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2.6 qUUSSUIATUMKY
2.6.1. SUUSTUUSIESU (MU28 Um)

s1wazdunsIesu Yaudszanw
2565 2566 2567 2568 2569
AsTIulliaunTAne 1,192,000 | 2,384,000 3,576,000 4,768,000 | 4,768,000
UUTTUMILHUAY 200,000 |- 200,000 200,000 200,000 200,000
FWTETU 1,192,000 | 2,584,000 3,776,000 4,968,000 | 4,968,000

2.6.2. QUUszUSIwIY (Wdae )

N2 {U Usuuszana
2565 2566 2567 2568 2569
1. suaniiung
- MUIAAIRDULNY 250,000 250,000 250,000 250,000 250,000
- vunAdaes 800,000 1,000,000 1,200,000 1,500,000 1,500,000
- MUINATIER 300,000 450,000 600,000 750,000 750,000
- uafag saUlng 100,000 100,000 100,000 100,000 100,000
2. qUAYu
- NIAATAN 1,000,000 1,200,000 1,200,000 1,200,000 1,200,000
S.Ima‘ﬂmgu
- MUARAIUTUAAINT 300,000 300,000 300,000 300,000 300,000
5US8IW 2,750,000 3,300,000 3,650,000 4,100,000 4,100,000
Auulidn * 40 80 120 160 160
At 68,750 - 41,250 30,417 25,625 25,625
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2) vurndranis lideundn 98  wiawin
(1)3¥mnu 23 wuawia
01403111 infivialy 3(3-0-6)
(General Chemistry)
01403112 Lﬂﬁﬁl’ﬂﬂmﬂﬂf}ﬁ'ﬁmi 1(0-3-2)
(Laboratory in General Chemistry)
01417111  uAAAA | 3(3-0-6)
(Calculus 1)
01417112 upPaAdd I 3(3-0-6)
(Calculus 1)
01420113  Uf{juRnsw@nd | 1(0-3-2)
(Laboratory in Physics 1)
01420114  UfuRn1sWENE Il 1(0-3-2)
(Laboratory in Physics II)
01420117  Wandfugu | 2(2-0-0)
(Basic Physics 1)
01420118  Wandiugu I 2(2-0-4)
(Basic Physics )
01422111  wanadf 3(3-0-6)
(Principles of Statistics)
01424111  wanT¥Inen 3(3-0-6)
(Principles of Biology)
01424112 FInginaufuanig 1(0-3-2)
(Laboratory in Biology)
(2)Frnanizieau 54  winghn
01402311  Fuadl | 2(2-0-4)
(Biochemistry 1)
01402312  Fuadl | nAUfuRnas 1(0-3-2)
(Laboratory in Biochemistry |)
01403221  pllduwSE 3(3-0-6)
(Organic Chemistry) |
01403222  UjURnsiailduvId 1(0-3-2)
(Laboratory in Organic Chemistry)
01403231  (piUSIIATIEA 2(2-0-4)
(Quantitative Chemical Analysis)
01403232  wilUTHadRTIEinIAUfURNNs 2(0-6-3)
(Laboratory in Quantitative Chemical Analysis)
01416311  wdntugAans 3(3-0-6)

(Principles of Genetics)
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* | Uasedanlng

> JFulpnein

01416312  WugeansniaUfURNT 1(0-3-2)
(Laboratory in Genetics)

01419211 AT Inemily 3(3-0-6)
(General Microbiology)

01419214  ya¥7ingrugrunmaUfuinis 1(0-3-2)
(Laboratory in Fundamental Microbiology)

01421213 Fiduaslelelvddwmivinemanidanmid  3(3-0-6)
(Radiation and Isotopes for Radiation Biosciences)

014212217 wdnnismdinenmansdaninga 3(3-0-6)
(Principles of Radiation Biosciences)

01421311  nstlasiuded 3(2-3-6)
(Radiation Protection)

01421312  wAdANTINS 3(3-0-6)
(Radiation Detection Techniques)

01421313  wadanTinssdniaUgumnis 1(0-3-2)
(Laboratory in Radiation Detection Techniques)

01421321  Fvensdidasu 3(2-3-6)
(Introduction to Radiobiology)

01421421 ¥eduaznsnanewug 3(3-0-6)
(Radiation and Mutation)

01421423  WATANTINGIPERSTININS9E 3(2-3-6)
(Technigues in Radiation Biosciences)

01421424 wipilan1smusasslolelnumadaive 3(2-3-6)
(Isotope Tracer Techniques in Biology)

01421441  wmsgruANUaBAfen1esduay
AasafEnIetnw 3(3-0-6)
(Radiation Safety and Biosafety Standards)

01421491  safeuiTiToiusumeivetmansdanndd 3(3-06)
(Basic Research Methods in Radition Biosciences)

01421497  dunun 1
(Seminar)

01421499  1ASSUMIEINENAIERST I WS 3
(Project in Radiation Biosciences)

(3)3vnanizasn lddesndn 21 wuawin

Taendeu 3 mheda 1ameivwrslud

01401114  wnwaansialy 3(2-3-6)
(General Botany)

01416454  Fasaunalosdu 3(2-1-5)
(Introduction to Bioinformatics)

01416456 Wugimnasy |

(Genetic Engineering |)
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01422415  @dAn19¥1Inen 3(3-0-6)
(Statistics in Biological Science)

01423113 dwinewily 3(2-3-6)
(General Zoology)

01424453  vdn¥inevengaduasiuana 3(3-0-6)
(Principles of Cell and Molecular Biology)

wazliidenisausiedvluaneinemansinnmsdnioaneninemransionas s
lddesnin 18 miiwda Inadaudansedvnluavnivermansginiwded ludeundn 12 wieda 370

eivmelul
- @1UINBIAIERTTINTNS 9 F

01421314 wadanduedoslunuenavnssy 3(3-0-6)

(Nuclear Techniques in Industry)
01421315  msagawluendine il 3(2-3-6)

(Molecular Biology Imaging)
01421322 Avenmans@inmisdivaeaimnssudinin 3(3-0-6)

(Radiation Biosciences and Bio-industry)
01421323 Lwenanidiadedidedu 3(3-0-6)

(Introduction to Nuclear Medicine)
01421324  wedansiwizideasaduazidaia 3(3-0-6)

AUSUINYAARITTININS 9

(Cell and Tissue Culture Techniques for Radiation Biosciences)

01421331 fufunnwdedduanday 3(3-0-6)
(Environmental Radioactivity)

