ca
cac may anh st dung trong hé thong. Dé dam bao
thém vé pham vi dong ctia mau sic thich hop cho
cac hinh anh duogc chup, mot quy trinh tao pham
vi déng cua mau sic dugc két hop vao hé théng
tuyén tinh.

Thong thuong, trén bo kiém tra mau c6 chira
mau tring va den, va cac thang mau xam thay
d6i dan dan. N6 co nghia 1a cac diém tuong Gng
chung dugc phat hién chtra cac mirc den va murc
trang. Dé dam bao pham vi dong cao, mau sic clia
diém twong tmg chung trong anh duogc lién két
phai c6 mau cua cap d6 mau den hodc mau tring.
Cu thé, gi4 tri trung binh ciia cac gia tri mau cia
mdi diém twong Gmg chung trong tat ca cac anh
cua may anh lién quan dugc tinh toan trudc khi
hiéu chinh. Sau do, cac gid tri trung binh cho tat
ca cac diém tuong tmg chung duoc sip xép theo
thir tw ting dan. Cubi cing, ta s& chon ty 1é phan
tram dAu tién va cudi cing cia diém twong ung
chung di duoc sip xép trude d6 vao mirc den va
muc tring. Nhu vy thi cic kénh mau tir diém
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twong (g dugc chon do s€ duoc dat vao /, val .
Giasu, A, va A la cac myc dugc 14p tur cac di€ém
tuong trng chung chon lam cap d¢ den va cap do
trang. Néu mot diém twong ting chung e, e A,
dugc chon lam cap do den, thi tat cd cdc may anh
lién két trong e, dugc chon s€ Xuét ra [, cho vi tri
pixel twong ung sau khi hi¢u chinh. M6 ta dugc
rang budc bang cong thirc dudi day:

/0 I 1 0 0 00 - 0
91
by L,
92 :

X b2 = lb
In lb (5)
by

Biéu thi cho phwong trinh (5) 1a C3x = 1,
trong d6 /, 1a N, x 1 vector, tat ca cac phan tur
déu 1a .. Gop tat ca cac phuong trinh cho cac
diém tuong ung chung da chon, ching ta duoc
phuong trinh mo ta cho mirc den (6a). Tuong tu
cho phuong trinh mé ta mirc trang (6b).

(C1T e cr "'Clc\bl)Tx =1,
(C1T e cr ...le\wl)Tx =1,

(6a)
(6b)

Trong do, |A, | va |A,, | 1a s6 phan tir trong A,
va A tuong ing. H¢ phuong trinh tuyén tinh (6)
khuyén khich cac gia tri mau cta mot so diém
anh c6 lién quan 1a mau cta mirc den hodc mirc
tring. Diéu nay dam bao pham vi hoat dong thich
hop cua may anh, do d6 dugc goi 1a dinh hinh
dai dong. Phuong trinh biéu thi (4) 1a Ax = 0 va
(6) 1a Cx = 1. Két hop cac yéu cau vé nhit quan
mau sic va dinh hinh pham vi dong ta c6 duoc hé
thong tuyén tinh sau:

(0= () 7

Phuong trinh (7), ®> 0 dugc st dung dé diéu
chinh tim quan trong cua viéc dinh hinh dai

dong. Mot mat, viéc dinh hinh dai dong dam bao
do tuong phan cao va pham vi dong cao ctia hinh
anh dugc chinh stra, mat khac, ttr quan diém cua
dai s6 tuyén tinh, dinh hinh dai dong ciing ap
dat cac rang budc can thiét trén phuong trinh h¢
thong thong nhat (4). Cong thirc hé thdng tuyén
tinh 4p dung cho ba kénh mau tuong tmg. H¢
thdng tuyén tinh duoc xac dinh trude (7) co thé
dugc giai quyét bang phuong phap binh phuong
t61 thiéu (least square) [12].
II1. X4y dwng va trién khai thuit toan

Théng qua phuong phap hiéu chinh mau séc
duoc dé xuat, chiing toi thiét 1ap khung chinh sira
mau ty dong. Hinh 1 minh hoa quy trinh lam viéc
ctia khung chinh sira mau cta chung t6i. Dau tién,
mot hé théng nhiéu camera chup mot hinh anh tir
nhiéu gdc cua mot tdp hop cac muc ti€u. Thi hai,
thiét 1ap mot diém twong tng chung tir hinh anh
ctia muc tiéu. Thir ba, mot hé thong tuyén tinh
dugc qua dinh duoc xay dung va giai quyét dé c6
dugc mot tap hop cac thong sé may anh duoc sir
dung dé chinh mau. Toan bd qua trinh duoc lap
lai cho dén khi hinh anh tir may anh nhét quén vé
mau sic.

Chup hinh Tim diém | _| Thuat toan Thiét lap
duoc chon tuong (mg chinh sira may anh

> > - T
?
Hinh 1. So dd mé ta cong viée thuc hién

A. Chup hinh

Ching t6i st dung ban kiém tra mau
GretagMacbeth ColorChecker [13] 1a mdt muc
tiéu hiéu chinh mau bao gém cac tong mau duoc
sép Xép vao 24 6 vuong (Hinh 2). Cac tong mau

nay cé cac phan xa quang phdé nhim mé phong
nhing vat thé tu nhién nhu da nguoi, hoa, 14... ¢6
mau sic phtt hop voi nhiéu diéu kién anh sang,
dic biét 1a khi phat hién bang phim anh mau, va
c6 tinh On dinh theo thoi gian duoc sir dung rong
rdi dé lam muc tiéu chup hinh cho may anh don
va hé thong nhiéu may anh dong phang.
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Hinh 2. GretagMacbeth ColorChecker

B. Diém twong trng chung

Trong cac hé théng phang, ban kiém tra mau
tiéu chuan hién thi cho tit ca cac camera va cac
diém tuong tmg chung co6 thé duoc thiét 1ap theo
phuong phap cua Joshi véi su trg gitp cia muc
tiéu hiéu chinh hinh hoc [14, 15]. Nhung ¢ day
chung t6i sir dung mot sb phuong phéap khac dé
tim duoc diém tuong Gng chung.

Scale - invariant feature transform (SIFT) [16]
1a mot thuat toan dé phat hién va mo6 ta cac dac
trung cuc bd trong hinh anh. Céac dac trung SIFT
13 bat bién voi quy mé hinh anh va céc thay doi
khéc cta hinh anh, thay dbi ctia 4nh sang, nhiéu, va
diém quan sat. Do d6, chiing t6i st dung SIFT lam
b6 do tim tinh ning ban dau. Tuy nhién phuong
phép SIFT co thé xac dinh mot sb vi tri diém dac
trung sai dan dén khi d6i chiéu hai hinh anh c6
thé diém dic trung nay khong tring khép. Do do,
chiing toi sir dung két hop thém thut toan BestBin
- First (BBF) [17] dé phat hién va két hop cac diém
dac trung cho mdi cap hinh anh sao cho vi tri cua
chiing tring khép. Sau khi ¢6 dugce diém dic trung
v6i cac vi tri trung khép giita moi cip hinh dnh
ta lai xac dinh chon diém dic trung nao co ty 1¢
tuong quan cao va loai bo diém nao c6 ty 1¢ tuong
quan thap. O day, chiing t6i str dung phuong phap
xac dinh Zeromean Normalized Cross Correlation
(ZNCC) [18]. Cudi cung sau khi hoan thanh xong
budc ndy, ta c6 duge diém dic trung tot nhat va tro
thanh diém tuong Gng chung.

C. Thudt todn chinh siva mau sic

M0 ta qua trinh thyc hién thuat toan:

Buére 1: Tim diém twong ing chung

For mdi may anh to

Trich xuét cac diém dic trung bang phuong
phép SIFT

X6a cac diém dic trung khong hop 18

Bit thanh cap cac diém dic trung vdi cac
may anh lién ké bang phuong phap BBF

X6a nhitng diém dic trung nao co ty 18
ZNCC thap
Endfor

N&i cac diém dic trung thanh ting cip va
trd thanh diém tuong ung chung.

Bwéc 2: Tim cac thong s6 hiéu chinh mau séic
bang cach giai quyét mot hé thong tuyén tinh qua
dinh.

For s6 1an thuc hién do

For mdi kénh mau do

Tinh trung binh ctia cac gia tri mau ciia moi
diém tuong Gng chung trong tat ca cac may
anh ket hop.

Séap xép céc gia trj trung binh nay theo thir
tu tang dan.

Chon t phan tram dau tién va cudi ciing ciia
gia tri mau da dugc sap xép dé dinh hinh pham
vi dong.

Xay dung hé théng tuyén tinh qua dinh va
giai quyét né bang phuong phap binh phuong
toi thicu.

Cai dat thong sd da giai quyét cho tat ca
cac may anh

Endfor

Chup lai bo anh mé&i
Endfor
D. Céu hinh mdy dnh
Véi cac diém tuong tng chung c6 dugc, mot

hé thong tuyén tinh qua dinh dugc xay dung
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cho ba kénh mau. Va giai quyét hé phuong
trinh tuyén tinh d6 ta thu dwgc cac tham sb
do loi {gR » g@ o gB} va tham s6 bu cong
{bR » b% > b } cho twong ing ca ba kénh mau.
D¢ hi¢u chinh mau sac phu hop cho tat ca cac
may anh, ta thuc hién cdu hinh cic may anh voi
céc tham sd thu dugc & trén.

IV. Két qua va danh gia
A. Moi truwong thuc hién

Vé phan cung: chiing t6i thiét ké mot long
hinh ciu, tai mdi dudng giao nhau cua kinh
tuyén va vi tuyén chung t6i gin dén led cong
sut cao duoc diéu khién bang phan mém, nham
muc dich tao ra anh sang phu hop cho viéc thuc
nghiém. Str dung mot hé thong gém 5 camera
CCD cong nghiép dugce diéu khién boi 5 may
tinh thong qua IP. Cac camera nay dugc dat
trén cing mot mit phang, khoang cach giira cac
camera bang nhau. Cudi cing dan ban kiém tra
mau GretagMacbeth ColorChecker trén mot

tam ctng nhu Hinh 3.

Hinh 3. Hé thong phan cimg thyc nghiém

Vé phan mém: chung t6i sir dung mot sé phan
mém lién quan nhu: phan mém diéu khién led chiéu
sang, phan mém diéu khién camera CCD cong
nghiép, va Matlab 2016b dé thiét ké thuat toan.

B. Két qud thue nghiém

Chon may anh thi nhat lam may anh tham
khao, va thuc hién chup déng thoi 5 may anh.
Hinh anh dugc chup tir 5 mdy anh nhu Hinh 4.

(b) hinh anh may anh 2, 3, 4, 5

Hinh 4. Hinh anh gbc cua cac camera

Tt cac hinh anh géc duoc chup trén ta co thé
thiy phan (mg mau cta 5 may anh khong giéng
nhau. Cu thé vé sy khac biét dang ké vé do sang
va d6 twong phan. Va dé hé thong 5 may anh nay
tao ra mQt phan trng vé mau sic va do tuong phan
nhat quan ta thyc hién phuong phap di dé xuét
O trén.

Hinh 5. Két qua trich xuit diém tuong mg chung
Hinh 5 13 két qua cta qua trinh thyc hién budc
mot ctia phuong phap dé xuét, ta co thé thdy cac
diém tuong umg chung da dugc ndi timg cap tir
may anh tham khdo 1 va hinh anh géc may anh
3. Cudi cung, khi ta di c6 diém twong ing chung
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nay ta thuc hién budc hai ctia phuong phap va két
qua duoc thé hién & Hinh 6. Két qua cho ta thay,
hinh anh dong nhit vé& mau sic va do twong phan
so voi hinh anh trudce khi hiéu chinh.

Hinh 6. Hinh anh da duoc hiéu chinh

C. Danh gia

»  Dua trén két qua Hinh 6 chiing t6i thuc hi¢n tao
mot ban d6 nhiét (Heat map) cho 3 kénh mau
RGB nhu Hinh 7 dé c6 thé thay duogc su thay
d6i 16 rét qua qua trinh hiéu chinh mau sic.

(a)

(b)

(c)

(d)
Hinh 7. Ban dd nhiét cho 3 kénh mau RGB sau khi hi¢u
chinh. (a) may anh 2, (b) may anh 3, (c) may anh 4,
(d) may anh 5

Panh gia chat luong hiéu chinh mau sic khi
sir dung thém ban kiém tra mau. Chii y dén ban
kiém ta thay mdi tong mau dai dién cho mot tong
bu ddp mau tai vi tri ciia n6 trong khong gian
mau RGB dugc xac dinh boi gia tri mau khi hiéu
chinh. Nhu vay, mau trong hinh anh s€ dugc két
nbi dén mot tong mau bu dip.

Trén su phan tich dinh luong ctia ban do nhiét
khong gian mau trang dai dién cho gia tri trung
binh trong khong gian mau RGB, cac gia tri mau
trong hinh anh camera gan hon véi gia tri trung
binh. Piéu nay khang dinh rang phwong phap
hi€u chinh mau cong tac cua ching to6i c6 kha
ning manh mé trong viéc dam bao tinh nhat quan
mau sic giita cac may anh va dai dong cao.

* Dua trén do loi cong hudng g{r,g,b} va do
léch bu cong b{r, g, b}. Sau khi giai quyét
hé théng tuyén tinh qua dinh ta dugc g{0.61,
0.49, 0.37} va b{93.6, 75.8, 58.4} can cai dit
cho tit ca camera. Chung toi thuc hién qua
trinh thuc nghiém sau 5 lan lap.

Bang 1. Biéu thj gi4 tri mau cua hinh anh chwa hiéu chinh va hinh anh dé hiéu chinh

o Camera 1 Camera 2 Camera 3
Kénh | Gia tri mau — = — - — —
mau chuan Tru'qc hiéu Sau‘hlcju Tmog hiéu Sau’hleu Tru'or(; hiéu Sau vhlf}u
chinh chinh chinh chinh chinh chinh
R {176,12,12} | {198.1, 98,9 8} 12{1171%} {160,79.2,79.2} | {176,12,12} | {124,65,65} | {176,12,12}
G {12,176,12} | {98,198.1,98} | {12.1,176,12} | {79.2,160,79.2} | {12,176,12} | {65,124,65} | {12,176,12}
B {12,12,176} | {98,98, 198.1} | {12,12,176} | {79.2,79.2,160} | {12,12,176} | {65,65,124} | {12,12,176}
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Bang 1, ta nhan thiy mau sic hinh anh cia
3 camera 1, 2, 3 c6 gia tri kénh mau RGB khéc
nhau, khong dong nhét vé mau sic. Sau qua trinh
thuc hién hiéu chinh dya trén phuwong phap dé
XUt ta théy, cac kénh mau cua cac camera hoi tu
vé gia tri mau chudn cua 3 kénh RGB. DPiéu nay
khang dinh thém rang phuong phap dé xuat ciia
ching t6i c6 tac dong manh mé vé& hiéu chinh
d6ng nhat vé mau sic cta nhiéu camera.

V. Két lugn

Trong bai bao nay, ching toi trinh bay mot
phuong phéap hiéu chinh mau sic cho hé thong
nhiéu may anh. Van dé chinh sira mau sic duoc
thyc hién bang cach giai quyét hé thong tuyén
tinh qué dinh va trong d6 két hop thém viéc dinh
hinh dai dong dé dam bao thém vé pham vi dong
cia mau sic thich hop cho cac hinh anh dugc
chup. Chung t61 thyc hién chup hinh str dung ban
kiém tra mau va thuc hién trich xuat céc diém
tuong tmg chung dé giai quyét bai toan. Phuong
phép dugc thuc hién trén h¢ théng may anh thuc
va hoi tu nhanh chong trong nhiéu lan lp. Két
qua 13 hinh anh ddng nhit vé mau sic giita cac
may anh ma con dam bao d¢ twong phan cao.
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Tém tit

Duya trén k¥ thuat quang dan hdi va ky thuat chup anh phén giai thoi gian, chung t6i da phat trién k¥ thuat chup anh quang
dan hdi phén giai thoi gian cho phép quan sat cac song ng suét lan truyén trong moi truong chit rén véi do phan giai thoi
gian 1én dén nano gidy. Ky thuat nay dugc chung toi ap dung dé nghién ctru qué trinh shock xay ra khi hoi ty mot xung
laser don 1én mot bé mit réin dugce ngdm trong nude. Trong bai béo nay, ching ti gi6i thiéu nguyén 1y va hé thdng chup
anh quang dan hdi phéan giai thoi gian, dong thoi mé ta hidu qua cta ky thuat nay khi timg dung trong nghién ciru dong hoc
qué trinh shock gy nén bai tia laser trong moi trudng chit long.

Tir khéa: Quang dan hoi, chup anh phan giai thoi gian, hién twong shock gy nén boi tia laser

Abstract

Based on photoelasticity technique and time-resolved photography, we have developed a custom -designed time-
resolved photoelasticity imaging technique that allows the observation of stress wave propagating in a solid target
with the time resolution of nanoseconds. This technique has been used to study the shock process induced when
focusing a single laser pulse on a rigid target immersed in water. In this paper, we briefly describe the principle of the
technique, the imaging system and the advantages of this technique in studying laser-induced shock process in the
liquid-confining regime.

Keywords: Photoelasticity, time-resolved imaging, laser-induced shock process
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1. Mé dau

Khi ching ta hoi tu mot xung laser 1én mat
bé mit chat rin, 16p chét ran bi pha hity va sinh
ra mot 16p plasma ap suat cao. Trong qua trinh
gian no, 16p plasma nay gay nén song shock lan
truyén trong moi truong khong khi va cc song
(g sudt lan truyén vao bén trong chét rin [1, 2].
Khi bé mat vat thé duoc dat trong moi truong
chat 1ong, vi du nhu nudc, 16p chat 1ong han
ché sy gidn né cua plasma, gitp gia ting ap suét
1én dén nhiéu GPa. Ap suit nay c6 thé giy nén
nhimg su thay d6i vé ciu trac vat liéu sau bén
trong bé mat chat ran [3 - 5]. Qua trinh shock gy
nén boi tia laser trong moi truong chat 1ong dugc
g dung rong rai trong cac ky thuat xur 1i bé mait,
k¥ thuat cham khac bang tia laser, dong thoi ciing
duogc Gmg dung trong tong hop cac phan tir nano,
trong y sinh va phau thuat [6 - 8]. Hién tuong
shock gdy nén boi tia laser trong moi truong chét
1ong gan lién voi nhiéu qua trinh dong hoc phirc
tap, bao gdbm qua trinh pha huy bé mit vat liéu,
qua trinh danh thing dién moi, qua trinh hinh
thanh va gian nd 16p plasma va qué trinh gidi
han su gian nd cua plasma dudi tac dung cua 16p
chat 1ong. Miac du thu hat nhidu sy quan tim va
dugc nghién clru rong rai trong magt vai thap ki
gan day, nhitng hiéu biét vé cac qua trinh dong
hoc xay ra trong hién tuong shock gy nén boi
tia laser va anh hudng cua céc qua trinh do6 lén
cudng do cac song Gng suat van con chua day du.

Mot trong nhiing khé khan chinh trong viéce
nghién cuu hién tugng shock gay nén boi tia
laser trong moi trudng chat 1ong 1a su han ché
cua cac phuong phap quan sat va do luong thuc
nghi¢m. Hién tugng shock gdy nén boi tia laser
bao gém nhiéu qua trinh dong hoc phirc tap xay
ra trong thoi gian rat ngan, vi vay viéc quan sat
va do luong dinh lugng gip nhiéu kho khan. Cac
phuong phap thuc nghiém dé phan tich qué trinh
shock gdy nén bai tia laser ¢ thé dugc phan
thanh hai nhom chinh: cac phuong phap do luong
ap suat va cac phuong phap quang hoc.

Nhirng nd luc dau tién trong viéc do ung suat
sinh ra trong qua trinh shock gay nén bdi tia laser
duoc thuc hién bfmg cach su dung thiét bi do ap
suat dya trén hiéu ung ap dién [1, 9]. Khé khin
chinh khi st dung céac thiét bi loai nay la ching
rat nhay vé6i cac tin hiéu khong mong mubn gay
ra do hién tuong khong twong hop tré khang khi
song (g sudt lan truyén qua bé mit tiép xuc giita
thiét bi do luong va bé mit nghién ciru. Ngoai
ra, viéc xay dung thang do va loai bo nhiéu ciing
gip nhiéu khé khan [10]. Mot cach tiép can khac
dé do ludng ap luc gay ra trong hién tuong shock
gy nén boi tia laser 1a st dung céc thiét bi do
luong ap luc khong tiép xuc. Nguyén 1y cua
phuong phap nay 14 tinh toan ap lyc bang cach do
vén toc caa mot 14 nhom mong dugc gia tde boi
ap suét shock gy nén bai tia laser [3, 4]. Phuong
phap nay dugc phat trién tir dau nhitng nam 1970
va dugc 4p dung kha rong rai. Diém han ché cia
phuong phép nay la n6 khong nhay véi cac song
shock van tdc thap. Ngoai ra, han ché chung cia
cac phuong phap do luong 4p sudt néu trén 1a
chung chi cho phép do ap luc va song tng suat
lan truyén trong moi truong chat ran ma khong
cho phép quan sat cac hién tugng xdy ra trong
moi trudng chat 16ng, von chira dung cac thong
tin quan trong dé xac dinh cac dic diém cta qua
trinh shock gy nén bdi tia laser.