01421391  A1981IUENEITVNNINGENERSTIN NI 1(1-0-2)
(Reading of Literature in Radiation Biosciences)

01421411  msieseimeisneidundes 3(3-0-6)
(Nuclear Method of Analysis)

01421413  wmsInerfugrulunisuszgndldFaduayleleiny 3(3-0-6)

(Basic Metrology in Applied Radiation and Isotopes)
01421414 nspaafalSinasedvnaniidmiuinemanidanmded 3(3-0-6)
(Radiation Chemical Dosimetry for Radiation Biosciences)

01421422 %aduazlelslvulunisineas 3(3-0-6)
(Radiation and Isotopes in Agriculture)
01421425  AeneanstinmSdiunisianisanunionuesia  3(3-0-6)

(Radiation Bioscience and Plant stress management)

* % Fpsrgdgnluy

* o Yfudsangin
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01421426  Foudnnssuuaslontangsiavasingieanitanmisd  3(3-0-6)
(Bioinnovation snd Business Opportunity
of Radiation Biosciences)

01421496  \Fpaawiemingrmaniiannded 3(3-0-6)
(Selected Topics in Radiation Biosciences)

01421498  Ugymfiley 1-3
(Special Problems)

- @ ingdaasiundes

01426213  pdldmdes 3(3-0-6)
(Nuclear Chemistry)

01426311  \AfISE 3(3-0-6)
(Radiation Chemistry)

01426312  mvinUsuIusad 3(3-0-6)
(Radiation Dosimetry)

01426314  aunsaivnsiundes 3(3-0-6)
(Nuclear Facilities)

01426321  MsiANTITAIAANTURASIE 3(3-0-6)

(Radioactive Waste Management)

01426411  wquiiniesufinsaidnadedidesiu 3(3-0-6)
(Introduction to Nuclear Reactor Theory)

01426421  nTIAUSUNUSELRE a9 In N 3(3-0-6)
(Radiation Biodosimetry)

01426422  Pauvasndavesaiasjnsalduades

wazunugnauy 3(3-0-6)
(Nuclear Reactor Safety and Emergency Plan)

01426432  NILUIUNITVINGSE 3(3-0-6)
(Radiation Processing)

01426433  wangnnivielelelvl 3(3-0-6)
(Principle of Isotope Hydrology)

01426434 Fpdnsdemdsiundes 3(3-0-6)
(Nuclear Fuel Cycle)

01426435 waluladlsslndrdundes 3(3-0-6)
(Nuclear Power Plant Technologies)

01426436 n1sAuAusesseslagitvsTLAdes 3(3-0-6)

(Nuclear Forensic)
3) vuIRdTAanids ldtasnda 6 wiaeia

*  Ungedglud

= JFulsanain
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3.1.4  LEAAILNUAISANYD
3.1.4.1 WHUNITANEN

Uil 1 aansAnuit 1 miaein (va.ussere-vaufuRnis-sudnerdaeauia)

01420113 U{UAnsWand | 1(0-3-2)
01420117 WAndug | 2(2-0-9)
01424111  n&nTIINE 3(3-0-6)
01424112 I e n1AU{URNTS 1(0-3-2)
01999111  AIARSUVLALAL 2(2-0-4)
Judnwvily nduanszegiiiay 3(3-0-6)
JAnwialy nquanszawfunisdeans
AIAUMA/ABUTIADT 1(--)
Mwaseva . E5)
5 16(--)
U 1 aemsAnwnii 2 Mg (Ya.usTe1e-vu.URUANS-vu.Anen
AUAULDA)
01403111  (piivhaly 3(3-0-6)
01403112  imslumAudiRns 1(0-3-2)
01417111  uPaAAd | 3(3-0-6)
01420114  U{UANsWEANS I 1(0-3-2)
01420118 WAndAugu I 2(2-0-)
Jodnuwhly nquansenadiasiveuaswadlaslan  3(3-0-6)
FAnwvhly nduanszauvsaans 3(3-0-6)
374 16(--)
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U 2 mansAnunil 1 wdagiin (Fu.ussere-guUjuiRnis-vu.@nualeaues)

01403221 LANBUNIE 3(3-0-6)
01403222 U{uRNsIALIEUNId 1(0-3-2)
01417112 umamaa Il 3(3-0-6)
01419211  yadingwialy " 3(3-06)
01419214  Ya¥inerugunaUfians 1(0-3-6)
01421213  eduaslolalnudmiu 3(3-0-6)

ANYIFARTTIN NG IR
01175xxx  AANTTUNWAANW 1(0-2-1)

AMWaNUsend

e

39U

d d 1] = =
Ui 2 nmansAnen 2 wdleiia (vu.ussene-vu.Ujuanis-vu.dnedlenaulas)

01403231  AflUSINaAATIEN 2(2-0-4)
01403232 alivTunadmsiziniaufRnig - 2(0-6-3)
01421221 WENAMIINININGIFTERTTIN NS 9 3(3-0-6)
01421312 wellan1sinsed 3(3-0-6)
01421313  wiadlan15inss@niauidinig 1(0-3-2)
01422111 vanaia 3(3-0-6)

JndAnwialy nguanszaiwfunisieans

Al -0-6

Fofnwvialy nduanseansu

HusEnauNTs 3(3-0-6)
34 20(--)
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= > 1 a a wa
UM 3 man1sAnenil 1 wdeda (va.usseng-gu.UfiRnns-vu.dnerdreauias)

01402311 @Al | 2(2-0-4)
01402312  Fuadl | mAUfdenis 1(0-3-2)
01416311 wdnWugemans 3(3-0-6)
01416312  WugeansnIAUfURNT 1(0-3-2)
01421311  nasUanug 3(2-3-6)
01421423  WALAMIEINENAIEASTIANIIE 3(2-3-6)
MRl TELIA 3(--)
Jrnaniziden 6(--)

574 22(--)

-] = P a a wa
U 3 aansfnei 2 wdoawfin (vu.ussene-yu.UuRnis-va.Anwdagauas)

01421321  @ivendedidasiu 3(2-3-6)
01421441 wwsgumMINUaBAiEVNTELAY 3(3-0-6)
AUUEBAN BN TN

Afnwnly nguaszrmansuvie

HUssnauns 2(2-0-4)
I nanziden 6(--)
Jeudenids o
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Uit 4 man1sfnwi 1 wdagin (vaLussene-vaLUfuRnis-vu.dnendagnuias)

01421421  $efuaznInanewug 3(3-0-6)

01421424 wiadansausesmelalalnunig ©3(2-3-6)
Finen

01421491  sufeuisideRugium 3(3-0-6)

InvrEmansdInIns e

A nawziden A -]
Jvndenias . )
3 A5(--)

o = A a wa v
U 4 nansfnenil 2 wdaefin (Yu.usseng-vu Ui iRnis-va.dnudleaueg)

01421497 &uuun
01421499  TASIUMAINEIAIENSTINTNSIE

A nanizidsn

e

39U
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3.1.5 A185U1ETIEIN

3.1.5.1 swiwiilusiaivivemdngns
01421212 AveAranitdaades 3(3-0-6)

(Nuclear Science)

Juiidea3ounnrieu : 01420112 vie 01420118

fedeavetesnen thlrad Aulusnndid  ngnisaaneieeseiuiunivduazaynsy
yosg g fudunisdlusssuni dunsisenvesdidivaas Ujnserduedusuasunsalinndes

Atomic nuclei, nuclides, radioactivity, law of radioactive decay and the natural

radioactive series, interaction of radiation with matters, nuclear reactions and nuclear reactors.

01421213 $eduaslelelnudmiuinedaniganmied 3(3-0-6)

(Radiation and Isotopes for Radiation Biosciences)
fgmvesfiduazunasinieiad wfvsnmeessirdsawasngnisaaiadvesiudunninged

Ujisendundesuasnisudalolslnudwivnuingimanidinin é"umﬁ‘%awaa%’eﬁﬁuamiﬁﬁﬁmﬁal
ANUINYIFMEANTTININ UANNITRTIAMUETNITIAUTUIMTE wannsuain1sUesiufid mulasadema
Yeduazanusiunsasademneiid madndulsldfidudndelosulusuivermansdanaw nisussandld
Fiduazlolelnulunuivermansdinim

Definition and sources of radiation. Nuclear stability and law of radioactivity. Nuclear
reaction and isotope production for biosciences. Significant interactions of radiation with matter
involved biosciences practices. Principle of radiation detection and dosimetry. Concept of
radiation protection, radiation safety and radiation security. Justification of using ionizing

radiation in biosciences. Application of radiation and isotopes in biosciences.

01421221 Mann1sNIEINEEIEATTAN WS eE ’ 3(3-0-6)
(Principles of Radiation Biosciences)
IpideniouNiou ; 01424111
nmstiugadnazasindszlovianiassadauaznalanisiinumsiinnde Seduay

lolelny laseasranaznalnseduwaduazsevdosvasigaanding LATeInsTrdurs1eiluaiu
o fal o =i = i = - g=l v o
Wemanifinmisd nidAnwnisuszendlasiaiuaznalniinmlunuiveimansdinmdad
Radiations and isotopes in enhancing of values and utilities from biological structures
and functions. Important cellular and subcellular structures and mechanisms. Synthetic living
machine in radiation biosciences. Case study of biological structure and mechanism applied in

radiation biosciences.

* Unsnedolui

* Yiulsanein
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01421311 nvsUaeiuded 3(2-3-6)

(Radiation Protection)

Jriiseadsuinney : 01421212

Sunmieanisd vannsiauiinusiduanadediotndsd navesliddeaasuaraeliTin na
naliuasBinerweddsd wumnstesiu Ui wastnguszasdvesmstiesiusunseninied ms .
dostussdnnduiidaneusnuazniglusinie nssadanmstudieudituity Sdnndaneden nis
famsnin wrswdhydfuazngnsinsn winusingieduiadulnl uniZousingiRvems
Trdesuassed

Radiation hazards, principles of radiation dosimetry and instruments, effects of
radiation with matters and living organisms, chemical and biological effects of radiation, radiation
protection guides, philosophy and objective of radiation protection, external and internal
exposure protection, surface contamination limits, environmental radiations, waste management,

new acts and regulations: atomic energy for peace, lessons learned from radiation and nuclear

accidents.

01421312 waAlANI5INSE 3(3-0-6)

(Radiation Detection Techniques)

Ididaadeuinniou: 01421212

FBasananuazmsinged S lAensuanfwaysunsisoniuaans  anRvasssuy
neinsed Wriadeduavsruumstaied vindsdnuuusuia ndesinvednduiiaady nieeindndn
Fuiialaty v iaaduuuasiiduassruunsTeitldldadnnseind

Radiation detection and measurement, ionizing radiation and its interaction with
matter, statistics of detection system, radiation detector and detection system, gas-filled
detector, solid scintillation counting, liquid scintillation counting, semiconductor detector and

non-electronic detector system.

01421313 wallan1sinisdarauguanis 1(0-3-2)
(Laboratory in Radiation Detection Techniques) '
Jviidenieuaniey : 01421313 viandousy
UfjuRnsdmsvirivadansiniad
Laboratory for Radiation Detection Techniques.

01421314 wailansiauadesluanavingsy 3(3-0-6)
(Nuclear Techniques in Industry)
Aiideaduinney : 01421311
- mimeamimefsdlugaavnist wedanisimuassidieond  madamsdeiudd  waie
ManTuiIwesed wallafhnsou wadadnuseessd nszviunsaneded
Industrial radiography, X-ray fluorescence technique, radiation transmission technique,
radiation scattering technique, neutron technique, radiotracer technique, radiation processing.
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01421315 nsgnea M Nan gl 3(1-6-6)

(Molecular Radiobiology Imaging)

IiReuieulrieu : 01424321

wIARUBImMATANABIaNIIATKUUIILERTIUTIIA N1sa1en KA TRYEUaaA Y
wialladiendesganssmiuuuiTikas nsusegnalusivinuadunaiiandasqanssmiuuuininands
USuna msmavauswasiiliulentendanislasududasd m‘imnaaum'imaua}mwaqﬁﬁumﬁaané’aa
ANTIAIUUITILAS

Concepts of quantitative fluorescent microscopy. Fluorescent microscopy of live
cell dynamics imaging.  Application of fluorescent proteins in quantitative fluorescent
microscopy. DNA damage responses after radiation exposure. Determination of DNA damage

response by fluorescent microscopy.

01421321 F2inenFedidosdy © 3(2-3-6)

(Introduction to Radiobiology)

Jniideaieuinniou : 01424111

nsganduiduanniifed mauandeenilnefid Fued¥duasujitoivetoyyadas: wa
gaefsdionnudsmessauigad nismauausweiBuasnmsaauls Fnendadlunisussenaneeadn
wavas¥idrasruvetersvinvesdnidegniouiuastavassedrefie

Radiation absorption and radiation chemistry, water radiolysis, radiation biochemistry
and reaction of free radicals, radiation effects on cellular damage, radiosensitivity and modification,
radiobiology in clinical application, radiation effects on major organ system of mammals and

radiation effects on plants.