C6 rat nhiéu phuong phap quang hoc da duoc
sir dung dé nghién ciru hién twong shock gay nén
boi tia laser, bao gdm k¥ thuat chup anh bong
den (shadowgraph photography), k¥ thuat do do
léch chum tia (beam deflection), k¥ thuat chup
anh toan ky (holography), k¥ thuat do giao thoa
(interferometry), v.v. [6, 9, 11, 12]. Uu diém
16n nhat cua cac phuong phap quang hoc 1a cho
phép nghién ctru cac song shock mot cach truc
quan va truc tiép ma khong can phai thong qua
bién do6i thanh cac tin hiéu dién tir, do vy c6 thé
loai b6 cac hién twong nhidu von rat phd bién
khi str dung cac thiét bj do luong dién tir. Ngoai
ra phuong phap quang hoc cho phép nghién cuu
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song shock tai mat diém xéac dinh trong toan bo
khoang thoi gian xdy ra hién tugng, hodc cho
phép nghién ctru trén toan bo hién tugng tai mot
thoi diém xac dinh. Cac phuong phap quang hoc
da cung cap mot lwong 16n thong tin dinh tinh va
ca dinh luong vé hién tuong shock gay nén badi
tia laser. Tuy nhién, han ché ciia cac phuong phap
quang hoc truyén théng nay 1a ching chi quan
sat dugc mot ntra hién tugng, turc 1a chi quan sat
dugc cac song shock lan truyén trong méi truong
khi hodc chit Iong ma khong cung cap cac thong
tin vé& song ung sudt lan truyén trong moi trudng
chit rin. Viéc danh gia ap luc sinh ra do hi¢n
tuong shock, do vay, phai dugc tinh toan gian
tiép thong qua van tdc cua song shock, sy phat
trién cta plasma, hodc 4p dung kém thém céc
thiét bi do luong ap suat.

V61 muc dich tao nén mot phuong phap hi¢u
qua trong tmg dung nghién ctru hi¢n tugng shock
gy nén boi tia laser trong méi trudng chat long,
chung t6i da phat trién mot ky thuat quang hoc
moi, két hop k¥ thuat quang dan hoi va phuong
phap chup anh phan giai thoi gian. Chung to1 goi
k¥ thuat nay 1a k¥ thuat chup anh quang dan hoi
phan giai thoi gian. Diém dic biét cua ky thuat
nay 1a n6 cho phép chung toi quan sat déng thoi
cac song shock lan truyén trong méi trudng chat
long va cac song ung suét lan truyén trong moi
truong chat ran v6i do phan giai thoi gian 1én dén
nano gidy. K¥ thuat chup anh quang dan hoi phan
giai thoi gian khac phuc duoc nhuge diém cta
cac phuong phap quang hoc truyén théng 1a chi
quan sat dugc mdt nira hi¢n tugng. Ngoai ra no
cho phép danh gia ban dinh lugng cudong d6 cua
cac song ung sudt lan truyén trong moi truong
chét ran mot cach truc tiép thong qua anh chup.

Trong bai bao nay, chung t6i gidi thi€u nguyén
1y va hé thong chup anh quang dan hoi phan giai
thoi gian, dong thoi mo ta hidu qua cua ki thuat
nay khi irng dung trong nghién ctru cac qua trinh
dong hoc xdy ra trong hién tuong shock gay nén
boi tia laser.

2. Tong quan vé k¥ thuit quang dan hoi

K§ thuat quang dan hoi 1a mot phuong phap
thuc nghiém st dung vat liéu quang dan hoi dé
xac dinh sy phan bd tmg suét trong long vat ran.
Vit lidu quang dan hoi 1a vat liéu thé hién tinh
ludng chiét dudi tac dong cua g suat co hoc.
Tinh ludng chiét 1a hién twong tia sang bi chia
tach thanh hai tia c6 véan toc truyén khac nhau
khi truyén qua cac méi truong di hudng. Mot sb
vat li¢u la di huéng ty nhién, vi du nhu tinh thé
calcite hoac boron nitride. Tuy nhién dudi tac
dung cua ung suit co hoc, mot s6 vat lidu déng
hudng s€ tré nén di hudng va thé hién cac dic
tinh gidng nhu tinh thé. Hién tuong nay goi l1a
tinh ludng chiét nhan tao va dugc quan sat lan
dau boi David Brewster vao nam 1816 [13].

Khi mot tia sang phan cuc di qua vat li¢u
quang dan hoi, tia sang s& bi chia tach thanh céac
thanh phan lan truyén theo cic huéng ung suét
chinh, mdi thanh phﬁn cua tia sang s€ chiu mot
chiét suat khac nhau. Diéu nay din dén tré pha
tuong ddi gilta cac song anh sang thanh phan.
Do tré pha nay phu thudc vao trang thai tng suét
ctia vat thé. Do tré pha gitra céc tia sang thanh
phan co thé dugce quan sat thong qua mot thiét
bi nghi¢m phan cyc. Thiét bi nghi¢m phan cuc
don gian nhat 1a thiét bi nghiém phan cyuc phang
(plane polariscope). Thiét bi nay bao gdm mot
ngudn sang va hai kinh phan cuc. Vat thé can
phan tich s€ dugc dat gitra hai kinh phan cyec.
Dau tién, tia sing phat ra tir ngudn sang dugc
truyén qua kinh phan cuc thtr nhét (polarlizer)
dé duoc bién doi thanh tia sang phan cyc phang.
Tia sang phan cyc phang nay khi truyén dén mot
diém trén vat thé s& bi chia tach thanh céc thanh
phan lan truyén theo cic phuong Gmg suét chinh
tai cac diém d6. Anh sang sau d6 duoc truyén
qua kinh phén cuc tht hai (analyser) dé dua tat ca
cac thanh phan anh sang vé cling mot mit phang
va tao nén hién tugng giao thoa anh sang co thé
quan sat duoc trén mot mit phang chiéu. Cac van
giao thoa, mot cach gian tiép, cho chung ta hinh
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anh vé su phan bd g suét trong 1ong vat thé
(Hinh 1).
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Hinh 1. So dd thiét bi nghiém phan cyc phing ding

quan sat van quang dan hoi

Khi str dung mot thiét bi nghiém phan cyc
phing, chung ta s& nhan duoc cung luc hai hé
van: cac duong dang khuynh (isoclinic) va cac
duong ding sic (isochromatic). Cac duong ding
khuynh xuat hién khi phuong ctia ing sut tring
v&iphuong phan cuc cua anh sang. Do vay, duong
dang khuynh cho ta biét thong tin vé phuong tmg
suit chinh cua vat thé. Cac duong dang sic la
tap hop cia cic diém co cing hiéu sd giita hai
mg suat chinh. N6i mot cach khac, cac dudng
dang sic ndi lién cac diém c6 cung Gng suat cat
16n nhat. Khi str dung anh sang tring lam ngudn
sang trong thiét bi nghiém phan cuc, cac dudng
dang khuynh c6 mau den va cac dudng dang sic
¢6 mau sic khac nhau tuy thudc vao bac ctia van
giao thoa. Khi 4nh sang don sic duoc ding lam
ngudn sang, ca hai hé van déu c6 mau den va co
thé gay 1am 13n. Thong thudng, cac thong tin vé
g sut dugc thé hién qua cac dudng dang sac,
va cac duong dang khuynh 13 thanh phan khong
mong mudn [13, 14].

Pé loai bo cac duong dang khuynh, ngudi
ta thém vao hai ban phan tu song (quarter wave
plate): ban phan tu song thir nhat dé tao nén tia
sang phan cuc tron trude khi truyén qua vat thé
va ban phan tu song thir hai dé chuyén tia sang
phan cuc tron tr¢ lai thanh tia sang phan cuc
phang. Dic tinh cua cac dudng dang khuynh la
phu thudc vao hudéng phan cuc ctua anh sang, do
véy, bang cach st dung anh sang phan cuc tron,
diéu kién dé tao nén duong dang khuynh bj loai

trir, va khi d6 trén mat phing chiéu ta chi thu
dugc cac duong dang sic chira thong tin vé gia
tri ing suét ctia vat the.

Phu thudc vao cach sép dat céac kinh phan cuc

va ban phan tu song, chung ta c6 thé thu duoc
hinh anh quang dan hoi tdi hoic hinh anh quang
dan hoi sang. Néu ca hai cip kinh phan cyc va
ban phan tu song déu cing duoc dit song song
hodc vudng goc, chiing ta nhan dugc hinh anh
quang dan hoi 13 cac van sang trén nén den (dark
- field photoelasticity). Néu hai kinh phan cuc
dugc dat song song con hai ban phan tu séng
dugc dat vudng goéc hay ngugce lai, chiing ta thu
duoc hinh anh cac van den trén nén tring (bright
- filed photoelasticity).
3. Ky thuit chup anh quang dan hdi phén
gidi thoi gian ing dung trong nghién ciru qua
trinh pha hiiy bing tia laser trong méi trudong
chit I6ng

K¥ thuat quang dan hoi truyén thong duoc su
dung dé phan tich cic trang thai img suét tinh
ctia vat thé. V&i muc dich tng dung k¥ thuat nay
trong viéc nghién ciru song (mg sudt sinh ra trong
qua trinh shock gy nén boi tia laser, chiing t6i
da phat trién k¥ thuat chup anh quang dan hoi
phén giai thoi gian. Trong ky thuat chup anh nay,
chung t6i st dung mot thiét bi nghiém phan cuc
tron cung véi mot hé théng chup anh phan giai
thoi gian dé quan sat cac song tng suét lan truyén
trong moi trudng chét ran véi do phan giai thoi
gian 1én dén nano giay.

3.1. H¢ théng chup dnh quang dan hoi phin
gidi thoi gian

Chung toi tao nén qua trinh shock bang cach
hoi tu mot xung laser don 1én bé mat mau. Chung
tol su dung thiét bi Q-switched Nd:YAG laser
dé phat cac xung laser budc song 1064 nm, do
dai xung 13 ns. Ning lugng ctia mdi xung duoc
diéu chinh bang mot bd giam ning luong dwa
trén nguyén ly phan tach chum tia phan cuc. Mau
nghién ciru 13 cac khdi epoxy - resin kich thudc
25 x 5.8 x 20 mm3, ¢6 bé mit duoc son den dé
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tang cuong kha nang hip thy tia sang [15]. Vat
mau dugc dit trong mot hop béng kinh dung
nude cit sao cho bé mit miu chim dudi muc
nude khoang Smm.

Pump pulse
(1064 nm)

(532 nm)

Probe pulse J‘L
& @ |

Camera

Hinh 2. H¢ théng chup anh quang dan hoi phén giai thoi
gian. (P: kinh phan cuc (Polarizer), Q: ban phan tu séng
(Quarter wave plate), A: kinh phén cuc (Analyser), ND:
kinh loc sac xam (Neutral Density Filter), BP: bg loc
thong giai (Band pass filter)

Pé quan sat hinh anh quang dan hoi, cac phan
tr quang hoc bao gdm hai kinh phan cuc va hai
ban phan tu song dugc sép xép tao thanh mot thiét
bi nghiém phan cuc tron. Mot nguén laser thir hai
cung cap xung laser budc song 532 nm dé chiéu
sang cho camera. P9 sang cua ngudn duoc diéu
chinh théng qua cac kinh loc sic xam (neutral -
density filter). Mot bd loc thong giai (band pass
filter) duoc dit ngay trudc camera dé loai bo cac
tia sang nhifu xuit phat tir 16p plasma. Dé ghi
lai hinh anh quang dan héi, ching t6i st dung
mdt camera ICCD (intensified charged - coupled
device). Mdi khung hinh c6 d6 phoi sang 1a 6
ns, twong Ung v6i do rong xung laser chiéu sang
(Hinh 2).

Chung t61 st dung k¥ thuat phan giai thoi gian
dé ghi lai hinh anh cta cac song sinh ra trong qua
trinh shock gdy nén boi tia laser. Sau khi xung
laser tao shock (pump pulse) dugc phat ra, xung
chiéu sang (probe pulse) s& duoc phat vi mot
d6 tré thoi gian nhat dinh so véi xung pump va
camera dugc dung dé ghi lai hinh anh cta céac
song shock va song tmg suat tai thoi diém xung
chiéu sang duogc truyén t6i vat mau. Bang cach
thay d6i do tré thoi gian gitra hai xung pump
va probe, chung t6i tai hién lai dugc hinh anh
lan truyén cua cic song shock va ting sut trong

khoang thoi gian 1én dén mili gidy voi d6 phan
giai thoi gian dat dén nano giay.

Doi v6i khoang thoi gian quan sat tir 0 dén
60 ns, chung t6i st dung mot ngudn laser duy
nhat dé phat xung tao shock (pump pulse) va
xung chiéu sang (probe pulse). Do tré thoi gian
giita hai xung duoc diéu chinh bang cach truyén
xung chiéu sang qua mot hé théng quang hoc dé
kéo dai quang 16. P6i voi khoang thoi gian quan
sat tir 16n hon 100 ns dén mot vai milli giay,
chtng t6i st dung hai thiét bi laser, mot dé phat
xung tao shock va mot dé phat xung chiéu sang.
Do tré gita hai xung dugc diéu chinh bang b
tao tré va dugc giam sat béng mdt thiét bi dao
dong nghiém voi dau diét quang dién duogc dat
tai vat mau.

3.2. Ung dung trong nghién ciru qud trinh
shock gdy nén bai tia laser

Hinh 3 trinh bay hinh anh dién hinh cta hién
tuong shock gy nén boi tia laser chup bang ky
thuat chup anh quang dan hoi phan giai thoi gian.
Hinh anh nay duoc chup véi do tré thoi gian
tir 0 dén 2000 ns, tic 1a tir khi xung gy shock
duoc hoi tu 1én bé mat mau dén 2000 ns sau khi
hién tuong shock xay ra. Thi nghiém duogc thuc
hién véi nang luong xung ¢ muc 60 mJ. BPuong
thang ndm ngang mau den 14 hinh anh ctia bé mit
mau. Chum tia laser duogc hdi tu tai chinh giita
bé mat nay. Trong cac hinh anh quang dan hoi,
chung ta c6 thé quan sat thiy ba nhom chinh:
nhom cac song shock lan truyén vao chét long,
bong khi sinh ra trén bé mit mau va nhém cac
song co hoc lan truyén vao bén trong vat mau.
Soéng lan truyén nhanh nhit vao trong vat miu
1a song doc (P-wave) lan truyén véi tbc do bang
v6i van toc truyén am trong vt liéu. Bén trong
song ndy, ta quan sat thay cac van trang - den rd
nét. Pay chinh 13 cic van quang dan hdi tai hién
lai trang thai ing sudt trong long vat thé tai ting
thoi diém. Mat do cac van quang dan hoi thé hién
mdt cach dinh tinh cudng do cua ng suét trong
1ong vat thé.
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Hinh 3. Hinh 4nh quang dan hoi cua hién tuong shock gy
nén boi xung laser 60 mJ, quan sat tai cac thoi diém khac
nhau trong khoang thoi gian tir 0 dén 2000 ns

5ml

Hinh 4. Hinh anh quang dan hdi ciia hién twong shock gay
nén bdi xung laser 5 mJ va xung laser 100 mJ, quan sat tai
thoi diém 1500 ns

Hinh 4 so sanh hinh anh quang dan hoi chup
tai cung mét do tré thoi gian 1a 1500 ns, nhung
ning lugng xung thay doi tir 5 mJ 1én dén 100
mJ. Ta thiy mat d6 cac van quang dan hdi ting
lén khi ning lugng xung ting 1én. Do vay, bang
cach quan sat va so sanh mat do cac van quang
dan hoi trén hinh anh thu duoc, chung ta c6 thé
dé dang so sanh dinh tinh cudong do ctia cac song
{mg suat sinh ra trong qué trinh shock giy nén
boi tia laser. Ngoai ra, bang cach dém sb luong
van quan sat duge, chung ta c6 thé danh gia ban
dinh luong cudng do cua cac song Gmg suat.

Nhiing hinh anh quang dan héi phan giai thoi
gian cua chiing t61 da tai hién hoan chinh hinh
anh cua qua trinh shock gay nén boi tia laser
trong moi truong chat long. Uu diém cua ky
thuat nay 1 chung t6i c6 thé quan sat dong thoi
cac hién tuong xay ra trong ca hai mién chat 1ong
va chat ran. Ky thuat chup anh quang dan hoi
phan giai thoi gian mang wu diém ciia phuong
phap quang hoc, d6 1a cho phép chiung ta quan

sat truc quan va tryc tiép hién tugng; dong thoi
thé hién su vuot trdi khi cho phép danh gia su
lan truyén cua tit ca cac loai soéng co hoc cing
mdt lac. Kha nang udc lugng cuong do cua song
(g suét thong qua hinh anh ciing 1a mot wu diém
16n vi no gitip cho viéc khdo sat anh hudng cua
cac diéu kién ban dau 1én cudng do ciia song ing
sudt mot cach truc quan va nhanh chong.

3.3. Han ché ciia ky thudt chup inh quang
dan héi phén gidi thoi gian

K¥ thuat chup anh quang dan hdi phan giai
thoi gian co thé tré thanh mot cong cu manh hon
néu nhu gia tri ing suat thuc té c6 thé duoc dinh
luong. Tuy nhién hién tai chtng t6i chua thé tai
hién dugc sy phan bd ung suat thuc té tir nhiing
hinh anh quang dan hoi.

Trong k¥ thudt quang dan hdi 2D, su chénh
léch gitta cac ung suat chinh c6 thé dugc tinh
toan tir hé s6 quang dan hoi va bac cua van quang
dan hoi tai diém xét. Tuy nhién trong hién twong
shock, trang thai Gng sudt 13 3D va hinh anh
chung toi thu dugc 1a anh chiéu 2D ciia trang thai
ung suit 3D 1én mot mat phéng. Viéc tinh toan
(g sudt thuc tir van quang dan hoi cho trang thai
g suét 3D 14 rat phirc tap boi vi trang thai Gmg
suat thay doi lién tuc trén dudng truyén cua dnh
sang. Cho dén thoi diém hién tai, chua c6 phuong
phap 1i thuyét nao thyc su thanh cong trong viéc
tinh toan mg suét 3D tir hinh anh quang dan hoi
trong trudng hop tong quat [16]. Boi vi nhitng
kho khan trén, hién tai k¥ thuat cia chung t6i chi
dung lai ¢ viéc danh gia dinh tinh hoac ban dinh
lwong cudng do tng sudt ma chua thé rit ra duoc
phan bd ung sut thyc té tir cac hinh anh quang
dan hoi thu duoc. Trong tuong lai, chung toi s&
tiép can phuong phap phan tir hitu han dé mé
phong hinh anh quang dan hoi cua cac song Gmg
suat. Chung t6i hy vong ring phuong phap mo
phong sé thanh cong trong viéc tinh toan xac dinh
dinh luong cuong do cic song tng suat quan sat
duogc va do vay, s€ gitp k¥ thuat chup danh quang
dan hoi phan giai thoi gian tré thanh mot ky thuét
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thuc sy manh trong ung dung nghién ctru hién

tuong shock gay nén boi tia laser.

4. Két luan

Trong bai bdo nay, ching t6i da gidi thi¢u k¥
thuat chup anh quang dan hdi phan giai thoi gian,
dugc ching t6i phat trién tir k¥ thuit quang dan
hoi truyén théng két hop véi phuong phéap chup
anh phan giai thoi gian. Ky thuat nay cho phép
quan sat dong thoi cic song shock trong moi
truong chat 10ng va cac song tmg sut trong moi
truong chét rin voi do phan giai thoi gian 1én dén
nano giay. Voi k¥ thuat nay, chiing t61 da tai hién
hoan chinh hinh 4nh ctia mét qua trinh shock gay
nén boi tia laser. Cac nghién ctru dé hoan thién ki
thuat chup anh quang dan hdi phan giai thoi gian
cling nhu Ung dung k¥ thudt nay trong nghién
ctru sau thém hién tugng shock gy nén boi tia
laser van dang duoc tién hanh.
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Tém tat

Trong bai béo nay, chung t6i trinh bay cac két qua nghién ciru ché tao mang mong dong I oxit (Cu,0) chit luong tét trén
de dong (Cu) bang phuong phap oxi hoa nhiét voi nhicu vu diém. Anh hudng cua thoi gian che tao va nhiét do cheé tao
1én san pham da duoc khao sat. Mau Cu,0O sau khi ché tao dwoc nghién ciru mot s6 tinh chét bang cac phuong phap nhu:
phép do tan xa Raman, phép do nhiéu xa tia X (XRD) va kinh hién vi dién tir quét (SEM). Lép Cu,0 da ché tao c6 tiém
nang tré thanh 16p hip thu tt, tng dung trong pin ning lwong mit troi.

Tur khoa: Oxi hoa nhiét, tan xa Raman, mang mong.

Abstract

In this report, we present results of preparation cuprous oxide (Cu,O) thin films on Cu substrates by thermal oxidation
method with many advantages. The effects of annealing time and temperature on the products were investigated
thoroughly. Characteristic of the as-prepared products were studied with measurements such as: Raman scattering, X -
ray diffraction, scanning electron microscopy. Cu,O thin films prepared by thermal oxidation show high potential to apply
as high - quality absorber in solar cell.

Keywords: thermal oxidation, Raman scattering, thin film.

Giéi thidu

Déng [ oxit 12 mot chit ban dan loai p c6 do

dugc ung dung trong tan xa Raman tang cuong
bé mit (SERS)... Cu,0 c6 thé dugc ché tao bing

rong ving cdm hep (2.1 - 2.3 eV). Nho nhiing
tinh chat dac bi¢t cua Cu,0 ma no co tiém nang
16n va dugc tng dung trong céc thiét bi nhiét,
dién, quang nhu pin mit troi, cam bién khi hay

Email: nguyenviettuyen@hus.edu.vn

rat nhidu cach khac nhau, tir phuong phap don
gian t&1 cac phuong phap phtic tap nhu: anot hoa
sir dung khuon oxit nhom [1], lang dong hoi hoa
hoc [2], phun xa [3]...
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Trong bai bado nay, chung toi trinh bay cac
két qua ché tao mang mong Cu,0 chat luong tot
trén dé dong bang phuong phap oxi hoa nhiét.
Nguyén lidu tho ban dau 1a dong, dugc cung cip
nhiét trong diéu kién du oxi dé qué trinh oxi hoa
xay ra. Cu dugc oxi hoa trong khong khi co thé
hinh thanh 2 loai oxit la CuO va Cu,O. Viéc tao
ra oxit nao phu thudc vao thoi gian, nhiét do va
lugng oxi trong qué trinh oxi hoa. Do do viéc
nghién ctru anh hudng cta cic thong sd nhu vay
1a hét strc quan trong dé thu dugc mang Cu,O
tinh khiét. Theo 1y thuyét, sy hinh thanh cac 16p
oxit trén bé mit 16p Cu boi qua trinh oxi hoa
nhiét dién ra theo trinh ty: Cu — (Cu + Cu,0) —
(Cu,0 + CuO) — CuO [4].