01421322 Aneeanidanmisdiuansmnssudaniw ' 3(3-0-6)

(Radiation Biosciences and Bio-industry)
nMandndasarinead nisuiulnmeRuidunidiie Seduasdsianatoiug saunamans
Y09n1THARTIAUT nsvenevuan AR Sus nswendafus mavihlidadusiuians n1sduunts
fouel nsdifnwvesinemansdinnsidlugaamnssudinm _
Cell-based production of bioproducts. Radiation and mutagen induced microbial strain
improvement.  Kinetics of bioproduct production.  Up-scaling of bioproduct production.
Bioproducts isolation. Bioproducts purification.  Bioproduct identification. Case studies of

radiation biosciences in bio-industry.

* [ Ungre Tl

= Jiulsanein
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01421323 wAansinadefidosdu 3(3-0-6)

(Introduction to Nuclear Medicine)

AMSINTINTMARITIARES AuUasaienedlununymansiiedes nsiadSuim
%’aﬁﬂaﬁnﬁiaﬁﬂﬂaﬁﬁﬁn%’wajs’wma i3pslovarmansduaded ilfusiidtasndeiueisd oy
Aanstpfeinatn N1Ins197ladnsVTaIILULMEUaNIIaNE '

Overview of nuclear medicine. Radiation safety in nuclear medicine. Dosimetry of
internally administered radionuclides. Nuclear medicine instrumentation. Radiochemicals and

radiopharmaceuticals. Clinical nuclear medicine. in vitro binding assay.

01421324" wadlansizasagaduasiadedmiuinermanitanmyed 3(3-0-6)
(Cell and Tissue Culture Techniques for Radiation Biosciences)
Jiidouieumniew : 01421221
unumresmawisugaduaniodeluruineraniiinmd amseanuuy

ﬁ'ﬂqUﬁﬂ’ﬁm’u‘l,msﬁwmaﬁuam%t% ANuUaRAfBuaENTIUTBIANN MBI JURNTS ATSINZADA

waddnd nsnzAsaraduandaideiy nisnzdsaradedunid Besssulavauddmaasugia
vasmamzidsasaduazadelunuineaansiinim fnsangansuii

Roles of cell and tissue culture in radiation biosciences. Design of cell and tissue
culture laboratory. Safety and quality assurance of laboratory. Animal cell culture. Plant cell
and tissue culture. Microbial cell culture. Ethics and economic significance of cell and tissue

culture in biosciences. Demonstration of practice required.

01421331 fusfunnwivddawandan 3(3-0-6)
' (Environmental Radioactivity)

wasastuuanmiedludunndey Janmaedeuthenesnienmuasiinmessislaas
fuunadainusseania uiu wasuvasiidndldenns wafanisnsianunsisseunasnsidh
syfidunndon madianiafiuietaazniseseudediailansiessifusiunnmidludannden
wdnmImsUsadiuamnudsmeded wuusiasmmendamanslunisusaiivanudemnedd undeu
NnatRmasinedesiddy )

Sources of environmental radioactivity. Physical and biological transport pathway of
radio-nuclides from atmosphere, lithosphere and hydrosphere through food chain. Concept of
environmental monitoring and surveillance. Sampling and sample preparation techniques for
environmental radioactivity analysis. Principles of radiological risk assessment. Mathematical
models in radiological risk assessment. Lesson learns from significant nuclear accidents.

01421391 ATEIUBNAITNINGIAEATTINTNTSE - 1(1-0-2)
(Reading of Literature in Radiation Biosciences)
Ifidsadeundew : 01421221
nmIsudinnduaznsaglansedifguesenansivinisymainenmanstaniwsed
Critical reading and conclusion of main idea of radiation biosciences literature.

* | Unsredvluvg

= Yfudpenein
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01421411 mswAs1zilagisneiiaundes 3(3-0-6)
(Nuclear Method of Analysis)

a  dw a !
ANRBAUTIUNABY : 01403111
vaniailihiadeiuagiilinnet maeseilaginsasdensidundosuasnsussandly

nIBUIUMIMAAT NYmaniluades anamnssy wasdundo
Principles of nuclear chemistry and analytical methods, nuclear instrumental analysis,

applications in chemical processes, nuclear medicine, industries and environment.

* = A‘ Yol =
01421413  wmsmenugulumsUssyndldSeduaszlalalny - 3(3-0-6)
(Basic Metrology in Applied Radiation and Isotopes)
unumasAMuddgvanasivetlunsuszendlesiduazleleiny wdnmsvesasine

LaEMTIn SEUUNTIR WATIVENAUSEUUANNIW STuUNIRTIRdaudoundy MsiaveAenn
nsdlfnwnasivelumsussensldsduaslelelny

Roles and importance of metrology in application of radiation and isotopes.
Principles of metrology and measurement. Measurement system. Metrology and quality system.
Traceability system. Physical measurement. Case study of metrology in applied radiation and

isotopes.

01421414 avsasavdadsuiasdmaaidmivinendiansdananed 3(3-0-6)
(Radiation Chemical Dosimetry for Radiation Biosciences)
VU INemanssad uaRaneSid@nanduarnnsTausinased whetinumesed wised

wannsiauTinaseivnanil matavnnaddniaai nsusseadldnisasiatauinasdmand
LuusiasmRaNRIeesiien 1T a NS d nadlnwnislmsinunassdiniiluny
INYIAENTTINN

Theory of radiation science. Concepts of radiation physics and radiation dosimetry.
Dosimetric units. Radiation chemistry. Principle of radiation chemical dosimetry. Radiation
chemical dosimetry. Applications of radiation chemical dosimetry. Computer simulation for

radiation dose. Case study of using radiation chemical dosimetry in biosciences.

* Uasedonlva
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01421421 ¥eduaznisnaneviug 3(3-0-6)

(Radiation and Mutation)

JniidaaFoumnou : 01416311

winmawienhliAemsnaieius  Yduavanmaiidenaneiud  mamidenilnaeius
TneSsduazasall nsnanewuslussdulianauasnalanmsdeuusufidue  madansmisaniilinas
Wugswiumawmdsadoda  awdfemasnaneuuarmsuszgndld  nszuaumsnanewusTu
Awandeunaznisnadevansiananeiug

Principle of induced mutation. Radiation and chemical mutagens. Induced
mutations by radiation and chemical mutagens. Molecular basis of mutation and DNA repair
mechanisms. Integrated techniques of induced mutation and tissue culture. Mutation research

and its application. Environmental mutagenesis and mutagen testing.