Céc két qua nghién ctru anh huong cua thoi
gian va nhiét do oxi hoa ctia ching t6i cho thay,
mau nung & 300°C trong 1 gio s& cho 16p mang
Cu,0 chét lugng tét trén dé Cu (Cu,0/Cu). Vit
liéu Cu,O sau khi ché tao da dugc nghién ctru
bang nhiéu phép do nhu: Tan xa Raman, phép do
phan xa tia X, kinh hién vi dién tir quét.

Thuwe nghiém

L4 dong (kich thudce 10 x 10 x 0,5 mm) duoc
sir dung lam dé dé ché tao mang mong. Cac 1a
d6ng sau khi ép phing, dugc ngdm vao axit HCI
lodng trong 20 phut dé loai bo hét cac chat ban
cling nhu 16p oxit ty nhién trén bé mat. Bé sau
d6 duogc rira lai v6i nude cat. Sau khi duge lam
sach, cac dé Cu duogc gia nhiét bang hotplate dé
thyc hién qua trinh oxi hoa. Pé tao duoc mang
Cu,O don pha, cac mau dugc khao sat véi cac
mbc nhiét do va thoi gian u khac nhau. Trong
bdo cdo nay, chung téi nghién clru sy tao mang
oxit Cu,0 tai 3 méc nhiét do 200°C, 250°C,
300°C véi cac khoang thoi gian 1an luot 30, 90,
150 phut.

Hinh thai ctua cac mang Cu,O dugc khao sat
bang kinh hién vi dién tir Nova Nano SEM 450.
Cac phép do nhiéu xa tia X dugc thuc hién trén
may do nhiéu xa Bruker D5005, st dung budc
song 1,54056 A cua birc xa Cu K . Hé do tan xa

nang luong tia X tich hop trong kinh hién vi dién
tor quét SEM JEOL - JSM 5410 duoc st dung
dé x4c dinh thanh phan nguyén té trong miu véi
giéi han phat hién 1a 1%. Phd Raman cta miu
duoc do trén hé¢ Labram 800 ctia hang Horiba véi
bude song kich thich 632,8 nm. Cac diéu kién do
dac v6i cac mau duoc gitr gidng nhau. Cong suét
chum laser khi dén bé mat mau dat vao khoang
ImW.
Két qua va thao luin

Khi Cu dugc oxi hoa trong khong khi, ca 2
dang oxit Cu,0O va CuO déu duge hinh thanh.
Trong d6, san pham dugc tao ra dau tién 1a Cu,0
dugc hinh thanh trén bé mit 16p Cu. CuO dugc
hinh thanh ¢ giai doan thur 2 cia qua trinh oxi
hoa. Sy chuyén doi tir Cu sang Cu,0 duoc uu
tién hon nhiéu so v6i chuyén tir Cu sang CuO.
Diéu nay co thé duogc giai thich bing sy twong
ddng trong cau triic mang tinh thé (Hinh 1), Cu
va Cu,O c6 cung cdu trac 1ap phuong trong khi
CuO c6 cau trac don ta. Qua trinh oxi hoa co6 thé
dugc hiéu nhu 14 qua trinh nguyén tir oxi khuéch
tan vao 6 tinh thé cuia Cu. Tuy nhién, qué trinh
hinh thanh CuO tir Cu doi hoi mot sy sip xép
lai vé mat nguyén t6 cling nhu 6 tinh thé. Do do,
Cu,O la san pham dugc hinh thanh khi oxi héa
Cu trong khong khi trong giai doan dau tién [4].
Tuy nhién, gan nhu ngay sau khi 16p Cu,0O duogc
tao ra thi qua trinh oxy hoa tiép theo cling c6 thé
xay ra dé tao ra 16p CuO bén trén.

®) ©
@ «u ® 0
Hinh 1. C4u trac tinh thé lap phuong tdm mét Cu (a), ciu
tric 1ap phuong Cu,O (b), cau triic don ta CuO (c)
Két qua Raman (Hinh 2) cho thdy su thay
ddi vé tin hiéu cling nhu cuong d) cua tin hiéu
Raman d6i v6i cdc mau khi ché tao & nhiét do
nung va thoi gian khac nhau
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Hinh 2. Pho Raman ctia cic mau Cu,0 nung ¢ 200°C (a),
250°C (b) va 300°C (c) trong cac khoang thoi gian khac nhau

Khi tang nhiét d¢ u tir 200°C 1én 300°C, céc
dinh Raman dac trung cho Cu, O va CuO c¢6
su thay doi vé cuong d6. Cac dinh & 147cm’,
219 cm™, 524cm™ 1a nhiing dinh dac trung cho
Cu,O, trong khi dinh ¢ vi tri 298cm™ dac trung
cho CuO. V&1 nhi¢t dd nung 1a 200°C, ta théy san
pham thu dugce gdm ca Pong (1) oxit va Dong (II)
oxit. Khong nhing vay, dinh & sd song 624cm™
duoc cho 1a dinh ctia hdn hgp Cu ,O, theo cong
bd cua L. Debbichi va dong nghiép [5]. Khi nhiét
d6 duoc gitt & 200°C va thay doi thoi gian oxi hoa
tir 30 phtt dén 150 phut, ta thiy sy ting cudng
manh ciia tin hiéu CuO & 298 cm'. Két qua nay
phan anh rang, khi ting thoi gian xtr 1y nhiét thi
qua trinh phat trién va hinh thanh CuO dan tr&
nén chiém wu thé hon so vdi ciia Cu,0.

Khi nung dé & nhiét do 250°C, cac nhém dinh
dac trung cua Cu,O va CuO khong c6 su thay do6i
ve vi tri so voi khi nung ¢ 200°C nhung cuong do
c6 su khac biét. Khi thay ddi thoi gian nung tir
thap t6i cao, dbi véi nhoém dinh ciia Cu,0, cuong
do dinh 147 cm™ va 524 cm™ giam trong khi cua
dinh 218 cm! tang, dinh ¢ 298 cm™! ¢6 cuong do
va hinh dang gilt nguyén.

Chi c6 dé nung & 30 phit méi c6 su xudt hién
10 rang cua dinh 298cm™ dac trung cho CuO. Khi
tang dan thoi gian nung, dinh nay khong xuét
hién va cac dinh khac trong nhom dinh Cu,0 gan
nhu giam cuong d6 va bién mat ngoai trir dinh
& 218cm'. Piéu nay cho thiy tai nhiét d6 nung
300°C, téc d6 phat trién tinh thé cia Cu,0 16n
hon nhiéu so véi ctia CuO.

Khi so sanh chung ¢ 3 mdc nhiét do, cac dinh
xuét hién trén phé Raman cho théy su khac biét
ca veé cudng do 1an hinh dang, dic biét 1a cac dinh
147cm™” va 218 cm™ thudc nhom dinh dac trung
cho Cu,0. Céc dinh nay thé hién chat lugng két
tinh cia miu. Theo nhu cong bd cia Solache
- Carranco va cdng su [6], khi cac dinh nay co
cuong do ti d6i cao va hinh dang dinh cang nhon
thi tinh thé Cu,0¢co chat luong két tinh cang tt.
Ta c6 thé thay tai 300°C, dinh 218cm™ cho dinh
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c6 cuong do lon, hep va nhon hon so véi khi
nung ¢ cac muc nhiét do 1a 200°C va 250°C.

Ngoai ra, tai 300°C, mau ché tao véi thoi gian
30 phit cho thay dinh ciia Cu,O tuy manh nhung
dd ban rong 16m hon so véi khi nung ¢ thoi gian
lau hon. Pong thoi, mbc thoi gian nung nay ciing
xuét hién dinh CuO rd nét. Khi thoi gian nung ting
1én 90 phut, chi co 1 dinh nhon ¢ 218 cm!, khi thoi
gian nung tang lén tdi 150 phut thi dinh nay giam
cuong do 16 rét. Vi thé, mdc thoi gian duoc lya
chon cho ché tao Cu,0 béang phuong phap oxy hoa
nhiét dé thu duoc chat lugng tot 1a 90 pht.

eps

1s0—  Cu

100—

50—

T
5 10 15

Eneray G
(b)
Hinh 3. Anh SEM (a) va pho EDS (b) ctia mau Cu,O ché
tao véi dicu kién nhiét d6 300°C trong 90 phut

Anh SEM (Hinh 3(a)) cho thiy bé mit cta
mau tuong d6i dong déu, khong c6 sy xuét hién
cua cac vét nut giy hay 16 trong. Phd EDS cua
cac mau sau khi dugc nung chi cho nhiing dinh
1d rang ciia Cu va O, diéu d6 chimg to ring cac
mau ché tao duoc 1a sach, khong 1an tap chat
trong gidi han phat hién cua phép do EDS.

Két luin

Chung t6i da ché tao dugc mang mong Cu,0
trén dé Cu bang phuong phap oxy hoa nhiét. Bang
vi¢c khao sat sy anh hudng cua nhiét do va thoi
gian nung 1én qua trinh hinh thanh 16p oxit, phép
do Raman cho th?iy khi nung & nhiét do 300°C
tltong 90 phat s€ cho 16p Cu,0 ¢6 chat lugng
tot. Phuong phap oxy héa nhiét duge dung trong
nghién ctu nay la mot phuong phap don gian, co
hiéu qua kinh té cao dé ché tao 16p mang méng

Cu,O trén fié Cu. Lép mang m(")ng Cu0 ché tao

dugc cd tiém ndng lon trong ché tao pin nang

luong mat troi hay ing dung trong quang dién.
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Tém tit

Bai b4o nay tap trung giam dién ap diém két ndi chung cho bo bién tin ma tran bang phuong phap khong gian vector.
Phuong phap dé xuét sir dung cac cip vector tich cuc dé thay thé cho vector khong. Két qua mé phong chi ra rang phuong
phap dé xuét co thé giam bién do dién ap diém két ndi chung 42% so v&i phuong phap truyén thong. Ngoai ra ti s6 diéu
ché cuc dai khong bi anh huéng va van giit mirc & 0.866 trong phuong phap dé xuét.

Tir khéa: BO bién tin ma tran, bo bién tan ac - ac, phuong phap diéu ché vector khong gian, dién ap diém két nbi chung.

Abstract

This paper focuses on the common - mode voltage (CMV) reduction of matrix converter controlled by direct space vector
modulation (DSVM). The proposed method has been developed by using the suitable couple of active space vectors
instead of zero space vectors. Simulation results confirm that the proposed method can mitigate the peak value of the
common - mode voltage to 42% compared to the conventional DSVM method. Moreover, the maximum voltage transfer
ratio of this method is unaffected and remains 0.866.

Keywords: Matrix converter, ac - ac power converter, space vector modulation method, common - mode voltage.

L. Gioi thi¢u céu hinh nhu Hinh 1. Trong nhitng nam gan day,

Bo bién tan ma trén 1a b bién doi tan so truc
tiép tir xoay chiéu sang xoay chiéu ma khong can
qua khéu trung gian mot chidu. B6 bién tin ma
tran gém c6 9 khoa hai chiéu két ndi dau ra va
dau vao gitp chuyén ddi cong suat truc tiép theo
hai chiéu. Ngoai ra con ¢c6 mot b loc thong thép
LC gin ¢ dau vao dé triét tiéu cac hai bac cao cia
dong ngudn. Mot bo bién tan ma tran ba pha c6

Email: huunhan.vn@gmail.com

bd bién tAn ma tran nhan duoc nhidu su quan tam
nghién ctru do né c¢6 nhiéu vu diém nhu khong
can bd tu de - link, dong dau vao va dau ra dang
sin, cong suat c6 thé truyén theo hai chiéu va diéu
khién dugc hé sb cong suit nguon [1, 2]. Cung
voi cac ky thuat chuyén mach an toan, bo bién
tan ma tran rat dang tin cdy trong cac ung dung
cong nghiép.
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n/\, Bé Loc Pau Vao 1 Bi&n TAn Ma Tran

%)

L + < o
SN SN SN
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“Khéa2Chide  TAi3Pha

Hinh 1. C4u hinh b bién tan ma trén 3 pha

Bang 1. Cac trang thai trong bo bién tan ma tran

Trang théi Vector Vector
j dién dp ra dong dién vao
No [AB C |V, 0 | L B;
+1 [a b b | 2v,3 0 | 2i,n3 /6
-1 [b a a | 2vy3 0 [ 21,43 w6
2 [b ¢ c | 2vp3 0 | 2i,N3 2
2 [c b b | 2v.3 0 | 2,43 w2
3 [c a a | 2v,3 0 [2i,N3  7Tnl6
3 |la ¢ ¢ | 2.3 0| 21,3 76
+4 |[b a b | 2v,3 2m/3 | 2igh3 -6
4 |la b a |2vy3 23| 2igN3 w6
Nhém | +5 [c¢ b c | 2v, /3 2n/3 | 2ig/N3 w2
I S b ¢ b |-2v 3 23| 23 2
+6 |a ¢ a |2v.3 203 | 2igN3  Twl6
6 |c a c |-2v/3 2w3[2igN3 T
+7 |[b b a |2vy3 47/3 | 2icN3 -6
7 |a a b | 2vy3  4w3 | 2iN3 w6
+8 |c ¢ b [2vi/3  4w3 | 2ih3 2
8 [b b ¢ [2v3 4w3[2iN3 a2
+9 |a a ¢ |2v.3 43 | 2iN3 Twl6
9 |c ¢ a |2vy3 4wl | 2N3  Twé
. 0, [a a a 0 x| 0 X
N‘ﬁ’m 0, |b b b |0 x| 0 x
0, [c ¢ ¢ 0 x| 0 X
n |a b ¢ X X | x X
r, |la ¢ b X X | x X
Nhém | 15 |[b ¢ a X X | x X
111 , |b a c X x| x X
;5 |c a b X x| x X
s |c b a X X | x X

Ngay nay, c6 rat nhiéu phuwong phap diéu
ché diéu khién bo bién tan ma tran. Nam 1980,
phuong phap dau tién duoc dé xuit boi Venturini
[3]. Nam 1987, Roy va April di dé xuat phuong
phap v6 hudéng [4]. Nam 1985 - 1986, Ziogas va
cac dong sy di dé suét ra phuong phap “DC -
link 40” [5, 6]. Trong phuong phap nay, bd bién
tan ma tran duoc mo ta nhu 1a mot bo bién tan

hai tang 40 gdm: mot bo chinh luu ba pha va
mot bd nghich Iuu ba pha dugc két ndi véi nhau
thong qua mgt DC - link d0. Phuong phap nay
dugc biét dén nhu 1a phuong phép diéu ché gian
tiép. Nam 1987, phuong phap séng mang cho
bo bién tdn ma tran lan dau tién duoc trinh bay
trong [7]. Phuong phap diéu ché vector khong
gian lan dau tién dugc st dung dé diéu khién
b0 bién tin ma tran béi Huber va cac cong su
vao nam 1989 [8, 9]. So sanh v&i cac phuong
phap khac, phuong phap vector khong gian co
vu diém 1a linh dong, c6 qué trinh chuyén do6i
cong sudt d& hiéu. Bai bao nay sé& tap trung vao
phuong phap vector khong gian cho bo bién tan
ma tran 3 pha. Dién ap diém két ndi chung ciing
v6i sy bién thién 16n tan s 1on gy ra dong rd
trén dong co va gy hai rat 16n cho cac 6 bi va
day quin dong co. Theo mot khao sat, cac dong
ro trén 6 bi 1a nguyén nhan gay ra 30% hong héc
cho dong co. Hon nira néu dong co khong duoc
tiép dat tt thi dong ro co thé gay giat dién cho
ngudi néu cham vao dong co. Ngoai ra dong
rd con gy ra cac loai nhidu tiéng dn cho moi
truong va nhidu dién tir cho cac thiét bi xung
quanh [10, 11]. Do do, viéc triét giam di¢n ap
diém két nbi chung c6 y nghia rat quan trong ddi
v6i bo bién tan ma tran.

Mic dui ¢6 rat nhiéu phuong phap nham giam
dién 4p diém két ndi chung di duoc dé xuét
trong qua khir, tuy nhién hau hét chung déu su
dung phuong phép vector khong gian gian tiép.
Bai béo nay dé xuit mot phuong phéap diéu ché
vector khong gian truc tiép, bang cach thay thé
cac vector khong bang cic cip vector tich cuc
thich hop. Uu diém cua phuong phap nay so véi
phuong phap truyén thong la:

1) Giam dién 4p dinh diém két ndi chung 42%;

2) Céc hai trong dién 4p diém két ndi chung
giam nhiéu;

3) Giir duoc ti s6 diéu ché téi da 1 0.866;

4) D& dang thuc thi bang phadn mém ma khong
can thay doi bat ctr thanh phan phan cimg nao.
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II. Phwong phap vector khong gian truyén
théng

Trong mot hé thong 3 pha can bang, cac dién
ap tic thoi nguodn sé co dang nhu sau:

v, cos(wyt)
v, =|v, |=V.|cos(wt—2m/3) (D)
v, cos(at+2xn/3)

Véi ¥, va e, tuong ung la bién d6 va tan sd
goc cua dién ap ngudn.

Vi céac ky hi¢u nhu Hinh 1, cac vector khong
gian cua dién ap dau vao/ra va dong dién vao/ra
s€ dugc dinh nghia lan luot nhu sau:

Y, =2(v, +v,e” +v, /) /3 =V,e!™ (2)

ia

Vo=2(v, +v,e’ +v. e’/ 3=V e’ (3)
i =20, +i,e’>"” +i e ") /3=1¢" 4)
Zy =23, +l~Bej27[/3 +ice/4”/3)/3 :[nejli, . (5)

VO [v, (k € {a,b,c), V,, ], [vi (K € {4,B,C}), V,, @, ]
[iy Gk elab,ed), I, 5], VA [ix (K e{4,B,C), I,, f3,]
lan luot 14 [tin hiéu 3 pha, d6 16n cua vector, pha]
cua dién ap dau vao, dién ap dau ra, dong dién
dau vao va dong dién dau ra.

Sau day, tit ca cac vector khong gian s& dugc
goi don gian la vector.

Co 27 trang thai théa man 2 rang budc trong
bo bién tAn ma tran: 1) cac dau vao khong dugc
ngan mach dé tranh qué dong phia ngudn va ii)
cac dau ra khong duoc hd mach dé tranh qué ap
phia tai. Cac trang thai nay duoc liét ké trong
Béang 1 va dugc phén chia thanh 3 nhom nhu sau:

1) Nhém I bao gom 18 vector tich cuc véi cac
vector dién ap ra va dong di¢n vao co bién goc
pha c6 dinh va bién d6 thay doi.

2) Nhom II bao gdm 3 vector khong véi cac
vector dién ap ra va dong di¢én vao la cac vector
khong.

3) Nhom I1I bao gdm 6 vector quay véi vector
dién 4p ra va dong dién vao luén quay theo thoi
gian, do do 6 vector nay it dugc su dung trong
phuong phap diéu ché.

Phuong phap vector khong gian truyén thong

st dung 4 vector tich cuc cia Nhom I dé téng
hop vector dau ra voi didu kién hé sb cong suét
cuc dai. Cac vector khong dugc sir dung dé hoan
thanh mot chu ky 14y méau 77 .

4. x5, 6

(®)

Hinh 2. (a) Vector dién ap dau ra (b) Vector dong dau vao

Vi du, khi ca hai vector ¥, va nam & sector
1 (k, =1, k=1,V01 k£, va k tuong ung la sector
dién 4p dau ra va dong dau vao) nhu Hinh 2.
Vector dién ap ddu ra mong mudn v, c6 thé duoc
téng hop tir 2 vector v, va v, . Vector v, cé thé
duoc taora béng cach str dung hai trong sau trang

thai £1, 2, £3. Tuong tu vector ¥, co thé duge

tao ra bang cach sir dung hai trong sau trang thai
+7, £8, £9. Ngoai ra cac trang thai +1, £4, £7 va
43, 46, £9 can phai dugc su dung dé tao ra vector
dong dién vao & sector 1. Trong cac vector d6 lua
chon 4 vector chung c6 bién do dién ap 16n nhét
dé diéu khién bo bién tin ma tran. Khi vector i &
sector 1, hai dién ap ddy 16n nhét 14 vab va vac.
Tir nhitng phén tich nay, bon trang thai +1, -3, —7
va +9 dugc lya chon trong truong hop &, =1, k, =1
dé tong hop ra vector v, va i.
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Vi quy trinh tuong tu, cac trang thai dugc lua
chon dé diéu khién bd bién tin ma tran cho tat
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ca trudng hop cia &, va  dugc tong hop trong
Bang 2.

Bang 2. Cac trang thai duoc lya chon dé diéu khién bo bién tan ma tran

trong phuong phap diéu ché vector khong gian truyén théng

Sector Dong Dién Piu Vao
1 2 4 6
a 1 -7 +9 +1 3| +9 8 3 +2 | -8 +7 +2 -1 | +7 -9 -1 +3 | -9 +8 +3 -2 | +8 -7 -2 +1
Tl 2 [+ 6 -7 +9]| 6 +5+9 8| +5 4 8 +7| 4 +6 +7 9| +6 -5 9 8 | -5 +4 +8 7
g"g 3 -1 +3 +4 6 | +3 -2 6 +5 | -2 +1 +5 4| +1 -3 4 +6 | 3 +2 +6 -5 | +2 -1 -5 +4
55 4 [+7 9 -1 +3 |9 +8 +3 2| +8 -7 2 +1 | -7 +9 +1 3 |+9 8 3 +2 | -8 +7 +2 -1
g 5 | 4 6 +7 9| +6 5 9 +8 | -5 +4 +8 7| 4 6 —7 +9 | 6 +5 +9 8 | +5 4 -8 +7
“ 6 +1 -3 4 +6| -3 +2 +6 5| +2 -1 -5 +4 | -1 +3 +4 6 | +3 -2 -6 +5 | -2 +1 +5 4
Dllty cycles d1 d3 d; d_; dl dl d3 d4 d1 d3 d3 d4 d1 dg d3 d4 d1 d3 d3 d_(, dl dl d3 d4
Vector v duoc tong hop tir cAc trang thai —7  nhu sau:
va +9 v6i ti sb dong cét lan luot la d, va d, Khi ~, _, 2qcos(d,-w/6)cosf  (14)
)=

d6 d, va d, thoa man biéu thirc sau:

2 " 2 .
—v,d +—=v.d,=v, =—=V sing,
3 3 3

(6)
Do bién d6 cua dong di¢n dau vao doc 1ap voi
dong dién dau ra, do do: .,
sin(ﬂ/6—,81):sin(ﬂ/6+/3,.)' (7)
Tu (6) va (7), ti s0 dong cat cua trang thai —7
va 1+9 duogc xac dinh nhu sau:

zzzanaﬁh(n/6—@) (8)
VK] cos J,

2g Sing, sin(ﬂ/6+,ﬁi) (9)
: _E cosJ,

v6i g=V,/V, 1a ti s6 diéu ché, 5 =a,—p 1a do
1&ch pha dong di¢n dau vao, a, va g, duogc dinh
nghia nhu sau:
a,=a,—(k,-Dxx/3 (10)
(11)
Phan tich tuong tu ta co thé tinh duoc ti sd
dong cat cua trang thai +1 va —3 nhu sau:

B=p—k,=Dxz/3

2q sin(ﬂ/3—du)sin(7r/6—ﬁi)

NG)

(12)

cos o,

2q sin(7/3-a,)sin(7/6+f,)
A

Trang thai khong (zero state) dugc st dung

(13)

080,

dé hoan thanh chu ky 1dy mau vdi ti sé dong cét

Vg

Thir ty dong cit cac khoa trong trudng hop
k, =1, k, =1 nhu Hinh 3.

cos

SCA SaA SbA
< ‘ SCB > SaB > SbB
SCC i S i SbC
o, | -3 P49 0, 1 7 +1 0,
43 4, | d, | 4/31 4 d, EAER
I,

Hinh 3. Thtr tr dong cét,trong truong hop &, =1, k, =1 trong
phuong phap dicu ché vector khong gian truyén thong
Tit ca ti s dong cat phai thoa méan diéu kién
sau:

0<d, <1; n=0,.,4. (15)

Tir 46 dan dén gi6i han cua ti sb diéu ché trong
bd bién tAn ma trAn nhu sau:
(16)
II1. Phén tich dién ap diém két ndi chung
Trong mot hé théng 3 pha, dién 4p diém két

q S?cosé)’[ .

nbi chung (common - mode voltage) dugc dinh
nghia 1a dién 4p giita diém trung tinh cta tai N va
diém trung tinh dugc ndi dat ciia nguoén O nhu
Hinh 4. Do d6 dién 4p diém két ndi chung dugc
tinh nhu sau:

(17)

Dua vao mach dau ra ta c6 thé thu duoc cac

VL‘In = vNO °

biéu thuc sau:

v, =V, =Ri,+L(di,/dt)

(18)
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(19)
(20)

voi v, , v, va v. la dién 4p dau ra so voi dat, R

VB - vcm

= Ri, + L(di, / dt)
Ve =V, = Ri. + L(di. / dt)

va L 1an luot 1a dién tro va do tir cam cua tai.
Trong hé thong 3 pha can bang, ta c6 dugc
biéu thirc sau:

iy i, +i. =0, (21)
Tu (18) - (21) ta thu duoc:
y =YatVs Ve (22)

3 , L
Tu (22), cac gia tri dién ap dinh diém két noi
chung ctia tit ca cc trang thai trong Bang 1 duoc
tinh nhu sau:

V. /3, Nhém I
Ve pea =1V; - NhomII (23)

0 , Nhém III (khong st dung).

IV. Phwong phap vector khong gian dé xuit

Theo phuong trinh (20) ta thiy céac trang
thai trong Nhom I (trang thai tich cuc) ludn tao
ra dién ap diém két ndi chung thap hon so véi
Nhom II (trang thai khong). Do d6, dé giam dién
ap diém két n6i chung, cac vector khong sé dugc
thay thé bang cac vector tich cuc. Thay vao ding
3 vector khong nhu trong phuong phép truyén
thong, phuong phap dé xut s& st dung 2 cip
vector tich cuc, d6 1a v,, -, ,v, va -, dé thay
thé cho vai trd cta vector khong nhu Hinh 5. Vi
du, truong hop & =1,k =1, cac vector tich cuc
duoc str dung dé thay thé vector khong 13 4 trong
6 trang thai +4, +5,+6. Tu Bang 2, cac vector
tich cuc dé tong hop thanh vector dau ra v, la
~7,49, +1, -3 ¢O bién d6 dua trén dién ap Y« va
v . Do d6 dé giam dv,, dr thi cac vector 4, £6
s€ dugc su dung vi chiing ciing c6 bién do dya
trén dién &p v, vav,, .

Do d6 trong truong hop k, =1,k =1, 8 vector
+6, -6, —7, +9, +1, -3, +4 va —4 dugc su dung
v6i ti s6 dong cat 1an luot 13 d,/4, d,/4, d,, d,,

d,» d,» d,/4 vd d,/4 dé diéu khién bo bién tan
ma tran. Thir ty dong cat cac khoa trong truong
hop nay duoc thé hién nhu Hinh 6. Céac trang

thai duoc lua chon dé diéu khién b bién tin ma
tran cho tat ca truong hop cia &, va k dugc tong
hop trong Bang 3. Do céc ti s6 dong cat clia cac
vector khong thay d6i nén ti sé diéu ché cuc dai
van gitr khong doi, 1a 0.866.

4, +35, +6

(b)

Hinh 5. Phuong phap dé 3<uéit su dung 2 cap vector
tich cuc (a) vector dién ap dau ra (b) vector dong dau vao

SCA SaA SbA
S, B SQB = SbE = S aB .
SCC H g j‘SﬂC - Sl)C h
6 +9 L3 464 41 7
/4 d, b4, ldydd 4 4 d, d, /4
T,

Hinh 6. Thir ty dong g:ét trong truong hop &, =1, k =1
trong phuong phap dicu che vector khong gian dé xuat
V. Két qua mé phong
Cac két qua md phong duoc thuc hién trén
phan mém Psim 9.0 cho tai 3 pha R - L cén
bang v6i cic thong s6 md phong nhu Bang
4. Cac két qua modé phong & f,=40Hz,q=0.5.
Hinh 7 va hinh 9 1an luot thé hién cac dang song
dau vao va dau ra twong tmg voi phuong phap
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didu ché vector khong gian truyén théng va dé
xudt. Cac két qua cho thdy rang chit luong tin
hiéu dau vao va ra trong phuong phap dé xuat
la twong duong vdi tin hiéu trong phuong phép
truyén thong. Hinh 8 va 10 lan luot thé hién
dién 4p diém két nbi chung va phan tich FFT
ctia chung tuong Gng véi phuong phap diéu ché
vector khong gian truyén thdng va dé xuat. Trong
phuong phap truyén théng, dién ap diém két ndi
chung c6 dinh bang dinh cua dién 4p dau vao;
trong khi & phuong phap dé xuat, dién ap diém
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két ndi chung c6 dinh giam di V3 so véi dinh cta
dién ap dau vao. Do d6 phuong phap dé xut lam
giam 42% dinh dién ap diém két ndi chung so
v6i phuong phap truyén théng. Hinh 11 va 12 lan
luot thé hién téng dd méo dang song hai (THD -
Total Harmonic Distortion) ctia dién ap day dau
ra va dong dau vao twong Gmg v6i hai phuong
phap. Khi ti s6 diéu ché thap, THD trong phuong
phap dé xuat cao hon trong phuong phap truyén
thdng; khi ti s6 diéu ché cao thi hai phuong phap
c6 THD tuong duong nhau.

Bang 3. Cac trang thai duogc lya chon dé diéu khién bo bién tan ma tran
trong phuong phap diéu ché vector khong gian dé xuat

Sector Dong Pién Piu Vao
1 2 3 4 5 6
= ] [#66-749+1 3+44[+5-5490 8 34246 —6|+4 4 -8+T+2 | +5-5[+66+7 01 +3+4 4 |+5-5-0+8+3 2 +6—6|+4 4 +8 T 2 +1+5-5
i 2 3344 06-T4+9+] —1|+22-6+549 L +3-3|+1 -1 +5 4 -B+T7+2-2(+3 3 4 +6+7-9+]1 -1 |+22+6-5-9+8+3 3|+l -1 -5+ +8-F+2-2
‘g'é 3 [+9-0-143+4-6+7-7|+8 -8 +3 2645 49 —9|+7 =T 2 +1 +5 —4 +8 -8 [+0 -9 +] -3 —4 +6 +7 =7 [+§ -8 =3 +2 +6 =5 +0 -9 [+7 -7 +2 -1 -5 +4 +8 8
EE | 4 [+6-6+7-9-1+3+44|+5-5 9 +R+3 D +6—6|+d 4 +8—T D +1 +5-5[+6 6T +0+1 -3 +4 4 [+5-5+9 8342 +6-6|+4 4 -8 +7 +2 -1 +5 -5
§ 5 33446479+ -1|+2 246 -5-9+8+3-3|+1 -1 54448 -T+2-2(+3 344 -6-T+0+]1 -1 |+2 -2 -O6+54+9-F+3 -3 (+]l -1 +5 4 -8 +7+2 -2
Z 6 |+9-9+1 -3 4+6+7-7|+8 832463548 -9|+7 -T+2 1 5+4+8-8[+0-9 | 4344 6+7—7|+§8+3 2 6+5+9-9[+7-7-2+1 +5-4+8-8
o do iqd_o'd_OEO. " do do jdo do 5 do do |do do dodolde do dodojdy do dodo
Dutycycles‘I L W b P D dideds e PR P didids d PP didads i PP i dads dg PR P i d2ds s 2
Béang 4. Thong s6 mo6 phong O S S S S S SO S S—
. 3 3 Om
bién ap nguon B0 loc dau vao Tai daura ; I
[ (a) 100V/div 2ms/div
L, =2 mH
V. =220V R=10Q
p C, =25 uF Y _
=60 Hz =20mH \
: R,=300Q E
UI X I e u
(b) 20V/div 10kHz/div

SA/div Sms/div

'Bién ApPduRav,,

(c)

200V/div Sms/div|

THD=1.16

khong g

'Ding Bién Bdu Vio i i

Hinh 8. (a) Dién 4p diém két ndi chung va (b) Phan tich
FFT cuano tai f,=40Hz, ¢=0.5 v&i phuong phap vector
ian truyén thong

SS2S2S2S2S2S

(b) 5A/div Sms/div]
:I:)i{:n P'\p PduRav,, _!_HD = |-7_""§

(c)

200V/div Sms/div |

Hinh 7. (a) Dong dién 3 pha dau vao. (b) Dong dién 3 pha

ddu ra. (c) Dién 4p day daura tai £, =40 Hz, ¢=05
v6i phuong phép vector khong gian truyén thong

Hinh 9. (a) Dong dién 3 pha dau vao. (b) Dong dién 3
pha dau ra. (c) Dién ap day dau ra tai f, =40 Hz, ¢=0.5 vOi
phuong phap vector khong gian dé xuat
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@ ———100V/div 2nis/div§

O.L ) N
(®) 20V/div 10kHz/div
Hinh 10. (a) Dién ap diém két n6i chung va (b) Phan tich
FFT cuané tai f,=40Hz, ¢=0.5 v6i phuong phap vector
khong gian dé xuat

1

——PP T;nyln lildng
| s i 7| etem PP DE Xuiit
2 b\
£l
o 7
=S 6}
S
% s}
&
- ‘_...
= e
=3
Kl
l.

01 02 03 04 05 06 07 08 09
Ti sb diéu ché q

Hinh 11. So sanh tong dd méo dang song hai (THD)
dién & ap day dau ra gitra phuong phap truyen thong
va phuong phap dé xuét theo ti s diéu ché

L

: [=e=PP Truyén thong
8 =& PP DE Xuit
.31 : H H
F
27
2 s
g,
Pl
= 3r
4
l....
81 02 03 04 05 06 07 08 09

Ti sb diéu ché q

Hinh 12. So sanh tong dd méo dang song hai (THD)
dong dién dau vao gitra phuong phap truyen thong
va phuong phap dé xuat theo ti sé diéu ché

VI. Két luan

Bai bao nay gidi thi¢u mot phuong phéap giam
dién ap diém két ndi chung cho cac bo bién tan
ma tran. Phuong phap dé xuét st dung 2 cap dién
ap tich cyc dé thay thé vector khong. Phuong
phap dé xuat co thé giam 42% dinh dién ap diém
két ndi chung va van gitr ti s6 diéu ché cuc dai 1a
0.866. Phuong phap dé xuat co thé dé dang thuc
thi bang phan mém ma khong can thay ddi phan
cimg. Nhuoc diém cua phuong phap dé xuat 1a

cho tong d6 méo dang song hai cao khi ti s6 diéu

ché thip. Phuong phap dé xuét dugc kiém ching

bang cac két qua mo phong.
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Tém tit

Trong bai bao nay, chiing t6i ap dung gan dung Hartree-Fock cho mé hinh Falicov-Kimball hai chidu mé rong c6 ké dén
tuong tac dién tir - phonon dé khao sat tinh chat ham phd cua trang thai dién moi exciton (EI). O trang thai co ban, ching
t6i da chi ra sy anh hudng twong hd cia twong tic Coulomb va tuong tac dién tir - phonon 1én trang thai ngung tu exciton
trong h¢. Buc tranh ngung tu thé hién rd su ton tai khe nang lugng cua hé thuce tan sdc gia hat va tin hiéu ham phé don hat.
Két qua khang dinh trang thai EI dwoc hinh thanh khi lién két dién tir - phonon hay twong tic Coulomb du 16n. Giao nhau
BCS - BEC khi twong tac Coulomb thay dbi ciing dugc thao luan qua birc tranh ham ph6 don hat.

Tir khéa: dién moi exciton, mo hinh Falicov-Kimball hai chiéu mé rong, gan ding Hartree-Fock, tinh chat ham phd

Abstract

In the present work, by using the Hartree-Fock approximation we have analyzed the spectral properties of the 2D extended
Falicov-Kimball model once the electron-phonon interaction is taken into account to study the excitonic insulator (EI)
state. In the ground state, we have addressed an interactive contribution of the Coulomb interaction and the electron-
phonon coupling in establishing the EI phase. A scenario of the condensate state is indicated by an appearance of the
hybridization gap in the quasiparticle dispersions or in the spectral signatures. Our results show us that the EI is formed
only if the electron-phonon coupling or the Coulomb interaction is sufficiently large. The BCS - BEC crossover depending
on the Coulomb interaction is also discussed in the signatures of the single particle spectral functions.

Keywords: excitonic insulator, 2D extended Falicov-Kimball model, Hartree-Fock approximation, spectral properties

Email: phanvannham@dtu.edu.vn
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1. Mé& dau

Trong chit rin, exciton dugc xem nhu mot
chun hat duoc tao thanh do sy ghép cdp cua dién
tir ving dan va 18 tréng ving hoa tri nhd tuong
tac Coulomb. Do dién tir va 13 trong déu c6 spin
ban nguyén nén exciton cd spin nguyén va vi vay
n6 dugc coi la mot gia hat boson. O nhiét do du
thdp, cac gia hat boson phirc hop nay sé& ngung
tu trong mot trang thai lugng tu, duogc dé xuét
vé mit 1y thuyét hon 60 nim trudc; va cdu hinh
cua ban kim loai hoic ban dan dugc chuyén sang
trang thai dién moi tuong ung [1]. Trang thai nay
duogc goi 1a trang thai dién moi exciton (excitonic
insulator - EI). Céc dit liéu thuc nghiém gan day
thu duoc trén mot sé vat liéu di khang dinh cac
du doan 1y thuyét vé trang thai EI. Chang han
nhu, tir két qua quan sat sy phu thudc nhiét do
ciia quang phd dién tir (ARPES) trén kim loai
chuyén tiép 17 -TiSe, nguoi ta suy doan sy ton
tai trang théi EI cung véi su xuét hién cua trang
thai song mat do dién tich [2, 3]. Hay d4u hiéu
quang pho phat xa tia X va ARPES trén vat liu
gia mot chiéu Ta NiSe, cho thiy trang thai co ban
cua hé co thé dugc xem nhu 1a trang thai EI gitra
16 tréng Ni 3d- Se 4p va dién tir Ta 5d [4]. Chinh
vi vay, viéc khao sat ky ludng vé ban chat trang
thai EI dang dugc quan tdm nghién ctru trén ca
linh vuc 1y thuyét va thuc nghiém.

Hién nay, mo hinh Falicov-Kimball dugc xem
1a d6i tuong wu tién khi str dung dé nghién ctru ly
thuyét su chuyén pha kim loai - dién mdi trong
cac hop chit pha tron hoa tri cia dat hiém va oxit
kim loai chuyén tiép. Véi trang thai EI, ngudi
ta thuong stt dung moé hinh Falicov-Kimball mo
rong (EFKM) (m6 hinh Falicov-Kimball c6 tinh
to1 nhay nut cua cac dién t trén muac f) [5 — 7).
Tuy nhién, chi véi mé hinh EFKM, nguoi ta da
khong tinh té1 sy anh hudng cia tuwong tac dién
tir-phonon 1én trang thai EI trong hé. Trong khi
d6, mot s thi nghiém gan day trén vat liéu ban
kim loai 17-TiSe, [8, 9], d4 cho thdy su bién dang
mang tinh thé 1a dang ké va 1a co s¢ dé hinh thanh

trang thai EI. Do vay, trang thai EI cling da duoc
nghién ctru mét cach k¥ ludng trong mo hinh hai
dai nang lugng chi c6 tuong tac dién tur - phonon
nhung b qua anh hudng cta thé Coulomb [10,
11].

Trong bai bao nay, chung t6i nghién ctu ly
thuyét vé sy hinh thanh trang thai EI trong mo
hinh EFKM c6 ké dén twong tac dién tir - phonon
bang phuong phap gan dung Hartree-Fock. Day
1a mot phuong phép tiép can trudng trung binh
nhung cho phép tach riéng cac tham sd trat tur
exciton. Trong do6, chiing t61 tap trung nghién ctru
anh hudéng cta phonon va tuong tac Coulomb
1én nang luong tan sic tai chuin hoa va cu tric
quang pho cua dién tir va 16 trong trong pha
ngung tu.

Bai bao dugc chia thanh 4 phan. Trong do,
phan 2 ching t6i trinh bay mo hinh Falicov-
Kimball hai chiéu mé rong khi c6 tuwong tac dién
tir - phonon. Trong phan nay, chung toi 4p dung
Iy thuyét Hartree-Fock cho mé hinh va rit ra hé
phuong trinh tu hop cho phép xac dinh tham s
trat ty trang thai EIL Két qua tinh s6 va thao luan
dugc thé hién & phan 3. Cudi cung, phan 4 trinh
bay két luan cua bai bao.

2. M6 hinh va phwong phap ly thuyét

Trong biéu dién xung lwong, mo hinh Falicov-
Kimball mé rong bao gom twong tac dién tir -
phonon dugc mo ta bodi Hamiltonian sau:

H =H,+H,, (1)
trong do6, H, mo ta phan niang luong khong
tuong tac ctia hé dién tir - 16 tréng - phonon

H, ngckck +> &l ffi +@, ) blb,, (2)
va H_, mo ta phan lfléng lugng tuorcﬁg tac, bao
gdm ca tuong tac Coulomb va twong tac dién tir
- phonon

v | T
T Z C]I1+qck2fi(2-q];(l

k] ’kz »q

+%§[c£l+q A (B +b, )+ He] (3)

& day, ¢ (ck) S (fk) va bT( ) tuong Ung 1a
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céc toan tir sinh (hity) dién tir, 16 trong c6 xung
luong k va phonon xung lugng q. Céac hé thuc
tan sac cho dién tir ¢ va 16 tréng f dugc cho béi:

gl =& —tVy - 4)
véi €°/1a nang luong tai nGt cua dién ti
c va 10 tréng £ ¢/ 1a tich phan nhay nut;
v = 2(cos k. +cos ky) trong hé hai chiéu va u 1a
thé hoa hoc. Trong phuong trinh (3), g 1a hang
sd lién két dién tir - phonon, U 1a cudng do thé
tuong tac Coulomb giira dién tir - 16 trong va N
1a s6 nit mang tinh thé. Tai nhiét do dii thap, cac
exciton voi xung lugng hitu han Q = (7[,7[) cod
thé ngung tu, duoc thé hién boi gia tri mat do cap
dién tir - 18 trong d, =(c},qf, ) khéc khong. Dai
lugng nay ddc trung cho sy lai hoa gitra dién tir
va 1o tréng nén duoc xem la tham sb trét tu trang
thai EI. Tham s trat tu khac khong thé hién hé &
trang thai di€n moi exciton.

Trong gan dung Hartree-Fock, Hamiltonian
tuong tac trong phuong trinh (1) dé dang duoc
chéo hoa bang phuong phap Bogoliubov [10].
Két qua ta thu dugc hé thuc tan sdc gia hat

~f ~c xf _ me
+ &k +‘9k+Q - sgn(gk gk+Q)

E - = ¥ I, 5
¢ 2 2 K ©)
trong do:
~f i P 5 1/2
I, :[(g,-( ~5o) 4 J . ©)

O day & la cac nang luong tan sic hiéu dung
khi tinh t61 dong gop cua tuong tac Coulomb
&l =g +Un’", (7

va
A= bS], O

dugc xem nhu tham sé trat ty trang thai ngung
tu exciton. O ddy ta thay rd ngoai twong tac
Coulomb, tuong tac dién t&r - phonon g ciling
dong goép vai tro quan trong cho sy hinh thanh
trang thai ngung tu exciton. S6 hang ti 1& véi
<be + b_Q> cho ta su bién dang mang khi c6 mat
cua phonon trong h¢.