01421422 Ssduazlelelndlunisinuens ‘ 3(3-0-6)
(Radiation and Isotopes in Agriculture)
ﬂ'iiﬂ‘,wqﬂGﬁdﬁLLﬂﬂ?JI‘UI‘V]‘UMWJﬂﬂiLﬂUGﬁLLazﬁﬁ‘wm TSN U IS AT NARNE

msinsmsiitenuanoswasiaogmsiuin msldfdnisigiven asufulgefudils mswdndad
wazgunmdnd n1suszendldlolelnulunsidemenisinues

Applications of radiation and isotopes in agriculture and biology. Using radiation on
food and agricultural products to preserve food and extend shelf life. Uses of radiation in
entomology, plant breeding, animal production and animal health. Applications of isotopes in

agricultural researches.

01421423 wAANIINEAIEATTININGIE 3(2-3-6)

(Techniques in Radiation Biosciences)

wallnddymenermanitinmed msliusdeninneadnziss wadanswisdes
wadlusyiuiosufuinig nslifduasimaiafiAsadoaieuiupmnuannsaveseadlunisain
udnsugdumzlugaamnssudinm

Important techniques in radiation biosciences, utilization of cultured cells, techniques
in laboratory cell culture, use of radiations and related techniques in improvement of cellular

potential for production of specific products in bicindustry.

* Uasreden v

** fyugangin
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01421424" wadantsanusaedaslelaTnumadiadven 3(2-3-6)

(Isotope Tracer Techniques in Biology)

Iiidoadunriou : 01424111

AuidesiuAyiulelelny wanmsviruiulelelnyiiduaznisiaiasjuifinislelainy
$9d msduassvansussnaufnaainsmglelelny wdnmsindduarsinveniiosd wnuwanlnsum
3 iedasindnintuinatuiarnseiousiotne madaselasilenstil Meiesisilaenisdesnidie
lalalnl nsesnuuunisvmaeslagldmaiinnisausossylelalnimedainen

Basic knowledge of isotopes. Principles of working with radioisotopes and setting up
radioisotope laboratory. Synthesis of isotopically labelled compounds. Principles of radiation
measurement and types of radiation detector. Gamma spectrometry. Liquid scintillation counter
and sample preparation. Autoradiography techniques. Isotope dilution analysis. Experimental

design using isotope tracer technigues in biology.

01421425 ANIAIEATTININTIEAUNITIANITANISLAS AU INY 3(3-0-6)

(Radiation Bioscience and Plant Stress Management)
mumIngIaILATeAiY  nalnnisegsenvasivaeliannzielon unumveniy

wemaniiinmisdlunsianisannsieisavisdinmuagnenweesiy o waluladfnndmiu
pramuazdmdenfivnunudeannzinieadiensldusdenininensiinmededdy  ndiinuna
msIneeanitinmsdifioniwaniuneldansaiealunmagsianyns

Definition of plant stress. Mechanisms of plant survival under stress conditions.
Roles of radiation biosciences in biotic and abiotic plant stress management. Biotechnology in
detection and screening of specific stress tolerance-plants for sustainable bioresource utilization.

Case studies of radiation biosciences for agribusiness plant production under stress conditions.

01421426 FwinnssuuaclonianngsnevasInerdransdannied 3(3-0-6)

(Bioinnovation and Business Opportunity of Radiation Biosciences)
WWIAR AWV ATEUIUMT  MISTMUNUTENVKASUNU N RLATYS-A9ANYaauTnngsu

wazduinnssy nsldnnuimaineaanitinmisdlunsiaunduinnssuualenaniagsia unum
vemmberunaiguasenvuiliieates naduuszneuns n93udugsAe waznslnaUBLUIANTIAY
IMNINYIANAATTINTNTE

Concept, definition, process, typology and socio-economic roles of innovation and
bioinnovation.  Development of radiation biosciences based bioinmovation and business
opportunity. Roles of involved public and private organization. Entrepreneurship, business

startup and pitching of business idea from radiation biosciences.

* Wasedulnil
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01421441 wnsgruAMuUaBAdenINTduazauUasnienIedanIw 3(3-0-6)
‘ (Radiation Safety and Biosafety Standards)
wuIfensIansaalaends  YennasseninUssmAiuaulaenfEnasidnasau
Vasasemadinm  wasgiu  detidunazngmneieafuaiutasndevnedduasanuasnsisma
Fanmeedlnguazaina
Concept of safety management, international agreements on radiation safety and
biosafety, Thai and international standards, regulations and laws on Laws radiation safety and

biosafety.

01421491 szfeuididenugumainenmanitiamisd 3(3-0-6)
(Basic Research Methods in Radition Biosciences)
wanuazszfouitnisiveniaineimansdaninied nsmuualguiveniside ms

TUHUMTITE Mee3enlaTInTide MTIATIY Llana LaznITISANANTISTINEY NISLTBUTIENIUNTS

348 msddueNauLazM I IsNauRTUNaIITY
Principles and research methods in radition biosciences, research problem

identification, research planning, preparation of research proposal, data analysis, interpretation of

result and discussion, report writing, presentation and preparation of manuscript.

01421496  1509@WIENIINYIAEASTININGE 1-3
(Selected Topics in Radition Biosciences)
< a cal o v & a w v d < i
Bovamemaingmansianmiadluszaudigayies WiteEesddsuilatiiusazaia
NSANMA
Selected topics in radition biosciences at the bachelor ‘s degree level, Topics are

subjected to changed in each semester.

01421497  &uwun | 1
(Seminar)
nstnavekazafunemderiuhaulameineimanitanmsdsesuuSyand
Presentation and discussion on current interesting topics in radition biosciences at

the bachelor’s degree level.

01421498  Ugywniiiay 1-3
(Special Problems)
ns@EnwAuAIMnemansiinmisdssiulSyyeiuastsuGuadsudunaenu
Study and research in radition biosciences at the bachelor’s degree level and

compile into a written report.
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01421499 1AT4IUMIINBIANEATTINTNSSE ' 3
(Project in Radiation Biosciences)
Jidoadeusiau : 01421491
1ASINTAUANNIINENAARSTININTIE NsWauITalauslasINITIfY N1IVNIT8 Madeu

s1EULaznsEaLaNaNILTTE
Research project in radiation biosciences, proposal development, research

investigation, writing of report and, presentation of research results.

$183YTUINTG

01421201 548 FIm wazdananasy 2(2-0-4)
(Radiation Life and Environment)
$EluAIaUTEA iU Hane @ inevesfeduiiniie nuywdlasuluusaziu nansenuaes

o [ y v o a o ad w fo Y o 9 ¢ v
maulnsAwiefio Sadludawindon msfuualsnuivdnseuliuyediule wamuwazuywd nsly
AN WAMIUNERN nawilupdeidmiuginiredisunas NansENURBEIILIAGEY UNITEUIN

wa a al 3 at 2/ L3 as o = o a
qummﬁmwmmaﬂmaxiaﬁ nstuselerdanwasuiliadeslunsdus

Radiation common in our daily lives, biological effects of radiations in everyday life,
effects of cellular phone radiation, environmental radiations, justification of permissible dose in
man, energy and human, energy consumption, alternative energy, nuclear energy for Asean
Community and effects on environment, lesson learning from nuclear and radiation accidents,

uses of nuclear energy for peace.
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01421499
University of Tsukuba, Japan, 2557
2 ywaniae daming Ui 01421497 | 01421221
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Haemaniiansd Early- and late-occurring damage 01421321 | 01421321
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wehdan galssiads Anticodon-binding domain 01421311 | 01421213
EONG R P RERET] swapping in a non-discriminating 01421322 01421311
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. (unduiivmalulad) 01421496 | 01421323
YAl Inedy, 2534 01421497 | 01421331
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01421497

01421498
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UMTAINEFNERTANERS, 2540 01421423 | 01421322
D.E.A. (Chimie, Radioactivite, 01421441 01421324
Radiochimie) University of Paris X|, ~ 01421491 01421413
France, 2544 01421496 01421422
D.Sc. (Life and Health Sciences) 01421497 01421423
University of Tours, France, 2547 01421498 01421426
01421499 01421441

01421491

01421496

01421497

01421498

01421499
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UMTIMEIABLNYATANARS, 2550
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TS e 01421311 | 01421311
B.S. (Physics) 01421497 01421497
University of Virginia, USA, 2551 01421498 01421498
Ph.D. (Physics) 01421499 01421499
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PHAINTUUNINGFY, 2542
Ph.D. (Radiation Sciences and Biomedical Imaging)
Université de Sherbrook, Canada, 2555
weseus e swiivd . 01421496 | 01421496
819158 01421499 | 01421497
wm.u. (\End) uwinenduuiieg, 2554 01421498
Ph.D. (Fusion Science) The Graduate University for ~ 01421499
Advanced Studies, Japan, 2560

33




aneud #a - uwana n1szaUdau

wiwaing Insand 01421315 | 01421314
o p— 01421411 | 01421315
’:ﬂ.'U. Grngsuadl) uvninendeinensaans, 2542 01421499 01421323
e (Hedesinalulad) 01421411
ATl Ing1de, 2547 01421497
7.4, (mnssuduades) 01421499
AINTAUUNTINEEY, 2554
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D.H.Sc. (Radiological Life Sciences)
Hirosaki University, Japan, 2559

3.2.2 8191590 LAY

Lail

34




4. ssdusznauieafulszaunisainiaguy (nsilnau e aviedne)
4.1 wnIFIUNANTsETEUvaUszaUN1TalaTATUIY
aid]
4.2 Y2918
Taid]
4.3 NITAALIALAZAISTIIEDUY
laidi

5. farvuaieafunisvinlassuviasuide
fansowihlasenu Fuduruidsmnadnluhdedifedesiuinemasdinmsed deoglu
e 01421999 Tassumisinemanstanmied leflenanstituinuilassouduggua Dansos
Fuahiayafiinrfosnimisansinms dedlaavsetind Tagldmadauitethinldussnaunisna
LAUAIVIAABY MASIINMIVIRABaASIAY Faudoumesnurmgluuiaividiun
5.1 avefurglagea
fanazdeadonitofinuesaulalunguinermaniianinied lnsuSnwtuenansei
Uinwlassnu dinstenansifeades mausunvmaass sulumivaassiastufinuanmsmeaaes wile
HaymiAetulusswinnimeaes Sensinammeasdaeliudninasimeinetmans Snswioudiou
Yeyalulgadin uasidsusisnunmsmaaes neldaiUseanu 1 aansAnm
5.2 AIgIuUKanIsiTeu
frnuannsalunsUfun wazd
1) vinwgmaiunisdeansuasnsiududayaiiiisitos
2) YiNWENIAUNTINGNY M3ARIATIER kasnsusegnaldanuslunisunledym
3) vinwemadunsldieiesiieinenmanslunimaaes
4) VNN iU eusIea
5.3 ga1an
AMUUHUNTANE
5.4 MUUNULAA
19U 3 vdsenia
5.5 MSAIEUNIT :
1) fmstsaiuauivesifaneudunside ielinsuiugunesian mndfuaushi
wigawe Wismsuoumnelifun ituduielifirusifemedomsihmside
2) fimawmssuanunienidaluiuinuenisinidely maleuseu Uluurasns
GUNONGHG) sassEUssalunsinn S )
3) fszuuansauma grutayansinmsesdinveayaiidnaunsoduiudoyad
Fasnslavialan
5.6 AsTuIUN1ITUIEUNG
j_ Uszilusasinmadiauedayanansideuasnimegeuinyensisouilunviauidyde
AUinwuazAmznTTINTTIaT AR

35



= = a
nuafl 4 Wan19iseus nagnsnisaauuazn1TUsTdiume

1. msWRIRuanwusiAYYalian

AMANHUE LAY nagnswiananssuvasiadn

1) fianuf invzuazarwamisalunisusygndlysed 1) fnedvuaranssumsfeuiinausseisuay
lalelnduazmatiansilumdeslunisuidywimmeadaine UftRfdaasumsinuinusnmiuasns
ANANT NINBAT BAEVNITHTINIMUAZATITANTT witym “
Aaundon

D) finnuansolun1sIeudse n1sAnilasied ng 2) fswinuasianssudiysiauninediuns
Fuarsiuazudlelmidsinmemangimansdnm AupTITBYAANTAUWA A15IUKUNTITBLAZAS
i ALTUNTIdE MR nsedunenaniside

2.nsiaIuINanIsieusluudasay
2.1 AMUAMGEITN 938TITX

2.1:1

212

2.1.3

o

LaLUNITY

NANTSITIUIATUANGTTH A3UFTTY

1) awnsadanislgvvmeansssiasesssumainnimiolnnlasgumnzay
2) dind anled 3y wasiimmdedng Smuiulnveudedsnu innswngsudey
nagndnsdeuildiamnmaFouifunussu Wessa