Trén co sé gan ding Hartree-Fock, ta d& dang

xac dinh duoc ham phd don hat cia dién tir va
16 tréng. Vi dy, ham phé) cua dién tir ¢ dugc xac
dinh boi:

(@)= [a@.a] ) e ©

va két qua cho ta:
A (o) = ué_Q5(a)—E,f_Q ) +vlf_Q§(a)—El:_Q),

(10)
trong do:
- 5f _ ze
uiZ% 1+Sgn(<§|{_5ﬁ+Q)w > (1D
_ F e
vi=% l_sgn(gkf_gﬁw)w, (12)

la cac hé s6 xuat hién trong phép bién doi
Bogoliubov va & (a)) la ham delta-Dirac. Tuong
tur ta c6 két qua ham pho cua 16 tréng f

Al (0)=vis(0-E)+ud(0-E), (13)

Ca hai ham phd déu duoc thiét 1ap bai sy kich
thich phtt hgp véi cac nang lugng E, va E, . Chu
¥ rang tir ham phd, ta co thé danh gia mat do
trang thai twong Gmg bang viéc tinh tong trén tat
ca cac xung lugng trong ving Brillouin thir nhat.
3. Két qua tinh s6 va thio luin

Trong phan nay, chung t6i trinh bay két qua
tinh s6 dé thao luan anh huéng cia twong tic
Coulomb giita dién ti - 16 tréng va twong tac dién
tur - phonon 1én sy ngung tu cua exciton trong mo
hinh dugc mé ta & phan trude. Két qua dugc tim
ra tir viéc giai sé cac phwong trinh tu hop trong
gan dang Hartree-Fock [10]. Trong bai toan nay,
chung t6i chon h¢ hai chiéu véi N =100x100 nat
mang, va gia thiét hiéu giita cac nang lugng tai
nuat cua dién tir va 16 trong 1a ¢° —¢/ =2.0. Hiéu
nay cho biét mirc do xen phu cua hai dai ning
lugng. Dé thuan tién, chung t6i chon |t
la don vi ciia nang lugng va tinh toan voi cac gia
tri 6 dinh: ¢/ =0.3, @, = 2.5 trong ving lap day
mot nira n°+n’ =1. Thé hoéa u dugc thay doi
dé thoa mén diéu kién nay. O day, ching toi da

=1 coi
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chon ¢/ <#° nham thé hién rang 18 tréng trén dai
hoéa tri kém linh dong hon dién tir trén dai dan.

Cac két qua tinh todn dugc thyc hi¢n trong hé
don vi ning luong tong quat voi i=c = ky,=1.

Hinh 1. Nang lugng gia hat E, (biéu twong lap day) vak (biéu twong rdng) doc theo truc k= k trong vung Brillouin
thir nhét & trang thai co ban: (a) ung véi cac gia tri khac nhau cua g khi U= 1. 5; Va (b)
ung voi cac gia tri khac nhau cua U khi g = 0.6.

Hinh 1 biéu thi cic ning luong gia hat E; va
E, doctheo huéng duong chéo cia vung Brillouin
2D thir nhat, tire lak =k (mg véi cac gid tri khac
nhau cua the tuong tac Coulomb U hodc hang so
lién két dién tir - phonon g ¢ trang thai co ban
(tc 1a tai 7= 0K). Gian do cho thay khi khong
c6 tuong tac dién tur - phonon, hodc khi khong c6
tuong tac Coulomb, hai dai nang lugng cua dién
ttr ¢ va 16 tréng f xen phil nhau, do d6 khong ton
tai khe nang lugng. Tuy nhién, theo Hinh 1(a),
khi tang hang s6 lién két dién tir - phonon téi g =
0.6 chang han, khe ning luong hinh thanh xung
quanh muc Fermi. Trong truong hgp nay, mat
Fermi dong vai trd quan trong trong vi¢c hinh
thanh trang thai ngung tu cua exciton. Chinh vi
vay, ta khang dinh exciton trong hé ngung tu dudi
dang BCS nhu cac cip Cooper trong 1y thuyét
BCS ctia siéu dan. Khe ning lugng nay duoc mo
rong khi ta tang hang s6 lién két dién tir - phonon
hon ntta. Tuong ty nhu vay, ¢ Hinh 1(b), khi
tang U, vi du véi U = 1.0, ta nhan théy mot khe
nang luong hep xuét hién tai mic Fermi, chi ra
trang thai lién két ctia cac cap dién tir - 16 tréng. Va
ta van khang dinh cac exciton trong truong hop
nay ngung tu trong trang thai BCS. Tuy nhién,
vé ban chat, trang thai ngung tu ndy cta exciton

hoan toan khéc véi trang thai siéu dan. Néu nhu
& trang thai siéu dan, hé dan dién 1y tudng thi &
trang thai ngung tu exciton, h¢ lai ¢ trang thai
di€én mo1 ma ta thuong goi la dién moi exciton-
El Tang cuong d6 thé tuong tac Coulomb hon
nira, khe nang lugng mo rong thé hién hé 6n dinh
trong trang thai EI. Nhu vay, tuong tic Coulomb
va tuong tac dién tir - phonon hd trg nhau trong
viéc hinh thanh trang thai ngung tu ctia exciton.
Pé hiéu rd hon vé nhitng anh hudng cua
cuong do lién két dién tir - phonon va thé tuong
tdc Coulomb 1én sy hinh thanh trang thai lién két
cling nhu ngung tu cua cac exciton, ching toi
trinh bay ham quang phd don hat lién quan dén
viéc phat xa quang hodc phat xa quang nghich
dao cua dién tir ¢ va 15 trong £ Hinh 2 mo ta
bt tranh ham phd cua dién tir va 16 trng twong
mg & cac hang sb lién két dién tir - phonon g va
cuong do thé tuong tac Coulomb U khéc nhau.
Ung véi gia tri xéc dinh ctia thé Coulomb, vi
du U= 1.5, Hinh 2 (trai) cho ta thiy, dic tinh khe
nang luong xuat hién tai mirc Fermi cia ham phd
khi cuong do lién két dién tir - phonon du 16n.
Khi g nho, hai dai nang luong cua dién tu ¢ va
16 trong £ xen phu nhau, do d6 khong ton tai khe
nang luong. Pac bi¢t voi g = 0, do anh hudng
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ctia tuong tic Coulomb, ching ta nhan thdy c6
su khéac biét vé pho ciia ca dién tir va 16 tréng
tai muc Fermi so voi céac vi tri khac. Tuy nhién,
do cuong d6 thé Coulomb chua du 16n nén chwa
thé hinh thanh khe ning lugng tai d6. Khi ting
hang sb lién két dién tir - phonon, chang han g =
0.6, khe nang lugng hinh thanh xung quanh mirc
Fermi. Trong truong hop nay, cac trang thai dién

tir ¢ va 13 trong £ lai hoa manh gan ning luong
Fermi v&i su chuyén trong sé phd 16n. Do do,
exciton dugc tao thanh va sau d6 ngung tu trong
trang thai dang BCS. Khe ning luong dugc mo
rong khi ting cuong do lién két dién tir - phonon
hon nita, chang han téi g = 0.8. Hinh anh quang
phé nay hoan toan phu hop véi cac két qua duge
biéu thi trén Hinh 1.

Hinh 2. Sy phén b quang phd cua dién tir ¢ va 16 trong f doc theo truc (k, k) trong trang thai co ban véi U= 1.5
khi g thay ddi (trai) va voi g = 0.6 khi U thay doi (phai).

Hinh 2 (phai) biéu thi quang phd cia dién tir ¢
va 18 tréng fdoc theo truc (k, k) trong trang thai co
ban khi U thay d6i v6i g = 0.6. Ta nhén thiy, khi
U nho, do hang s6 lién két dién tir - phonon chua
du 16n nén khong ton tai khe ning luong. Tuy
nhién, khi ting cuong do thé twong tic Coulomb,
chéng han U = 2.0, mt khe ndng lugng nho hinh
thanh xung quanh muc Fermi. Trong truong hop
ndy, mic Fermi van dong vai trd quan trong trong
viéc ghép cap dién tir - 16 tréng va hinh thanh
trang thai ngung tu. Ta ndi, cac exciton ngung tu
trong trang thai BCS. Khe nang luong dugc mo
rong khi tdng cuong do twong tac Coulomb hon

nira. Pac biét, tai U = 3.39, khe nang luong mo
rong va hinh anh quang phd cho thay mot phan
trong luong phd duoc chuyén tir ving hoéa tri
sang vung dan. Diéu nay khang dinh hé bét dau
chuyén tir trang thai ngung tu dang BCS sang
trang thai ngung tu dang BEC véi cac exciton
lién két chit. Néu ting U hon nira trong gii han
tuong tdc manh, hé s€ on dinh trong trang thai EI
vo1 dang ngung tu BEC.
4. Két luan

Trong bai bio nay, ching t6i da ap dung gan
dung Hartree-Fock dé khao sat anh huong cia
cuong do lién két dién tir - phonon va thé tuong
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tac Coulomb lén trang thai ngung tu exciton trong
mo hinh Falicov-Kimball mé rong c6 tuong tac
dién tir - phonon. Thong qua vi¢c giai tu hop hé
phuong trinh x4c dinh tham s trat tu, chung toi
da biéu thi duoc su phu thudc cua tham sb trat
tu trang thai EI vao hang sé lién két dién tur -
phonon va thé twrong tic Coulomb. Két qua tinh
sd cho thiy tuong tac Coulomb va tuong tac dién
ttr - phonon hd trg nhau trong viéc hinh thanh
trang thai lién két va ngung tu ciia exciton. Dic
biét, ham quang phd phét xa quang biéu 16 mot
nép gip o rang cia diu hiéu quang phd trong
trang thai ngung tu exciton khi lién két dién tir
- phonon hay tuong tac Coulomb du lén. Céc
gian d6 biéu thi ham quang ph6 don hat cua dién
tir va 16 trong ciing cho thiy bang chimg vé su
giao nhau BCS - BEC cua ngung tu exciton,
dugc diéu khién boi twong tic Coulomb. Qua
d0, ban chét trang thai ngung tu ciia exciton thay
d6i tir dang BCS véi twong tac Coulomb yéu
sang dang BEC véi tuong tac Coulomb manh,
trong d6 bé mit Fermi khong con dong vai trd
quan trong trong viéc hinh thanh trang thai lién
két ctia exciton nita. Dau hiéu cua sy giao BCS
- BEC trong quang ph6 duoc thé hién boi mot
phan trong luong phd duoc chuyén tir ving hoa
tri sang vung dan. Nhirng phan tich k¥ ludng hon
vé sy thing giang cip dién tir - 16 trong hay du
hiéu phd cua sy giao BCS - BEC trong mé hinh
bang phuong phap chiéu két hop tai chuin hoa s&
1a nhitng nghién ctru tiép theo cua ching toi.
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Tém tit

Trong bai béo nay, ching toi khao sat su chuyén pha trang thai ngung tu ciia exciton trong mé hinh Falicov-Kimball hai
chidu mé rong c6 ké dén tuong tac dién tir - phonon. Ap dung gin ding truong trung binh tinh, ching t6i thu dugc hé
phuong trinh ty hop cho phép xac dinh tham sd trat tw trang thai ngung tu exciton va bién dang mang. Khi tinh téi dnh
hudng cia thing giang nhiét, chung toi da thiét 1ap dugc gian d6 pha mo ta trang thai ngung tu exciton ciia hé khi thay doi
cuong do cac tuong tac. Gian do pha cho thay, khi nhiét d¢ du thap, ving ngung tu exciton dugc tim thdy trong khoang
gi6i han cta tuong tac Coulomb va duge mé rong khi ting hing sb twong tac dién tir - phonon. Birc tranh giao nhau BCS
- BEC cua trang thai ngung tu exciton trong hé cling dugc thao luan.

Tir khéa: ngung tu exciton, mo hinh Falicov-Kimball mé rong, 1y thuyét truong trung binh

Abstract

In this work, phase transition of the excitonic condensation state in the 2D extended Falicov-Kimball model involving the
electron-phonon interaction is investigated. In the framework of the statics mean-field theory, we have derived a set of self-
consistent equations determining both the excitonic condensate order parameter and the lattice displacement. Considering
the influence of the thermal fluctuations, we have established a phase diagram showing the excitonic condensate phase
transition depending on the Coulomb interaction and electron-phonon coupling. The phase diagram shows us that the
excitonic condensate stabilizes at low temperature in a dome between two critical values of the Coulomb interaction. The
dome of the excitonic condensate expands as increasing the electron-phonon coupling. A BCS - BEC crossover of the
excitonic condensation state in the system is also addressed.

Keywords. excitonic condensation, extended Falicov-Kimball model, statics mean-field theory
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1. Mé& dau

Nhing nghién ctru 1y thuyét dau tién vé su
ton tai cua trang thai ngung tu exciton trong cac
vat liéu ban kim loai va ban dan da duoc dé xuat
tir cach day hon nira thé ky [1, 2]. Do tuong tac
Coulomb giira 18 tréng & vung hoa tri va dién tir
& ving dan ma hinh thanh trang thai két cap dién
tir - 16 tréng duoc goi la exciton. O nhiét do du
thap, exciton mat do cao c6 thé ngung tu va hinh
thanh trang thai luong tor mai [3]. Trong nhirng
nam gﬁn day, viéc tim ra cac vat li¢u co trién
vong dé quan sat trang thai ngung tu exciton,
nhu: dichalcogenide kim loai chuyén tiép gia hai
chiéu 1T -TiSe,, hop chat dat hiém chalcogenide
TmSe, . Te, ., graphene hai 16p,... da lam tang
nhiing nghién ctru vé trang thai ngung tu exciton,
ca vé phuong dién 1y thuyét va thyc nghiém [4
- 6].

Vé mit 1y thuyét, trang thai ngung tu cia
exciton thuong dugc nghién ctru thong qua khao
sat md hinh Falicov-Kimball m¢ rong (EFKM)
nhung hoan toan theo co ché dién tir tirc 1a chi
quan tam tdi tuwong tac tinh dién Coulomb gitra
dién tir va 16 tréng [7 - 9]. Khi dé, twong tac cua
dién tr hay exciton véi phonon hoan toan khong
duoc dé cap. Tuy nhién, cac nghién cuu thuc
nghiém quan sat gan day trén mot sb vat liéu da
cho thiy bién dang mang hodc céc dnh hudng ctia
phonon cling déng vai tro quan trong trong viéc
hinh thanh trang thai ngung tu exciton [10, 11].
Nhu vay, viéc nghién ctru k§ ludng anh hudng
cua ca tuong tac dién tur - phonon va tuong tac
Coulomb ciling nhu nhi¢t d Ién sy hinh thanh
trang thai ngung tu exciton 14 rat can thiét, giup
ta c6 cai nhin toan dién hon vé trang thai ngung
tu exciton.

Trong bai bdo ndy, chung t6i khao sat sy ton
tai va chuyén pha trang thai ngung tu exciton
trong mo hinh Falicov-Kimball hai chiéu mé
rong c6 ké dén tuong tac dién tir - phonon. Mb
hinh nay da dugc Zenker va cdng su nghién ctru
bang phuong phap ham Green truong trung binh

va gan dung Kadanoff-Baym [12], tuy nhién m&i
chi durng lai ¢ trang thai co ban, tuc tai nhiét do
bang 0 va chua quan tdm mot cach thau dao toi
giao nhau BCS - BEC cua trang thai ngung tu
exciton trong hé. Trong bai bdo nay, chiing t61
ap dung 1y thuyét truong trung binh tinh dé khao
sat mo hinh va thu dugc mdt hé phuong trinh ty
hop cho phép xac dinh cac tham sé trat ty trang
thai ngung tu exciton va bién dang mang. Giai h¢
phuong trinh tu hgp, chung t6i xac dinh dugc su
phu thude cua tham sb trat tu trang thai ngung tu
exciton vao cuong do thé twong tic Coulomb va
hang s6 lién két dién tir - phonon. Tir d6, ching
t6i thiét lap gian d6 chuyén pha trang thai ngung
tu exciton trong mo hinh theo thé Coulomb va
nhiét do trong anh hudng cia tuong tac dién tu -
phonon. Nh¢ dé, burc tranh chuyén pha trang thai
ngung tu exciton cting nhu btrc tranh giao nhau
BCS - BEC trong h¢ dugc thdo ludn mdt cach
chi tiét.

Bai bao duoc chia thanh 4 phan. Trong phan
2, chiing 61 trinh bay md hinh Falicov-Kimball
hai chiéu mé rong khi co twong tac dién tir -
phonon. Trong phan nay, chung t6i ap dung 1y
thuyét truong trung binh cho mé hinh va rat ra hé
phuong trinh tu hop cho phép xac dinh tham s
trat tu trang thai ngung tu exciton. Két qua tinh
s0 va thao luan dugc trinh bay trong phéan 3. Cudi
cung, phan 4 1a két luan cua bai bao.
2. M5 hinh va Iy thuyét trwdng trung binh tinh

Trong khong gian xung lugng, Hamiltonian

cta mo hinh Falicov-Kimball m¢ rdng cé tuwong
tac dién tir - phonon duogc viét duéi dang sau:

H = Z(s o +al [ f )+ o, Zb*bq

Z ck|+q szi‘z q‘fi‘l
N ki,K;q

+%Z[c£l+q A (Bl +b,)+ He (1)

kq
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trong d6, hai s6 hang dau lan luot mo ta ning
luong cua hé dién tir & dai dan va nang lugng cla
16 trong ¢ dai hoa tri khi khong tuong tac, véi
c, (ck) 1 (fk ) tuong ung la céc toan tir sinh
(huy) dién tir ¢ va 16 tréng f khong spin mang
xung luong k; s6 hang thir ba mo ta phan dong
ning ciia phonon véi ning lugng khong tan sic
@, VOl b; (bq) 1a toan tir sinh va huy phonon tai
xung luong q. Trong gan dung lién ket chat, cac
hé thirc tan sic cho dién tir va 15 tréng lan luot
duoc cho boi:

el =& —ty -1 (2)

voi €/ 1a cc niang luong trén mot nut cta dién
tir ¢ va 16 trong f. Su khac nhau cua hai gia tri
nang luong nay cho muc d§ xen phu cua hai
dai nang lugng. t/ 1a tich phan nhdy nut, thong
thuong t' duoc chon nho hon dé chi bé rong dai
ning luong nay hep hon, thé hién 15 tréng trén
dai hoa tri kém linh dong hon di¢én tu trén dai
dan; y, = 2(cos k, +cos ky) chi budc nhdy trong hé
hai chiéu va p 1a thé hoa hoc.

Trong Hamiltonian (1), sé hang & dong thu 2
va dong thtr 3 1an lugt mo ta phan ning luong
tuong tac dién tir - 15 trong voi thé twong tac
Coulomb U va nang lugng tuong tac di¢n tu -
phonon véi hang sé lién két dién tr - phonon
g. N 1a s6 nat mang tinh thé. Ap dung 1y thuyét
truong trung binh tinh dé giai Hamiltonian (1),
ta gia thiét tai nhiét do du thap, cac exciton voi
xung lugng hiru han Q =(7,7) co thé ngung tu,
tuong Ung voi sO hang bi€u thi sy lai hoa gitra
dién tr va 16 tréng dugc xem la tham sb trat tu
trang thai ngung tu exciton d, = <c£+Q e > khac
khong. Gia thiét sy thang gidng la nhd dé co thé
bo qua, khi d6 Hamiltonian trong (1) dugc rut
gon thanh Hamiltonian trong gan ding truong
trung binh tinh

H,-=H_,+H ,, 3)
v6i phan dién tir

H, =Z[5£C.ick +&/ K1+ Aclo i +H.c.)] (4)
k

trong do

Ek&f — gl?f + Ui’lf’c, (5)
1a nang luong tan sic tai chuan hoa véi va tuong
ung 1a mat do dién tur c va f.

Trong phuong trinh (4), A dugc xéac dinh béi
g /. U
(bly +b4) - (6)

=

c6 chua s6 hang lai hoa gitra dién tir va 10 trong

A=

nén ciling dugc xem la tham s6 trat tu trang thai
ngung tu exciton.

Phan phonon trong Hamiltonian (3) 1a
=\Nh(bly +bgy) -, Y blb,, (7)
1 q
vo1 hé s6 / duoc cho boi

h =§Z(dk +H.c.), (8)
9 N k

bé thu dugc h¢ phuong trinh ty hop cho phép
xac dinh cac tham sd trat tu trang thai ngung tu,
trude hét ta tién hanh chéo héa Hamiltonian &
phuong trinh (3). Phan dién tir duge chéo hoa
béng phép bién doi Bogoliubov, vdi viéc dinh
nghia céc toan tir fermion maoi
afk = ukC£+Q + kaki )
a;k = _chllQ + ”kfkT- (10)
0 day, cac hé ) u, va v, dugc chon sao cho

théa man u] +v. =1. Con phan phonon dugc
chéo hoa néu ta dinh nghia toan tir phonon méi
Bl =bl +IN (h]@,)3 4 (11)
Hamiltonian (3) cubi cing dugc chéo hoa
hoan toan c6 dang

H ZZ[ kalkalk+§ka2ka2k]+a)OZﬁT q’ (12)
K

trong do, cac nang lugng trang thai gia hat dugc
cho bdi
1,2 _ 8 & + 8k+Q Sgn(
)

8k+Q) VVk ’ (13)
voi o s
A =[(8{ ~&ig) +4[4 } (14)
Twr Hamiltonian trong phuong trinh (12), ta
¢ thé xac dinh duoc tham sb trat tu trang thai
ngung tu exciton
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—r e I 2.4
4 =& -5 )1 (8)-1(8) ] 0s)

vamat do dién tur ¢ va fphu thudc vao xung luong

<clt+QCk+Q> = ulzf(gll)_vlff(gkz )> (16)
(Wh)=vr(&)-wr(&), (17)

vol f (fk) 12 ham phan b6 Fermi-Dirac. Tham
sO trat ty khac khong thé hién h¢ ¢ trang thai
ngung tu exciton.