1) @eui3oInnsTIN 935591 UazasseuTTuvesiniTelumeivnGoy

2) duesulididelududou Wy manswional msuinveusesuiliueumne
3) msudesesnsuiuuuustuitivesdeu
nagnsnsUsziliunanisiteuaunns sy I35

1) dunangAnITuveddiseu NMsuansoan

2) Yuiinansididou uarmsdanuildiuneunne

3) ATRdeuRanIN uasawide deadulunusuev uazasseussuvedivilin

2.2 duanug

2.2.1

2.2.2

223

HAaN1IEUiATuATNS

D) dlenuianudilluunde noufussudnnsdifynicinermansiinimssd
2) fimuianudilauasineedfiRnisniednermanitanmsg
nagvsnsAeuiildWannnFeudiunaiug

1) msussneluduiBsuuasnisdnany

A1TAUAIN LaENISYINSIEaIU

W N

nsasulagnsadawasnISEnUUR

=y

)
)
) msedunengy laedadaudugudnan
)
)

<
5 asfnwgauuendaIui
nagnsn1sUssiliunanisiseuiaiuadnug
1) nsvedeudal NSEBUNATINIA Wag/vIauaenia

2) FIENUMNSANYIAUAT Nuaunne

36




3) mstnaus n1sedivsie waznisilaiusiulutuSeu
4)  TIBUNTANIAITUY
2.3 duvinweniealyeyn
2.3.1  wansissuiauinusnalayen
1) annsehanuinnuvadayaivainvangluvssenalduddymatrsaieassd
gnéBILazLML Al
2) mmiﬂﬁm‘iLﬂ5'13158EJ'NﬁmaNaLLazLﬂuizUU
« e Y = v o
2.3.2 nagnsmsasunidlumsiaiuiniseusauineenisdynn
v = - e 4 q’ 2
1) aoulaeldnsdifine wasnanulITenneIves
2) wsunuieulauAIl insteeu wazeiusie
3) msusieRiavlagvsIndl
233  nagnsnisusziliuranisiisuifuiinueniateyan
1) A1SEUNaNATA Lag/vmiavatenia
2) WANUNLFLBUNUIY $1891U waLA1TaAUse
3)  nsUsEEiUlASIUITINe mansTn WS ad
2.4 @uiinezauduNLSTEIIYAARALAZATNTURAYEY
24.1  waneuifuvinugaduduiusseniiiayanauazauuiavau
a Yoo el v ° ' e v v g 1«
1) dnmzdin Sinwenadiuduagyiauiuiugbuliduediem
@ = | @ w 1 ' -
2) fanusufinvounazsuiuiaaueieg e
2.4.2  nagvsnisdauitldlunisWauinisdeuinuineearuduiusssniteyanauas
ANUTURAYBU
1) Shanssungy wWelnnsdudihuazdniu lumsiuils niseeusv waznis
as A a =1
UYsulasumuaaLiu
2) fnsulauslayafuTgNanunIeIvINISRANY LagAuaAIl
243  nagnsnadszifiunanisiBsuifinuiinueanuduiusseuityanauasanuiuinteu
1) Ussdlunnuanunlasuneuving
2) Usziiluannwgfingsy wagmsuanseenvesidnlufanssy -
25 @uvineznsiesieidaiaee nsdedns waznsldwaluladansaumd
251  wamsEsuiaunineen1TiaTsidenaa n1siedns waznsldinalulad
ANSaUWA
v P a ¢ aa l %) )
1) aunsoldeseadlanindiadidns adfwavwaluladansauwea lunsAnwinuai
wazunteymlaegramunga
W o ° o ) |
2) aunsolfinaluladasaumaiionninauenanuuaznsieansidnzauiungy
UARGVILANAAY
¢ i ar a v v s a ¢ a o o
2.5.2  nagnsnisaeunldlunisWaiuinisiBsuidurineensiessildeinay n1sdedis
wasn1stwaluladansaumea
1) Anudlelymvielandndndudeddanuinmndaamansuazada

2) wauvanelidgnsuaindeuatudemeluladasaume

u

37



3) maiduesnanunIITINIINIugULUUTeIN ALY waseAUTe

¢ o =4 v at a d a e i3
253 ﬂaqﬂﬁﬂ"l':'l‘lJ‘iR:’LiIUNﬁn']‘iL‘iEl‘L!;iﬂ"Iu‘lfiﬂﬁﬂﬂ"l‘i'll.ﬁi‘w‘lﬂt‘ﬁ\iﬂ’JLEI“U msﬁam's warnIs LY

walulagansaund
1) Uszduwalpenisaautaideu
2) Uszidiunnuanuiladsunaumring wasainyaiuisalunisiniauanay

3) Ussdluaingluuunisldmalulagansauwmaiimunzay

38



o v a o a
3. WHUTLAAINTTNTEAEANTURAYOULNATIIUNANT ST BUSINUENgATE 5183

(Curriculum Mapping)

® ausufinvaundn O aruiuingauses

187397

1. ARG

385554

2. A

3. iN¥ENIe

Ueyeun

4. vinws
s o 3
AUFNAUS
FENIYAAR
WazA2Y

Sullntau

[

5. inwe
AT ILATIEN
\B9AaY
nsdeds
waznsld
walulad
ASHUNA

[

—_

—y

01403111

01403112

01417111

01417112

01420117

01420118

01420113

01420114

01422111

01424111

01424112

® OjCle|@|O|O|O|O|®|O

01402311

01402312

01403221

01403222

01403231

01403232

01416311

01416312

01419211

01419214

01426213

01426311

01426312

01426314

01426321

01426411

01426421

01426422

01426432

01426433

01426434

® &/ o 0o o @ @ @ 0 ol 000|000 |l0|l0|O|l0|0l0l0l0lololololo 0 O |0
0] 0] ©| 0| 0| O|0O|QC|O|0O|C|e|leo|e|®e|0|® oo e e e e eiel/e/leolelelelele| v

® & o o o & 0| ¢ o 0o 0oc|j0 002000000 ceo oo e|eee ele

O| Ol OojO|OlO|O|l0O|O|O|OC|lejol@e|C|@|O|e|0le|O|elc|o|e|e|o|o|o|o|e|o] ™~

® &6 o o/ ®o @/ @ ®| & @ @#C|O|O|O|O|O|C|lO|O|O|O|O|O|lO|O|O|OlO|lO|lO|O] =
O O] O O] 0| 0| O] C|O|OC|Cie|e|o|o/eo e|eo0oje/ee|leee(e oo e(eele|r