Nhu vay, tr cac phuong trinh (5, 6, 15 - 17)
ta thu dugc hé phuong trinh tu hop cho phép xac
dinh tham sé trat tu trang thai ngung tu exciton
mg v6i mbi thé hoa u.

3. Két qua tinh s6 va thao luin

Trong phan nay, chiing t6i trinh bay cac két
qua tinh sb dé thao ludn anh huong cia thé
tuong tac Coulomb giita dién tir - 15 trong va
lién két dién tir - phonon 1én trang thai ngung
tu cta exction. Xuét phat tor mot ) gia tri ban
dau ctia d, va <bg> , ching t0i gidi s6 cac phuong
trinh ty hop & trén dé xac dinh tham so trat tu
trang thai ngung tu exciton cho hé hai chiéu véi
N =100x100 nut mang. H¢ ¢ trang thai ngung
tu exciton khi tham s trt ty khac khong. Trong

bai toan nay, chung t6i chon |¢t°| =1, 1a don vi cua

nang luong va tinh toan vai céac gia tri co dinh:

t' =03, -¢’ =2.5 va @, =2.5 trong ving
lap ddy mot nira, tirc 1a n°+n’ =1. Thé héa u
dugc thay d6i dé thoa man diéu kién nay. Céc
két qua tinh toan dugc thuc hién trong hé don vi

ning lugng tong quat /i =c = ky=1.

0.5

0.4 4

034

-

0.2

0.1

0.0 4L

Hinh 1. Tham s trat ty trang thai ngung ty exciton A nhu la
ham cua cudong do the Coulomb U véi cac gid tri khac nhau
cua hang s6 tuong tac dién tir - phonon g tai nhiét 46 7= 0.

Trudce tién, ching t6i biéu thi sy phu thudc cua
tham sd trat tu trang thai ngung tu exciton A vao
cuong do thé tuong tac Coulomb U tng voi céc
gia tri khac nhau cia hang s6 lién két dién tir -
phonon g & nhiét d 7= 0. Hinh 1 cho théy, dbi
vGi mot gid tri nhét dinh cta hang s6 lién két dién
tir - phonon g, tham s6 trat tu trang thai ngung tu
exciton A chi khac khong khi thé Coulomb c6 gia
tri trong khoang gitra hai gia tri toihan U_ va U ,.
Tang hang s lién két dién tir - phonon thi U, giam
trong khi U, tang, do do6 vung ngung tu exciton
duoc mo rong. Pac biét vol g = 0, tham s trat tu
ngung tu exciton chi phu thudc vao cudong do thé
tuong tac Coulomb va khi d6 Hamiltonian (1) tro
vé Hamilonian ctia mé hinh EFKM thuan tay dién
tu. Trang thai ngung tu exciton trong trudng hop
nay da dugc nghién ciru mot cach ky ludng trong
cac tai liu [7, 8, 13, 14]. Tang cuong do lién két
dién tr - phonon, vi du véi g = 0.6, dang di¢u cua
tham s trét tu exciton phu thudc vao U van khong
thay doi, trong khi d6 viing ngung tu exciton duoc
mo rong. RS rang thé Coulomb va lién két dién tir
- phonon hd tro nhau trong viéc hinh thanh trang
thai ngung tu cua exciton.

Pé tom tit vai tro cia tuong tic Coulomb
va hang sb lién két dién tir - phonon 1én trang
thai ngung tu cia exciton trong mé hinh EFKM
c6 xét dén tuong tac dién tir - phonon, tiép theo
chung toi thiét 1ap gian d6 pha trang thai ngung
tu exciton. Hinh 2 thé hién gian d pha ngung tu
exciton trong mit phang (T - U) Gng véi cac gia
tri khac nhau ciia hang s6 lién két dién tir - phonon
g. O nhiét do thap, ta luén tim thdy ving ngung
tu exciton ¢ gitra hai gia tri t&1 han ctia tuong tac
Coulomb U  va U, d6i voi bat ky gia tri nao cua
g. Tai g = 0, m¢t lan nita ta van xac dinh duogc
trang thai ngung tu exciton trong khoang gitra hai
gia tri t&1 han cua tuong tdc Coulomb. Véi U <
U ,, twong tac Coulomb gitra dién tir va 15 trong
hodc lién két dién tir - phonon khong du 16n dé
thiét 1ap trang thai lién két giira dién tir va 16 trong.
Khe ning luong khong ton tai va hé ¢ trong trang
thai ban kim loai. Nguoc lai, v6i U > U, khe
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Hinh 2. Gian d pha mé ta chuyén pha trang thai ngung tu cia excitons trong mét phang (T'- U) v6i
céc gia tri khac nhau ctia hang s6 lién két dién tir - phonon g. Pha ngung tu exciton ¢6 dang BCS
(X-BCS) dugc xac dinh bdi viung mau xanh hodc dang BEC (X-BEC) dugc chi ra bdi vung mau do.
Buong dut nét chi ranh gidi giao BCS - BEC cua trang thai ngung tu exciton. Trang thai phi trat tu
ban kim loai (SM) hoac ban dan (SC) duogc biéu thi béi ving mau xanh hodc mau cam.

nang luong dugc duy tri nhung khac véi trong
tu nhién, do su dich chuyén Hartree lam tach dai
dan va dai hoa tri ngan can su két hop dién tir - 16
tréng, vi vy hé 6n dinh trong trang thai ban dan.
Tang cuong do thé twong tac Coulomb tir U,
khe nang luong bat dau xuat hién va hé¢ 6n dinh
trong trang thai ngung tu exciton. Trong pham vi
tuong tac Coulomb nho nay, bé mit Fermi dong
mot vai trd quan trong ddi véi trang thai lién két
clia cac cap dién tir - 16 tréng. Do do, trang thai
ngung tu exciton c6 dang BCS, giéng nhu trang
thai siéu dan cta cac ciap Cooper. Tang cuong do
tuong tdc Coulomb hon nira, do sy dich chuyén
Hartree, cac exciton s€ ngung tu trong dang BEC
nhu céc boson thong thuong. Gian do pha dugc
dé cap o diy twong ty nhu gian do pha da dugc
thao luan trong [ 15]. Tuy nhién, trong truong hop
ctia chiing t6i, n6 duoc thao ludn mot cach chi tiét
hon véi cdu triic pha ctia ngung tu exciton dudi
anh hudng cua ca tuong tdc Coulomb gitra di¢n
tir - 1 tréng va twong tac dién tir - phonon. Tang

hang s6 lién két dién tir - phonon dan dén ca hai
dang ngung tu BCS va BEC dugc m¢ rong va
vi tri giao BCS - BEC dich téi gia tri U 16n hon.
Néu cuong do lién két dién tir - phonon du 16m,
vi du g > 0.8, trang thai ngung tu exciton co thé
dugc tim thiy ngay ca khi twong tic Coulomb
bang khong. Trong trudong hop nay, lién két dién
tir - phonon du 16n dé co6 thé gy ta trang thai lién
két cua cac cap dién tir - 16 tréng va sy ngung tu
exciton chi duogc diéu khién bai tuong tac dién
tur - phonon. Nhu vy, cd tuong tac Coulomb gitra
dién tir - 18 tréng va tuong tac dién tir - phonon
déu anh huong mot cach manh mé 1én sy ngung
tu exciton trong hé. Trong tat ca cac truong hop,
khi tang nhiét do, sy thang giang nhiét s€ pha
hay trang thai két cap cua dién tir - 16 tréng va
tham s trat tu trang thai ngung tu exciton giam.
Néu nhiét do 1én hon gia tri t&1 han cia qué trinh
chuyén pha trang thai ngung tu exciton, tat ca
cac cap dién tir - 16 trong s& bi pha huy va hé
6n dinh trong trang thai chét 1ong plasma dién tir
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- 16 tréng thong thuong. Két qua ciing cho thay
nhiét d6 t41 han chuyén pha trang thai ngung tu
exciton tang lén khi tdng cuong do twong tac dién
tur - phonon.
4. Két luan

Trong bai bao nay, ching t61 da khao sat anh
hudng cua ca thé tuong tic Coulomb gitta dién tir
- 15 trdng va hang sb lién két dién tir - phonon 1én
trang thai ngung tu exciton trong mé hinh Falicov-
Kimball m¢ rong c6 tuwong tac dién tr - phonon.
Bing viéc coi vai trd cua twong tac Coulomb giira
dién tir - 16 tréng va tuong tac dién tir - phonon nhu
nhau, ching t6i da suy ra mot hé phuong trinh tu
hop cho phép xéac dinh cac tham sd trat tw ngung
tu exciton. Giai hé phuong trinh tu hop, ching t6i
da biéu thi duoc su phu thudc ciia tham s trat tir
vao cudng do thé Coulomb va hang s6 lién két dién
tir - phonon trong trang thai co ban. Két qua tinh sb
cho thay tuwong tac Coulomb va twong tac dién ti -
phonon hd trg nhau trong viéc thiét 1ap pha ngung
tu exciton. Gian do chuyén pha trang thai ngung tu
exciton cia mo hinh ciing duoc biéu thi. Két qua
cho théy, v6i cuong do tuong tac dién tir - phonon
xac dinh, ta luén tim thiy trang thai exciton ngung
tu khi cuong do tuong tdic Coulomb c6 gia tri trong
khoang tir U t61 U, ngay ca khi g = 0. Khi tang
cuong do tuong tac dién ti-phonon, ving ngung tu
exciton dugc mé rong. Pac biét, néu hang s6 lién
két dién tir - phonon 16n hon gia tri t&i han thi trang
thai ngung tu exciton c6 thé dugc tim thiy ngay ca
khi khong c6 tuong tac Coulomb. Néu tuong tac
Coulomb nho thi trang thai ngung tu c6 dang BCS -
nhu dang ngung tu cua cac cap Cooper. Nguoc lai,
trang thai ngung tu s& c6 dang BEC néu tuong tac
Coulomb du manh. Khi U< U , h¢ 6n dinh trong
trang thai ban kim loai va ngugc lai khi U> U, h¢
chuyén sang pha ban dan théng thuong. Nhiét d6 téi
han ctia qua trinh chuyén pha ngung tu exciton ting
1én khi tang cuong do tuong tac dién tir - phonon.
Tuy thudc vao nhiét d¢ va tuong tac Coulomb, giao
nhau BCS - BEC cua trang thai ngung tu exciton
trong hé s& duoc thiét lap. Nhimg nghién ctu ki

ludng hon vé anh hudng cua nhiét do 1én trang thai
ngung tu exciton va su chuyén giao BCS - BEC

trong h¢ s€ 1a bai toan tiép theo cta ching t6i.
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Tom tat

Trong bai bao nay, cac mirc nang lugng cua céc ion lanthanide hoa tri hai trong vat li¢u Sr,B,O, da dugc tién doan bﬁng
cach sir dung mo hinh ba thong sb ctia Dorenbos. Vi tri cac mirc nang lugng cua ion lanthanide hoa tri hai dugc xac
dinh dwa vao phd phat quang cia ion Ce** cling nhu nang lugng cua dai truyén dién tich cua ion Eu®* trong cuing vat liéu
Sr,.B,0,. Két qua vi tri ndng luong ctia Eu** tinh toan tir 1y thuyét 1a phu hop voi két qua thuc nghiém thu tir pho phat
quang cua vat li¢u Sr,B,O:Eu*".

Tur khéa: Sr.B,O

37276

Abstract

In this article, the energy levels of divalent lanthanide ions in Sr,B,O, phosphors were predicted by using the three
parameters model suggested by Dorenbos. The energy level location of the divalent lanthanide ions was determined based
on the luminescence spectra of Ce** ion as well as the charge transfer energy of Eu’* ion in the same compound of Sr,B,O,.
The calculated energy by the three parameters model coincides with the experimental energy from the luminescence
spectra of Eu?* in Sr,B,O_:Eu?* phosphor.

37276

Europium, Cerium, cac mic nang luong, truyén dién tich

Keywords: Sr.B,O

.B,0,, Europium, Cerium, energy levels, charge transfer

Mé dau

Nghién ctru v€ vi tri cac mirc nang lugng

Gd,BaZnO,,Y,BaZnO,, La,BaZnO,, Gd,Si,0 N
[4, 5] va sulfide YPO, [2], cac nghién clru nay da
ctia ion lanthanide (Ln) d duoc thyc hién trong ~ duoc gioi thiéu trong nhiing nam gén day.

bé xac dinh duge vi tri cac muc nang luong
clia cac ion Ln?" trong mot hop chét 4 cy thé nao
d6 thi can biét cac nang luong E e D(A) va E,.
Trong do, E|, 1a nang luong chuyén doi dién tir tir

khoang hon mét thap ky tro lai ddy véi nhiéu
cong trinh chi tiét ctia Dorenbos [1 - 3]. Két qua
nghién ctru ciia Dorenbos da dua ra mo hinh ban
thuc nghi€ém gitp xac dinh cac muc nang lugng

cua cac ion lanthanide hoéa tri hai (Ln?**) cling nhu
hoa tri ba (Ln*") trong mot hop chat cy thé. Viéc
ap dung mo hinh ctia Dorenbos da dugc thuc hién
trén nhitng vat liéu tiém niang nhu 14 cac oxide

Email: hovantuyen@gmail.com

dinh vung héa tri 1én trang thai co ban 4/ cia ion
Ln?*. Gia tri nay c6 thé thu duoc théng qua ning
luong truyén dién tich E7 cta ion Eu®* trong
cung hop chit 4 [6]. D(4) 12 d dich chuyén do,
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tic 1a sy ha thp cia mutrc ning lugng 5d cua ion
lanthanide trong hop chit 4 so voi khi & trang
thai ion tu do [1]. Cubi cung, £, . la nang lugng
ving cam, gia tri nang lugng nay co thé thu duoc
tir phd hap thu hodc phd kich thich exciton.

Céc vat liéu nén chira thanh phan borate dung dé
pha tap cac ion Ln c6 loi thé vé sy don gian trong
viéc thay doi hop thac vat li¢u. Trong do, strontium
borate, Sr.B,O,, da duoc nghién ciru rat nhidu trong
hon 15 nam qua voi nhiéu két qua huéng dén ting
dung cho vat liéu sir dung trong cong nghé chiéu
sang. Hién nay, vat liéu nay van tiép tuc nhan duoc
su quan tdm cua cic nha khoa hoc thé hién qua
nhiéu nghién ctru duge cong bd trong ndm 2017 va
2018 [7 - 9]. Tuy nhién, chua thay cong bd nao dé
cap dén vi tri cac mic nang lugng trang thai hoa
tr1 hai cta cac ion lanthanide trong h¢ vat li¢u nay.
Nhoém nghién ctru cua ching t6i cling da gidi thiéu
mdt s6 két qua vé tinh chét quang cua Eu*, Eu®,
Tb* ciing nhu qué trinh truyén ning lugng gitra
mot s tam dat hiém trong hé vt liéu Sr,.B,O, trong
cac cong b trude day [10 - 12]. Do d6, dé mé rong
van dé nghién ctru cho h¢ vat li¢u Sr.B,O,, muc
tiéu ctia nghién ctru nay 1a xay dung duogc so do
vi tri mitc ndng lugng cla trang thai 4f” va 4f™'5d
cua ion Ln** troan mang nén Sr,.B,0, ché tao bang
phuong phap no dung dich.

Thuwe nghiém

Céac vat ligu Sr,.B,O, pha ta’p ion ‘Ln su dung
trong nghién ctru nay dugc ché tao bang phuong
phap nd dung dich sir dung uré 1am nhién liéu
chdy. Ba mau Sr.B,0, lan lugt pha tap Ce*
(1mol%), Eu**(1mol%) va Eu*(1mol%) dugc
tong hop tir cac tién chat ban dau bao gém
strontium nitrate Sr(NO,), (Merck), acid boric
H,BO, (AR), europium nitrate Eu(NO,), (Sigma)
va cerium nitrate Ce(NO,),(Sigma). Céac dung
dich chtra cac hop chat thanh phan dugc tron theo
ti 1€ hop thuc, sau d6 dugc thém uré NH N,O
(AR) véi lugng 5% so véi khéi lugng mau. Uré
dong vai tro vira 1a nhién liéu chay dé tao ra nhiét
dd thich hop cho qua trinh tao pha véat li¢u. Dung

dich dugc khudy va gia nhiét dong thoi ¢ 70°C
trong thoi gian khoang 2 gio dé tao gel. Tiép
theo, gel sau khi séy kho & nhiét d6 60°C duoc
dua vao 10 nung ¢ nhiét do 600°C trong thoi gian
khoang 5 phiit @ qua trinh nd xay ra, san phim
thu duoc & dang bot mau trang (Hinh 1).

Hinh 1. San phim sau qua trinh n6

Mau sau khi ché tao dugc khao sat ciu tric
bang phép do nhifu xa tia X (XRD) trén thiét
bi Bruker D8 - Advance (Germany). Tinh chét
quang va cac gid tri nang lugng dugc tinh tur
cac phép do phd phat quang (PL) va kich thich
phat quang (PLE) thuc hién trén h¢ do FL3-22
(Horiba Jobin - Yvon).

Cubng dd (dvtd)

W

Sr,B,0, (PDF#31-1343)
I|'|I'II'|I| lII'II'II'II I

s
20 25 30 35 40 45 50 55 60 65 70
20 (bg)

Hinh 2. Nhiéu xa tia X cua mau Sr,B,0 :Eu**

Két qua va thao luin
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Két qua nhidu xa tia X ciia mau Sr.B,O,:Eu’*
duoc trinh bay trén Hinh 2. Két qua cac dinh
nhidu xa tia X cta mau déu khép véi cac vi tri
dinh cta pha Sr,B,O, (PDF#31-1343). Nhu vay,
v6i dieu kién cong nghé ché tao da chon vat li¢u
tao pha tot, on tai pha Sr,.B,O, duy nhat thudc ciu
tric thombohedral.

) i) Sr,B,0,:Ce**

hey- 342 NM

Cuong do (dvtd)

N

T T — T T T T T N
250 300 350 400 450 500 550 600 650

Budc song (nm)
Hinh 3. Phé PL va PLE cua Sr,B.O :Ce**

Trén Hinh 3 13 phd PL ctia mau Sr,B,0,:Ce* kich
thich bang burc xa c¢6 budc song 342 nm va PLE thu
tai budc song 440 nm & nhiét do phong. Phd PL ¢6
dang dai rong kéo dai tir 350 - 600 nm véi cuc dai
vao khoang 440 nm. Pho PLE kéo dai tir 260 - 400
nm vi tri ctia cuc dai kich thich ndm & budce song 342
nm tuong ung voi nang luong 3,625 eV. Pay la gia
tri ning luong dién tir chuyén tir trang thai co ban 41"
1én trang thai 4/"'5d ciia ion Ce® trong mang nén
Sr,.B,O,. Theo m6 hinh cua Dorenbos, gid tri nang
lugng E(Ln’*,4) cua dién tir khi chuyén tir trang thai
co ban 4/ 1én trang théi kich thich 4/™'5d ctia ion
lanthanide hoa tri 3 trong hop chit 4 lién hé v6i ning
lugng cua nd khi ¢ trang thai ion tu do E(Ln’",Free)
da biét va do dich chuyén do D(Ln**,4) théng qua
biéu thirc nhur sau [1]:

E(Ln’",A)= E(Ln’" ,Free)—D(Ln’",4) (1)

Ap dung phuong trinh (1) véi gia tri da biét

gdm c6 E(Ce**,Free)=6,12 eV (49340 cm™) va
E(Ce™,Sr.B,0,) = 3,63 eV suy ra dugc gid tri
D(Ln**,Sr.B,0,)=2,49 eV. Day la nang luong
dich chuyén do cua ion Ln’* trong vat ligu
Sr.B.O

37276°

Bén canh d6, d6 dich chuyén do cua céc ion
Ln?* va Ln* trong ciing mdt hop chét A lién hé
v6i nhau thong qua biéu thirc:
D(Ln*",4)=0,64.D(Ln’*, 4)—0,233 (2)

Ap dung phuong trinh (2), gia tri niang luong
dich chuyén do ctia mirc 54 ctia ion Ln?* trong vat
liéu Sr.B,O, sé¢ duoc xac dinh D(Ln**,4)=1,36
eV. Vi gia tri D(Ln**,A) nay, nang lugng cua
dién tir chuyén doi tir trang thai co ban 4/” 1én
trang thai kich thich 4/"'5d cta ion lanthanide
hoa tri 2 E(Ln**, A) hoan toan xac dinh duoc bang
biéu thirc theo sau day:
E(Ln*,A)=E(Ln**,Free)—D(Ln**,4)  (3)

Véi E(Ln’*, Free) 1a gia tri nang lugng cua
ion Ln?* ty do d biét. V6i phuong trinh (3), hoan
toan xac dinh dugc ndng lwgng E(Ln*", Sr.B,0,)
(d¢ don gian ta ki hi¢u thanh E,) cho tit ca céc
ion Ln?*, két qua chi ra trén Bang 1.

Bang 1. Gia tri nang luong E_, E  va E_, d6i

v&1 nén SrSBZO6

n E, (eV) E, (eV) E(eV)
1 -2,32 9,69 7,37
2 -1,02 8,37 7,34
3 0,18 7,15 7,33
4 0,56 6,77 7,33
5 0,59 6,74 7,32
6 1,62 5,71 7,33
7 2,84 4,50 7,34
8 -0,49 8,82 8,32
9 0,55 7,62 8,17
10 1,11 6,78 7,89
11 1,14 6,73 7,86
12 1,08 6,93 8,00
13 1,81 6,17 7,97
14 3,08 4,97 8,05




104 Ho Vin Tuyén / Tap chi Khoa hoc va Céng nghé Pai hoc Duy Tan 6(31) (2018) 101-105

Sr,B,04 Eu**
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| Aex:394 NM

Cuong do (dvtd)
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Hinh 4. Phd PL va PLE cua mau Sr,B,O:Eu’

Pé c¢6 thé xac dinh duoc vi tri cac mirc nang
luong cua trang thai 4f” cling nhu 4/ 5d so véi
dinh vung hoa tri cua vat liéu thi ngoai gia tri
nang luong dich chuyén d() D(Ln’**,A) da co, mot
gi4 tri nang lugng khac can phai biét 1a E,. bay
la gia tri nang lu’O’l’lg dién tir chuyén tur dlnh vung
hoéa tri cia mang nén 1én trang thai co ban cua
céu hinh 4f" cua ion Ln?*. Nang luong nay dbi
véi ion Eu** da duoc chung minh ¢6 gia tri tuong
duong véi nang lugng chuyén doi dién tich (E<7)
ctia ion Eu®* trong cing mang nén [6]. Phép do
phé kich thich phat quang ctia ion Eu* cho phép
dé dang xac dinh dugc gia tri E7 ciing chinh 1a
gia tri £ v cua ion Eu** trong vat liéu. Pho PLE
thu tai btrc xa 612 nm va PL dudi kich thich 394
nm cta Sr,B,O:Eu’" duoc trinh bay trén Hinh
4. Céc btrc xa vach hep trong vung tir 320 - 580
nm thudc vé cac chuyén doi kich thich tir cau
hinh 7F 1én cac mirc cao cua ion Eu*, trong khi
doé cac dmh trong vung 570 - 750 nm thudc vé
cac chuyén doi phat xa °D, - 7F Dai rong ¢ 250
- 312 nm trén phd PLE dac trung cho qua trinh

truyén dién tich giita Eu*" véi mang nén c6 cuc

dai ¢ 275 nm, tir day tinh dugc gia tri £7=4,50
eV (chuyén doi 1 trong Hinh 5).

Mot khi biét dugc gia tri E7 ctia ion Eu®* thi
hoan toan co thé biét duoc cac gia tri E, cua cac
ion Ln?* trong cung hop chat thong qua m01 lién
hé sau day [6].

E, (Ln*, )= E“ (Eu’, A)+ AE“" (Eu’* ,Ln™)
4

Trong d6, AE"(Ew’*,Ln’*) khong phu thudc
vao hop chat va cé gia tri twong tng véi ting
ion lanthanide dugc tra tu tai liéu [6]. Su
dung phuong trinh (4), két qua E ), cua cac ion
lanthanide khac trong vat li¢u cling dugc trinh
bay trén Bang 1. Chon muc 0 eV ng vi vi tri
dinh cua vung hoa tri, két hop voi gia tri E by Va
E, s thu dugc gid tri mic nang luqrrlg 4f"'5d
(E.,) nhu trén Bang 1. Cac thong s6 nay cho
phép xdy dung nén gian d6 ning lugng nhu
trong Hinh 5. Tir Hinh 5 d& nhan thdy khoang
cach gitta mac 4f"'5d va 4f" cia mot s ion
lanthanide thuong dugc pha tap nhu la Tb, Dy,
Nd twong dbi bé, do d6 xac sut dé dién tir hoi
phuc nhiét tir mic 4/"'5d vé murc co ban 4" 1a
16n khi ¢ nhiét do phong. Piéu nay dan dén kho
quan sat dugc cac buc xa thudc trang thai hoa
tri 2 trong cac ion nay ¢ nhiét d§ phong. Trén
thuc té, cac birc xa thuong quan sat dugc cua
nhting ion nay ¢ nhiét do phong la & trang thai
hoa tri 3. Nguoc lai, khoang cach nay 1a 16n d6i
v6i ion Eu?* nén ta c6 thé quan sat dugc buc xa
nay, v6i két qua tinh toan tir mo hinh thi gia tri
ning luong nay vao khoang 2,84 eV. Dé kiém
tra gia trj ning luong nay, phd kich thich phat
quang cua Sr,B,O, :Eu*" thu tai burc xa 572 nm
dugc trinh bay trén Hinh 6. Pho kich thich phat
quang cua Eu?* c6 dang dai rong dac trung véi
cuc dai thip nhat (dinh kich thich c6 budc song
16n nhét) cta chuyén doi f-d & 435 nm (chuyén
doi 2 trén Hinh 5) tuong Ung voi nang lugng
vao khoang 2,85 eV. Két qua thuc nghiém nay
hoan toan phu hop véi két qua tinh toan tir Iy
thuyét 2,84 eV véi sai s6 vao khoang 0,4%.
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Hinh 5. Gian d6 c4c murc ning luong cia trang thai
co ban 4" va trang thai kich thich 4/ 5d thap nhat
cua ion lanthanide hoéa tri hai
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Hinh 6. Phé PL va PLE ciia mau Sr,B,O, :Eu**

Két luin

Hé mau gém cac vat lieu Sr,B, O Eu* (1
mol%), Sr.B,O :Eu*" (1 mol%), va Sr,B,O,:Ce**
(1 mol%), dugc ché tao thanh cong bang phuong
phap nd. Ap dung mé hinh ning lwong cua
Dorenbos da xay dung duoc so d6 ning luong

cho tét ca céc ion lanthanide hoéa tri hai trong vat
lif?:u Sr,B,O,. Két qua quan sé}t bang thyc nghiém
doi ion Eu?" 1a phu hop véi két qua tinh toan tur 1y
thuyét ciia mo hinh.
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Tém tat

Trong bai bao nay, chiing t6i trinh bay két qua vé viéc ché tao cac thanh nano ZnO bang phuong phéap thiry nhiét. Anh
hudng ciia ndng do tién chat 1én ciu trac nano ZnO da duge nghién ctru chi tiét bang cac phép do nhu nhidu xa tia X, tan
xa Raman, kinh hién vi dién tir quét cling nhu phd huynh quang. Cac két qua cho thay san pham dang thanh nano ZnO
tinh khiét v6i dudng kinh, chiéu dai kha ddng déu, mat do cao c6 thé thu duoc khi phat trién tinh thé trong dung dich &
ndng d6 0,05 M. Cac thanh nano thu dwoc c6 dudng kinh trung binh khoang 400 nm khi ché tao trong 5h. Cac day nano
da ché tao c6 chét lwong tinh thé tét va dugc chimg minh bang dinh huynh quang manh tng v6i chuyén mirc viing - viing
o budc song 380 nm.

Tuwr khoa: Thanh nano, ZnO, thuy nhiét, hiéu Gtng galvanic.

Abstract

In this paper, we present the results of synthesis ZnO nanorods by hydrothermal method. The effect of precursor
concentration on the structure of ZnO nanorods was investigated by Xray diffraction, Raman scattering, scanning electron
microscopy and fluorescence spectroscopy. The results show that nano product in form of ZnO nanorods with uniform
diameter and length, at high density can be obtained when growing nanorods at concentration of 0,05 M. The average
diameter of ZnO nanorods is 400 nm when the growing time is fixed at 5 hours. The as - prepared nanorods are pure with
high crystal quality as shown by strong band to band transmission in photoluminescence spectra of ZnO nanorods at 380
nm.

Keywords: Nanorods, ZnO, hydrothermal, Gavalnic effect.
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Gioi thiéu

Vit liéu ban dan da va dang thu hut dugc su
quan tam nghién ctru rong rai cua cac nha khoa
hoc trong va ngoai nudc nho nhirng trng dung to
16n cia nd trong cong nghé va cudc séng. Vatliéu
ZnO 1a chat ban dan thuoc nhém A"BY! ¢6 nhicu
tinh chat quy bau nhu: d6 rong ving cam 16n
(khoang 3,4 eV ¢ nhiét d6 phong), chuyén mirc
dién tir thang cho hiéu suat luong tir phat quang
cao, ning luong lién két exciton 16n (khoang
60meV)... ZnO da va dang dugc str dung trong
ché tao linh kién nhu: diot phat quang, photodiot
lam viéc trong ving phd tir ngoai gan & nhiét do
phong, man hién thi, bd loc song am, dién cuc
trong sudt trong pin mat trdi [1 - 7]... Hién nay,
¢6 nhiéu nghién ctru tap trung vao viéc tong hop
vat liéu ZnO ciu triic nano bdi nd co nhitng tinh
chét ki la, vuot troi so voi céc tinh chat cua vat
lidu khdi ma ngudi ta nghién ctru trude do.

Dic biét, trong nhitng ndm gan day, cac nha
khoa hoc trén thé gii dang tap trung nghién ctru
cAu trac nano mot chiéu (1D) cua vat liéu ZnO do
nhig cdu triic ndy c6 nhiéu tiém ning trong viée
ché tao mot thé hé linh kién méi. Cau trac day
nano ZnO c6 thé ché tao bang nhiéu phuong phap
nhu bdc bay, thiy nhiét, sol - gel...[8, 9]. Tuy
nhién, khong c6 nhiéu phuong phap c6 thé cho cac
day nano moc dinh huéng trén dé. Hon nita, dé tao
ra cac cdu trac ddy nano moc thang, dinh huéng
ctia ZnO, chung ta cin mot s6 loai dé don tinh thé
va c6 thé can thém nhiét d6 U cao, nhitng yéu cau
nay lam han ché kha ning tng dung cua cac cau
trac day nano dinh hudng cua ZnO.

Céc phuong phap ché tao dua trén dung dich rat
thich hop cho viéc san xuat cong nghiép vi chiing
c6 nhiét do thép, nhiét do ché tao thép, khong can
16p mam va than thién moi trudng. DE phat trién
céc thanh nano ZnO trén cac loai dé khac nhau,
mdt 16p mam thuong dwoc phi 1én dé dé nang cao
mat do va su lién két cua cac thanh nano. Mam 1a
cac tinh thé nano ZnO, thuong dugc ché tao bang
phuong phap sol - gel hodc sputtering. Dé dam

béo su két dinh céc hat nay lén bé mat dé, 16p mam
thuong phai dugce 0 ¢ nhiét do cao.

Trong bai bao nay, ching t6i st dung mot
phuong phap thiy nhiét c6 st dung hi¢u tmg pin
gavalnic dé ché tao cac day nano ZnO trén dé
dong vai vu diém 1a don gian va hiéu qua, kinh té.

Anh huong cua thoi gian thuy nhiét va ndng do
tién chat 1én cau triic nano ZnO da duoc nghién
ctru chi tiét bang cac phép do nhu nhiéu xa tia X,
tan xa Raman, kinh hién vi dién tir quét va phép
do tan xa ning luong ciing nhu phd huynh quang.

Thuc nghiém

=

CeHia Ny
+ —>

Zn(NO,),.6H,0

Bi tir

Dé
—

May khudy tir

Hinh 1. Qui trinh ché tao day nano ZnO bang phuong

phap thiy nhiét cé sir dung hi¢u ing pin Gavalnic

Nitrat kém (Zn (NO3)2.6H20) va hexa-
methylene-tetramine (HMT-C6H12N4) véi cac
nong d6 0,025; 0,050 va 0,080 M (nong do bio
hoa & 20°C) véi s6 mol trong duong duoc str dung
lam tién chat. Bé duoc treo trong dung dich véi bé
mat dé moc cac ddy nano ZnO dugc quay xudng.
Dung dich duogc gitr ¢ nhi¢t d6 90°C trong Sh.

HMT déu tién phan tng véi nude dé tao thanh
amoni theo phuong trinh (1):

(CH,){N,+6H,0 - 6HCHO+4NH, (1)

Sau d¢6 ammonium phan Gmg véi nude dé tao
thanh cac ion amoni va hydroxit theo phuong
trinh phan tng:

NH,+H,O — NH, + OH" (2)

Hydroxit phan mg véi cic ion kém dé tao
ZnO trén bé mat dé:

Zn** +20H" — ZnO+ H,0 (3)
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Dé duoc sir dung trong bai bao nay 1a dé dong
céc tAm bang mach in. Sau khi dugc rua va lam
sach 10p oxide trén bé mit bang dung dich HCI
5%, con va nudc cat, tim bang mach in s& duoc
boc mot 16p gidy nhom. Phan chinh giira dé duoc
dé tréng la noi cac thanh ZnO s€ duoc moc. Hi¢u
mg pin Gavalnic gitta dé Cu véi 16p nhom sé&
tang cuong qué trinh tao mam va két tinh cua céc
day nano ZnO. Sau khi ché tao, miu duoc rua
bang nudc cat va con, 1am kho trong khong khi.
Két qua va thao luin

Hinh 2 1a ph6é Raman cta cdc mau vat liéu
thu duoc khi ché tao v6i nong do tién chat 1a
0,025M; 0,05 va 0,08 trong 5h. Trong tit ca
cac phd thu duoc déu xuat hién dinh E2%et (&
438 cm™) lién quan dén dao dong cua mang
0. Ngoai 2 dinh chinh nay pho Raman cua céc
mAau con xudt hién thém 1 sé dinh c6 cuong do

738
Ez

high

w
o
N

Cuong do (d.v.t.y)

200 300 400 500 600 700 800
Do dich Raman (cm‘l)

Hinh 2. Ph Raman cua cac day nano ZnO ché tao

v6i cac ndng do tién chat khac nhau.

Hinh 3 1a phd huynh quang cta cac dy nano
ZnO ché tao & cac ndng do tién chit khac nhau.
Ph6 huynh quang ctia vat lidu ZnO thudng gdm
2 dinh, mot ¢ vung budc song 380 nm tng voi
chuyén murc viing - viing va mot dinh rong & viing
450 - 650 nm ung voi cac chuyén muc tim sau
lién quan dén cac sai hong trong mang tinh thé
ZnO nhu nat khuyét oxy, kém dién k&... Cudng
d6 twong dbi gitra 2 dinh nay 1a mot thong sd
thuong duoc sir dung dé danh gia chit luong tinh
thé cia mau ZnO. Pho huynh quang trong Hinh 3
cho thay, cudong d6 tuong dbi ciia dinh 380 nm va

nho nhung ciing déu phu hop voi cac cong bd
trudc day vé vat liéu ZnO. Vi du nhu dinh &
382 cm! 1a mode A1(TO), dinh ¢ 331 cm™ lién
quan dén ddi xtmg A1 [10]. Tuy nhién mau ché
tao voi néng d6 50 mM cac dinh tan xa Raman
c6 do sic nét cao hon, phan anh ring mau ché
tao voi néng d6 50 mM c6 chat lugng két tinh
tdt hon & cac nong do khac. Diéu nay cé thé
12 do nong d6 thap s& lam sb luwgng mam duoc
hinh thanh trong giai doan dau tién khong cao,
c¢6 dinh hudng khong tot lam anh huong dén qua
trinh phét trién cia cac day nano & giai doan
tiép theo va 1am cho chat luong tinh thé ctia miu
thu duoc & n6ng do 0,025M khong cao. Mau
ché tao & ndng d6 0,08 M (ndng d6 bao hoa) co
tbc d6 phat trién tinh thé 16n nén dan dén tinh
thé c6 thé chira nhiéu sai hong. Diéu nay duoc
thé hién & nén phé Raman cao d6i v6i cac mau
ché tao & ndng d6 0,025 va 0,08 M.

=
=
s
g 80 mM
£
o 50 mM
25 mM
400 500 600 700

Budc séng (nm)
Hinh 3. Ph huynh quang cua cac ddy nano ZnO
ché tao v6i cac ndng do tién chit khac nhau

dinh ving 500 nm dat cuc dai Gmg voi mau ché
tao vGi nong do tién chat 13 0,05 M. Cac mau ché
tao voi ndng d6 khac thé hién dinh huynh quang
O vung budc séng xanh kha manh, chirng té cac
sai hong trong vat li¢u thu duoc cdé mat do kha
16n. Cac két qua do huynh quang 1a thong nhét
v6i két qua do Raman d3 trinh bay.

Két qua nhiéu xa tia X ciing cho thdy san pham
thu dugc 1a ZnO tinh khiét. Gian d6 nhiéu xa cla
mau ché tao vai néng do 0,05 M duoc cho trong
Hinh 4. Gian do nay cho thay vat li¢u ZnO thu
dugc c6 dinh hudng uu tién theo hudng (002).
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Tt ca cac dinh nhiéu xa thu dugc déu khép voi
gian d6 chuan ctua ZnO mang lyc gidc wurtzite.
Hang s6 mang ciia mau thu duoc 1a a = 0,324 nm
va ¢ = 0,522 nm, khép vdi cac cong bd trude day
vé vat liéu ZnO [11, 12].
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600 - Cu

Cudng dé (xung/s)

400 |

(101)

200 (102)

(100)
0 - )
30 35 40 45 50 55 60
20 (d0)

(103)

Hinh 4. Gian df)‘ nhiéu xa tia X cua mau ZnO ché tao
v&i nong dg tien chat 1a 0,08 M.

Hinh 5. Anh SEM cua cac day nano ZnO thu duoc
véi nong do tien chat 1a 0,08 M.

Anh SEM cua cac day nano ZnO di ché tao
dugc cho trong Hinh 5. Cac day nano thu duoc
c6 dinh hudng uu tién vudng goc voi dé, mat do
day thu duoc 16n, v6i duong kinh thay dbi trong
khoéang ttr 50 - 400 nm.

Két luan

Chuing t6i da ché tao thanh cong cac day nano
ZnO bang phuong phap thuy nhiét két hop voi
hiéu ung Galvanic. Cac day nano thu dugc co
chét lugng tot nhat khi ché tao trong 5h v6i ndng
d6 tién chat 1a 0,05 M. Céc dy nano ZnO c6 cau
tric luc giac, mat dg cao, duong kinh 50 - 400 nm.
Chét lugng tinh thé cua céc day da ché tao duoc
ching minh bang dinh Raman dic trung cho vat

liéu ZnO va dinh huynh quang tmg vé&i chuyén

muc vung - vung ¢ bude song 380 nm. Cac day

nano di ché tao bang phuong phap nay cé tiém
nang mo rong qui mo ché tao dé ung dung trong
cac linh vuc sensor va dién tur gia thanh ré.
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Tém tat

Chi Vién chi (Polygala) duoc coi 1a mot chi twong dbi 16n trong ho Vién chi (Polygalaceae) véi khoang 500 loai khac
nhau. Dya trén sy da dang vé thanh phﬁn loai trong chi ma da co rat nhiéu cong trinh nghién ctru dugc thyuc hién, tir do
xac dinh duoc trong chi c6 cac hoat chat quy nhu flavonoid, saponin triterpen, cac hop chét xanthon, polysaccharid, cac
hop chét phenolic va mot sb hop chit khac c6 tac dung duogc Iy. Bai viét nay trinh bay khai quat vé mot s6 thanh phan hoa
hoc chinh ctia mot s loai tiéu biéu trong chi Polygala.

Tir khéa: Polygala, Vién chi, flavonoid, xanthone, thanh phén hoa hoc.

Abstract

Polygala is considered to be a relatively large genus in the Polygalaceae family which contains approximately 500
different species. Many studies have been conducted on this genus based on its variety and the results showed that it
contains a lot of precious compounds such as flavonoids, saponins triterpenes, xanthones, polysaccharides, phenolic
compounds and some other compounds which have pharmacological effects. This study reviews several major chemical

components of typical Polygala species.

Keywords: Polygala, chemical components, flavonoid, xanthone.

I. Giéi thi¢u

Chi Vién chi (Polygala) 13 mot chi twong dbi
16n va da dang trong ho Vién chi (Polygalaceae)
v6i khoang 500 loai da duge tim thay. Tat ca cac
loai déu 1a cay than thao, phan bd rai rac ¢ cac
vung c6 khi hau nhiét nhi¢t doi, can nhiét déi va
ving khi hau 6n d6i 4m trir New Zealand. Tuy
nhién, noi phan bd chinh cta cac loai trong chi
lai & cac ving Trung - Nam My, Bic My va Nam
Phi v6i sy da dang loai nhiéu nhat so véi cac noi
khac trén thé giéi. O chau A, cac loai thudc chi

Email: nguyenhuythuan@dtu.edu.vn

Polygala dugc tim thiy nhiéu ¢ Viét Nam, Trung
Quéc, Pai Loan va Nhat Ban [1]. O Viét Nam
hién da tim thay 24 loai thudc chi Polygala, trong
d6 ¢o 13 loai da dugc dung lam thube gdm P
chinensis, P. tricornis, P. crotalarioides, P. fallax,
P arvensis, P. arillata, P. persicariaefolia, P.
paniculata, P. glomerata, P. japonica, P. saxicola,
P. sibirica va P. wattersii [2]. Nhitng loai nay
phan b6 cha yéu & cac ving ndi thip thudc khu
vuc Tay Bic nhu & cac tinh Lao Cai, Ba Vi hay &
khu viuc Nam Trung B6 - Tay Nguyén nhu Pong
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Nai, Da Lat, dic biét con ¢6 ¢ dao Pha Qudc [3].
Mot s loai thude chi Polygala duge thé hién &
Hinh 1[4].

7

P. erioptera

P. helenae P. sinisica

Hinh 1. M6t s6 loai thudc chi Polygala [4]

Céc loai thudc chi Vién chi 13 cay than thao ua
sang, thudng moc trén dat am xen l4n trong cac
dam cé moc ven rimg, nuong riy & cac ving nui.
Ngoai ra, nhimg loai ndy ua khi hdu 4m mét nén cay
chi xuét hién vao mua xuan - hé. Vao cudi mua he,
sau khi cdy ra hoa két qua, cdy s& gia va lyi tan, chi
dé lai hat. Téi mua xuén - hé nam sau, hat s& nay
mam va phat trién thanh cay, tiép tuc vong doi [1].

Theo hé théng phan loai cia Takhtajan (1987),
chi Polygala c6 vi tri phan loai nhu sau (Hinh 2):

Gi¢i Thyc vat bic cao
(Plantae)

L.

Nganh Ngoc Lan
(Magnoliophyta)

Lép Ngoc Lan
(Magnoliopsida)

Bo6 Piu
(Fabales)

Ho Vién chi
(Polygalaceae)

Hinh 2. Vi tr chi Vién chi trong bang phan loai hé thong
thuc vat cua Takhtajan [5]

II. Thanh phan héa hoc chii yéu ciia cac loai
trong chi Vién chi

Chi Vién chi 1a mot chi 16n vé&i sy phong phti
va da dang vé thanh phan loai. Véi sé luong
loai 16n, nhiéu cong trinh khoa hoc da duoc
thuyc nghiém trén céc loai thude chi nay. Tur dich
chiét 1& hodc than cdy cia nhiéu loai trong chi
Polygala, cac nha khoa hoc d3 phan lap duoc rat
nhiéu hop chat hoa hoc, dugc phan thanh 6 nhom
chinh sau:

- Céac hop chét flavonoid: rutin, quercetin,
kaempferol, linarin (Hinh 3)

- Cac hop chat xanthone: 3-hydroxy-1,4-

dimethoxy  xanthone; 1,6,7-trihydroxy-2,3-
dimethoxy xanthone; 1,7-dihydroxy-2,3-
methylendioxy xanthone;... (Hinh 4)

- Cac hop chat saponin triterpenoid:

polygalasaponin va reinioside C (Hinh 5)

- Cac hop chat polysaccharide: fallaxose A-E,
senegose G (Hinh 6)

- Céc hop chat phenolic: polygalolide A va B
(Hinh 7)

- Cac hop chat khac : tenuiphenone A, B, C va
D (Hinh 8)

1. Cdc hop chit flavonoid

Flavonoid 1a mét trong cac hop chét dugc tim
thiy khi phan 1ap dich chiét tir r& cua cac loai
thudc chi Polygala. Nhitng hop chit nay duoc
biét dén véi kha ning khang viém va chéng oxy
héa manh. Nho dic tinh ndy ma nhiéu hop chat
flavonoid tr Polygala da duogc st dung trong
diéu tri cac bénh viém nhidm, ngan ngira su phat
trién cac té bao ung thu va chdng 1o hoa [6]. Mot
s6 hop chat flavonoid dugc tim thiy trong dich
chiét ré cac loai thudc chi Polygala dugc thé hién
trong Bang 1.
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Bang 1. Mot s6 hop chat flavonoid trong mét sé loai thude chi Polygala

STT Loai Hop chét flavonoid Tai liéu
tham khao

1 | Polygala caudata Dihydroquercetin, quercetin [7]

2 | Polygala tenuifolia | Isorhamnetin-3-O-B-D-glucopyranoside, isorhamnetin-3-O-f-D- [8]
galactopyranoside,  quercetin-3-O-B-D-glucopyranosyl ~ (1—2)-p-D-
galactopyranoside,  quercetin-3-O-B-D-glucopyranosyl  (1—2)-B-D-
glucopyranoside, linarin, quercetin-3-O-B-D-glucopyranoside,
5,7-dihydroxy-8-methoxyflavone-7-O-f-D-glucuronoside, isorhammnetin,
kaempferol, quercetin.

3 | Polygala sibirica Polygalin A, polygalin C, polygalin D, polygalin E, polygalin F, polygalin [9, 10]

G, polygalin H, polygalin I, kaempferol, rhamnocitrin, rhamnetin,
ombuine, ermanin-3-O-B-D-glucopyranoside, ombuine-3-0-B-D-
glucopyranoside, ombuine-3-O-B-D-galactopyranoside, rhamnocitrin-3-

O-B-D-glucopyranoside, rhamnocitrin-3-O-p-D-galactopyranoside.

4 | Polygala paniculata | Rutin.

5 | Polygala japonica

Polygalin A, polygalin B, polygalin C; 3,5,7-trihydroxy-4’-
methoxy-flavone-3-0O-B-D-galactopyranoside; 3,5,3’-trihydoxy-
7,4’-dimethoxyflavone-3-O-p-D-galactopyranoside;
3,5,3’,4’-tetrahydroxy-7-methoxy-flavone-3-O-3-D-galactopyranoside;
3,5,3’,4’-tetrahydroxy-7-methoxy-flavone-3-O-B-D-glucopyranoside.

T Bang 1 ¢ phia trén da cho thdy mot sb
loai thudc chi Polygala khi nghién ctiru da tim
ra dugc mot sb hop chat flavonoid quan trong
chura trong thanh phﬁn vi du nhu rutin, quercetin,
kaempferol, linarin (Hinh 3). Trong do, hoat chét
rutin dugc tim thdy ¢ loai P, paniculata d3 dugc
ching minh la mot flavonoid c6 déc tinh dugc 1y
manh v&i kha nang chdng oxy hoa, khang khuan.
Ttr d6, cac nha khoa hoc da nghién clru va ung
dung rutin vao diéu tri mot s6 bénh man tinh nhu
ung thu, bénh ting huyét ap, ting cholesterol
mau, bénh tiéu dudng, v.v [13].

Quercetin 1a mot flavonoid ty nhién ciing c6
hoat tinh chdng oxy héa manh. Nhiéu cong trinh
da chiing minh quercetin c6 tac dung khang viém,
ha huyét ap, gian mach va lam giam cholesterol
mau, chdng xo vita ddng mach. Qua d6 quercetin
dugc ung dung trong viéc phong va chita cac
bénh tim mach ¢ nguoi [14].

Kaempferol 1a mot chat chéng oxy hoa thudce
nhom polyphenol, thuong c6 trong cac loai trai

cdy va rau qua. Mot sd nghién ciru da chi ra rang
viéc bd sung kaempferol trong khau phan in
hang ngay co thé gitp co thé loai bo bét cac gbe
tu do [15]. Bén canh d6, kaempferol con duogc
thir nghiém dé ngan chdn sy phat trién cta cac
té bao ung thu nho kha ning kich thich qua trinh
apoptosis (qua trinh tw chét theo chu trinh cua té
bao), su tao mach, han ché viém va di cin cua té
bao ung thu. Tir ddy c6 thé mé ra nhiing hudng
nghién ctru khac trong viéc phat trién cac thude
diéu tri ung thu & nguoi [16].

Linarin, mot hop chat flavonoid da duoc
ching minh 1am sang c6 kha ning khang viém,
bao vé than kinh va tim mach nhé tac dung khang
khuan va chéng oxy héa manh. Bén canh d6, da
¢6 nghién ciru trén chudt chirmg minh rang linarin
lam giam cac t6n thuwong gan gdy ra do ham
luong cholesterol cao trong khau phan in hang
ngay. T d6 phat trién huéng nghién ctru va su
dung linarin trén ngudi dé lam giam tinh trang
gan nhiém md, bao vé strc khoe [17].
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Quercetin

Kaempferol

Hinh 3. M6t s6 hop chét flavonoid trong chi Vién chi (Polygala) (Theo Pubchem)

2. Cac hop chit xanthone

Céc hop chét xanthone duoc coi 1 mot trong cac
hop chit chinh dwoc phén lap tir cac loai thudc chi
Vién chi. Nhiéu bai bao, cong trinh khoa hoc da chi
ra cac hop chét xanthone c6 cac dic tinh sinh hoc
day hira hen, nhu hoat tinh chéng ung thu, chdng
sot rét, khang khuan, khang viém, chdng co giat hay
tham chi la cé kha nang khang HIV. Vi vay viéc

phan 1ap cac hop chat xanthone tir ty nhién hay tong
hop nhan tao déu thé hién tiém ning to 16n trong
linh vuc héa duge, didu ché thudc hién dai [18].
Mot sb hop chat xanthone duoc phén lap tir cac loai
thudc chi Polygala dugc thé hién trong Bang 2 va
cong thic tong quat ciing nhu dan xuit ciia mot
s6 hop chat xanthone duoc tim thay trong cac loai
thudc chi Polygala (Hinh 4 va Bang 3).

Bang 2. Mot s hop chét xanthone trong cac loai thudc chi Vién chi

wubangziside B

STT Loai Hop chit xanthone Tai liéu
tham khio
1 Polygala caudata euxanthone ( 1,7-dihydroxyxanthone), gentisein [7,19]

(1,3,7-trihydroxyxanthone), wubangziside

A (euxanthone-7-O-B-D-apiofuranosy-(1-6)-p- D-glucopyranoside),

(euxanthone-7-O-B-D-glucopyranside), 1,3-dihydroxy-2-
methoxyxanthone; lancerin (1,3,7- trihydroxyxanthone-4-C-f3-
D-glucopyranoside); neolancerin (1,3,7-trihydroxyxanthone-
2-C-B-D-glycopyranoside); 7-hydroxy-1-methoxyxanthone;
2-hydroxy-1,6,7-trimethoxyxanthone; 7-hydroxy-1,2-dimethoxyxanthone




114 N.H.P.Thdo, N.T. Trung, N.H.Thuan / Tap chi Khoa hoc va Céng nghé Pai hoc Duy Tan 6(31) (2018) 110-119

2 Polygala japonica | 1,7-dihydroxy-3,4-dimethoxyxanthone; 3,6-dihydroxy-1,2,7-
trimethoxyxanthone; 3,7-dihydroxy-1,2-dimethoxyxanthone;
1,2,7-trihydroxy-3-methoxyxanthone; 7-hydroxy-1-methoxy-2,3-
methylenedioxyxanthone; 7-hydroxy-1,3 dimethoxyxanthone;

1,3,7-trihydroxyxanthone; 1,3-dihydroxy-2,5,6,7-

tetramethoxyxanthone

[12, 20]

3 Polygala paniculata | 1-hydroxy-5-methoxy-2,3-methylenedioxyxanthone; 1,5-dihydroxy-

2,3-dimethoxyxanthone

(21]

4 Polygala tenuifolia | polygalaxanthone I1I; polygalaxanthones IV-VII; polygalaxanthones

VIII-XT; sibiricoxanthone B; 7-O-methylmangiferin; lancerin

[19, 22]

5 Polygala fallax 1,7-dihydroxy-2,3-methylenedioxyxanthone; 1-methoxy-2,3-
methylenedioxyxanthone; 3-hydroxy-1,2-dimethoxyxanthone;
1,6,7-trihydroxy-2,3-dimethoxyxanthone; 7-hydroxy-1-methoxy-
2,3-methylenedioxyxanthone; 1,3-dihydroxy-2-methoxyxanthone;
1,3,7-trihydroxy-2-methoxyxanthone; 3-hydroxy-1,4-
dimethoxyxanthone; 1,3,6-trihydroxy-2,7-dimethoxy xanthone;
1,3-dihydroxy xanthone, 1,8-dihydroxy-2,7-dimethoxyxanthon,
1,7-dihydroxy-4-methoxy xanthone

[23, 24]

6 Polygala sibirica Lancerin; 6-hydroxy-1, 2, 3, 7-tetramethoxyxanthone; 1, 3, 7-trihydroxy-
2-methoxyxanthone; onjixanthoneII; 1, 2, 3, 6, 7-pentamethoxyxanthone;

sibiricaxanthones A; sibiricaxanthones B

[19, 25]

R, 0 Rg
R, R,
O
R; 0 R, <
R, ° 0
Cong thirc tong quat 1 Céng thirc tong quét 2

Hinh 4. Cong thirc tong quat ciia mot s6 hop chat xanthone c6 trong chi Polygala

Bang 3. Cac dan xuét ciia hop chat xanthone duoc tim thiy trong chi Polygala

X/

% Dbi voi cong thire tong quat 1:

Hop chét xanthone R, R, R, R, R, R, R,
3-hydroxy-1,4-dimethoxy xanthone OCH, H OH OCH, H H H
1,3,6-trihydroxy-2,7-dimethoxy xanthone | OH OCH, OH H OH OCH, H
1,3-dihydroxy-2-methoxy xanthone OH OCH, OH H H H H
3-hydroxy-1,2-dimethoxy xanthone OCH, OCH, OH H H H H
1,6,7-trihydroxy-2,3-dimethoxy xanthone | OH OCH, OCH, H OH OH H
1,3,7-trihydroxy-2-methoxy xanthone OH OCH, OH H H OH H
1,3-dihydroxy xanthone OH H OH H H H H
1,8-dihydroxy-2,7-dimethoxy xanthone OH OCH, H H H OCH, OH
1,2, 3, 6, 7-pentamethoxy xanthone OCH, OCH, OCH, H OCH, OCH, H
1,7-dihydroxy-3,4-dimethoxy xanthone OH H OCH3 OCH3 H OH H
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< Dbi véi cong thire tong quat 2:

Hop chat xanthone R, R,
1,7-dihydroxy-2,3-methylendioxy xanthone OH OH
7-hydroxy-1-methoxy-2,3-methylendioxy xanthone OCH, OH
I-methoxy-2,3-methylendioxy xanthone OCH, H

3. Hop chit saponin triterpenoid

Ngoai cac hop chat flavonoid va xanthone
thi khi phén lap dich chiét ciia mot sd loai thude
chi Polygala ngudi ta con tim thdy cac hop chét
saponin triterpenoid. Nhitng hop chit nay di duoc
chimg minh c¢6 kha ning chdng oxy hoa, gitip han

ché cac gdc ty do, dong thoi chung con c¢6 kha
nang lam giam lugng cholesterol trong mau va
lam tang chuyén hoa lipid trong co thé, tir 6 giam
hién tugng xo vira dong mach [6]. Mot ) hop
chat saponin triterpenoid dugc phan lap tir ba loai
thudc chi Polygala dugce thé hién trong Bang 4.

Béng 4. Mot s6 hop chat saponin triterpenoid duoc phén 1ap trong chi Polygala

medicagenic acid 28-O-{B-D-xylopyranosyl (1-4)— [B-D-apiofuranosyl
(1-3)]-0-L-rhamnopyranosyl (1-2)-p-D-glucopyranosyl} ester; 3-O--
D-glucopyranosyl 2-oxo-olean-12-en-23,28-dioic acid 28-0-{p-D-
xylopyranosyl (1-4)—[B-D-apiofuranosyl(1-3)]-a-L-rhamnopyranosyl
(1-2)-B-D-glucopyranosyl} ester; polygalasaponin V

STT Loai Hop chip saponin triterpenoid Tai liéu
tham khao
1. Polygala 3-0-B-Dglucopyranosyl bayogenin 28-O-B-D-xylopyranosyl (1-4)-a-L- [26]
Japonica rhamnopyranosyl (1-2)-p-D-glucopyranosyl ester; 3-O-f-D-glucopyranosyl

fucopyranosyl ester; 3-O-B-D-glucopyranosyl-(1-->2) -B-D-glucopyranosyl
presenegenin 28-0O-B-D-xylopyranosyl-(1-->4) -a-L-rhamnopyranosyl-(1-->2)
-(3-O-acetyl)-p-D-fucopyranosyl ester; 3-O-f-D-glucopyranosyl-(1-->2)
-B-D-glucopyranosyl presenegenin 28-O-3-D-xylopyranosyl-(1-->4)
-a-L-rhamnopyranosyl-(1-->2) -(4-O-acetyl) -p-D-fucopyranosy! ester;
3-0-B-D-glucopyranosyl-(1--2) -B-D-glucopyranosyl presenegenin 28-O-[3-
D-xylopyranosyl-(1-->4 ) -a-L-rhamnopyranosyl-(1-->2 ) - (3,4-diacetyl)
-B-D-fucopyranosyl ester; reinioside C

2. Polygala Polygalasaponin XXVIII; onjisaponin TG; onjisaponin V; onjisaponin L; [27]
tenuifolia onjisaponin W; onjisaponin TH; senegin III

3. Polygala 3-0-B-D-glucopyranosyl-( 1--> 2) -B-D-glucopyranosyl presenegenin [28]
fallax 28-0-B-D-xylopyranosyl-(1-->4 ) -o-L-rhamnopyranosyl-(1-->2 ) -B-D-

Polygalasaponin V

Reinioside C

Hinh 5. Cong thirc cu tao ciia Polygalasaponin V & loai P. japonica va Reinioside C & loai P, fallax
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4. Cac hop chit polysaccharide

Fubin Zhang va cong su khi nghién ctru dich
chiét tir r& cuia cdy P tenuifolia da phat hién mot
polysaccharide c6 cau triic gan giéng protein
tyrosine phosphate (PTP) [28]. Tur day cac nha
khoa hoc da danh gia tac dung duoc 1y cua nd va
thay rang polysacchride PTP c6 thé trc ché dang ké
sy phét trién cua té bao ung thu budng trimg nhd
kha ning tac dong dén qua trinh apoptopsis cta té
bao ung thu. Vi vy viéc nghién ctru polysaccharide
nay da mo ra cac chién luoc diéu tri méi trong diéu
tri ung thu budng trimg ¢ nguoi [29].

O loai P, fallax, Dongming Zhang va cong sur

da phan 1ap duoc mot sd oligo polyestersaccharide
nhu fallaxose A-E, reiniose D, senegose G,
tenuifoliose C va tenuifoliose P. Céc oligo
polyestersaccharide 1a cac din xuat ciia cinnamic
acid sugar ester (CASED). Trong cdu tric cua
CASED c6 mét hodc nhiéu nhom phenylacrylic
(Ph-CH = CH-CO-) hoic céc din xuit cua ching
lién két voi cac bo khung carbon khéng anomer
ctia phan glycosyl thong qua céc lién két ester.
Vi sy da dang vé cic truc nhu vay nén céc
CASED c6 cac tac dung duoc 1y dang chu y nhu
kha ning chong trim cam, chong ung thu, chéng
oxy hoa, chéng viém va chdng virus [30].

R, R, Ry Ry
Fallaxosc A H H Glc Fallaxose C p-coumaroyl H  p-coumaroyl H
Fallaxose B Ac  Glc H Fallaxose D feruloyl H  p-coumaroyl H
Fallaxose E H feruloyl feruloyl  Glc
0
MeO \

HO.

HO AcO o
)
HO
HO

Gle
H Q
HO Ok a
0.
/ OMe
0
H
H

Senegose G

Hinh 6. M6t s6 oligo polysaccharide phan phan tir loai P. fallax [30]

5. Hop chit phenolic

Yukinobu Ikeya va cong su di tim thdy & loai
P. tenuifolia bdn hop chat phenolic glycoside
moi do 1a tenuifoliose A, B, C va D [31]. Lé Ba
Vinh va cong su cling da tim thém dugc mat )
hop chat phenolic ¢ loai nay nhu glomeratose

A, 3'-O- (O-methylferuloyl) sucrose, sibiricose
AS, 4-0-benzoyl-3'"-O-(Omethylsinapoyl)
sucrose, 6-0-(0O-methyl-pbenzoyl)-3'-O-(O-
methylsinapoyl) sucrose, arillanin A va 6,3'- di-
O-sinapoylsucrose. Nhitng hop chit nay c6 kha
nang trc ché hoat tinh enzyme hydrolase epoxide
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hoa tan (SEH), 1a mdt enzyme xtc tac thuy phan
acid epoxyeicosatrienoic gay nén hién tugng trc
ché yéu t6 hoai tir ctia khdi u. Vi vay phan lap
duogc cac hop chét phenolic tir ty nhién c6 vai tro
rat 16n trong viéc diéu tri khéi u & nguoi [32].
Nam 2003, Wenzhe Ma va cong sy da phan lap
tir loi P, fallax dugc hai hop chat phenolic trong
thanh phan dich chiét cua cdy 1a Polygalolide A

va B [33]. Phan tich phd rong hai hop chat nay
cho thiy trong ciu tric phan tir ciia chung co su
két hop véi mot cau tric tetracyclic nho dic biét,
dugc dic trung boéi mot oxabicyclo - by khung
octanone. Tur d6 ma loai P. fallax hay duogc st
dung trong dan gian dé 1am thudc bd hodc thude
c6 kha nang khéng histamin [34].

Polygalolide A : R=H
Polygalolide B : R = OCH;

Hinh 7. Hai hop chét phenolic da phan lap tir loai P, fallax [33]

6. Céc hgp chit khac

Ngoai cac hop chat chinh dugc liét ké & trén
thi trong thanh phé‘ln héa hoc & dich chiét cac bd
phan ré, than céc loai thudc chi Polygala con tim
thidy mot s6 hop chit c6 hoat tinh sinh hoc khac.
Chéng han & loai P. tenuifolia va P. senega, cic
nha khoa hoc da tim thdy thém bdn hop chat moi

O OH
O )
R{ R,
Rs R3
R1 R2 R3 R4

c6 tén tenuiphenone A, B, C va D. Nhitng hogp
chat nay di duoc sir dung dé ngin ngira ching
mat tri nhé & nguoi [19]. Hay & loai P, bolivensis
da tim thay hop chat c6 tén poligalen. Chat nay
hién dang duoc tiép tuc nghién ctru boi né c6 kha
nang chdng viém tiém ning [35].
HO OH
(CHp)n

OH O

RS

Tenuiphenone A H Rha(1->2)GlcO H MeO
Tenuiphenone B Glc  OH Glc OH

H Tenuiphenone C: n=19
OH

Tenuiphenone D: n= 21

Hinh 8. M6t s6 hop chét khéc trong chi Polygala [19]

I11. Két ludn
Tir nhitng nghién ctru vé thanh phan hoéa hoc
cua cac loai thugc chi Polygala, cac nha khoa

hoc phan lap ra dugc nhiéu hgp chat hoa hoc véi
nhiéu tac dung c6 lgi cho doi song cling nhu stic
khoe ctia con ngudi. Trong khi d6, hién van con
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rat nhiéu loai trong chi méi chi dugc biét dén ma
chua c6 nghién ctru cu thé. Vi vay, van dé dat
ra 13 can tiép tuc nghién ciru ¢ nhing loai khac
trong chi Polygala dé c6 thé phén 1ap thém duoc
nhiéu hop chat hoa hoc quy, giup nang cao hiéu
qua trong vi¢c phong va bao v¢ strc khoe cua con
nguoi trong tuong lai.
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