® © o o6 o o 0| ®| o o o0 ®o/ 0o 000000000 e ec|ooeee|e|l~

o| ol o| o] o| o] ol o] o] o] ole

O] O] O O] O] O] O| O]l Ol Ol O|O|OjO|O|O|O|O|O|O|O|O|O|@|O|O|O|O|@®|@®|O]|O
O| O O Ol O] O|.O| O] O] O] Ooj]Oo|Oo|o|Oo|O|OjO|O|Oo|o|OofOo|lOo|lOo|Oo|o|ololo|lolo] M

39




5. Ninwe

4. vinwe NS UATIE
18391 1. AMSTTY 3. VnEEnne | AfnusuWus (Benav
1385571 2. AE Ueyayn stwineyaAa | nisdedns

wazAy waznslYy
juiiavay walulad

ATAUINA
1 2 1 2 1 2 1 2 1 2
01426435 ® @] ® ©] ® O O ® O O
01426436 @ O @ O @ O O [ ] O O
01421212 ® (@] ® @) ® ) (@] ® @) O
01421213 [ O [ ] O e O O ® © O
01421221 o 0 ° 0 e | O 0 ° 0 0
01421311 ® (@) @ ® @ O ([ [ ® o
01421312 @ O [ ] O o O (@] =] @] @]
01421313 ® (@] ® [ ] o O 9. ® ® ®

01421314 ° o) ° o) ° o) o) ° o) o
01421315 ® O ® ® @ O @ ® =) o]
01421316 ] O [ ) O ® O @] @ O O
01421321 ) 0 ) ° ® o) o ° ® ®
01421322 ) @] ® @] e O O @ O O
01421323 ® O ® @ @ O [ ] ® ® ®
01421324 @ o) ® o ® o) ® o ® Y
01421331 ® @] ® O ® O Q ® O O
01421391 ® O ) O [ ] O Q @ O ®)
01421411 (] O [ ] €] [ ] O (2] ® ® @
01421412 [ ] ®, [ ] @) ® O @] -] O @]
01421413 @ 0 ® O @ 0] Q @ O O
01421421 ) 0] @ O [ ] o] O e O O

01421422 ° 0 o o ® | O O @ O o
01421423 @ 0] @ ® @ O ® [ @ ®
01421424 o 0 [ @ o 0 o ® ® [
01421425 @ O @ @) [ ] @] ®] [ ] @] O
01421426 @ O @ O ® (®) O [ ] @ (5]
01421441 9 0 & 0 ® 0 o) ) o) o
01421491 @ [ [ @ @ @ @ @ @ ®
01421496 ® O ] %) [ ] (@] @] [ ] [¢] O
01421497 ® [ ] (] ® ® @ [ ] ® [ ] [ ]
01421498 ® ® €] @ @ o @ © @ ®
01421499 ° . ° e | o | o | o e | o | o

40




é ot = o
WUIAN 5 wanmmm”tumiﬂssmuwauam

1. ngsundeuvsouaninasilunisiviszauasuuu (insn)
AINTUIAULI IV AN N SAIART TI9IENTSANYITZAUYSY 19T NMIINI1BENAYASAIART AIT

99 14 msiauazUssdhinansdny)
14.1 arsUseillunanisAnwiveudarneignasnsevinlidussiuasuuusieg Jellanumung

uashALAzLuUsImalul

JTAUATIUY ALMNE uFuABLLY
A Fudea (excellent) 4.0
B+ fun (very good) 3.5
B A (good) 3.0
C+ ABULN9A (fairly good) 25
C wald (fair) 2.0
D+ 99U (poor) 15
D gauNn (very poor) 1.0
F N (fail) 0.0

felalanysal (incomplete) -

S wola (satisfactory) -
U laiwala (unsatisfactory) -
P t1U (passed) -
NP laieinu (not passed) -
N delinsruseaunziuy -

(grade not reported)

SEAUATLULU | I%Lamzﬂizﬁﬁﬁﬁmﬁammqehu'[u%mﬂ#ué’ﬂﬁauuvsfﬁ WA IARaBE 1B YD
TunaeanANISANY LLamﬂuﬁwd%aqmmséﬁaau

svumsiuy S was U lddwiusmednititanamedouioulssinnlitumbein (Audit)

seumzuuy P Wdwiunedfilithavemihsinunmunudunsiuuedoayay nsinaud
sifihein wiasiedvidnsiteulousnnisamesdoudsutuanity

sedumzuuy N Manensdideldlisunenunisdseduranisfing

14.2 fandosmidunmsveudlossdunzuuy | uaz N IaSaduniolu 30 fundeSudensuuu Yy
anvherasmansinuty madeutusadldsumudureuaneinsddfulinreunsin uagldfueyita

=Y 2

= Y oow W = I’j H‘)} : v 1 a QV = a o 1 a wa ey 1 y&j
AR E R Tedriu el desliifuduniemsfinuiunidaly winliujiRaulvtednddaduuls
seAuAziuL F wie U lusedyntuy

14.3 nsuflesgivasiuudaadivanarudnduniauenaisusznaunisiatsan lneeslssy

! o)

AILTBUIND NSO SURATauTIEAY paznssuA1sUsEAMsE s dtnty warldSueylli

a v vo tY) v a
91n30985NsUANLATUNBUNINE g uaUmUIYINTS

41



a [ a
14.4 nSARLLFUASLLUULRRYdEY Y
a ) P a va ) a da o
14.4.1 MmsfnusuRzLulRdyavayaildn WAnnuauaswuuneividnamedou
W 1 - ) o a = o a o
Beudsyunmidunudleie (credit) iastedvnasuld wazsedvngaunn
14.4.2 nMsAALINAzLLUIRANAYaNYRtAaNdga1 1 v Len §revangns  dremns VA,
') - ol @ a du v 0 < a o v oo e
whnaziuuYsmnIeinnivsnglundngasaiviiviennsudt bitnadunedvnndeud vislifn
1 - 3 1 .73 = ‘v £ %4 i o o 8 a‘
dungirilivsnglundngesannivieniisudn ldannsadunfasiuaziuueisazas
= v d' aa A = A o d
14.4.3 A1SARLANATLUULIRA A ALYRIRERTIlaunn ndD 1uANWIDY wastldn 7iau
ayUSgsafisumi uarldsusudlidAnwise TiAaewzidunzwuurssseiv s oulmaivindy
o L7 d A =Y =5 - e
14.4.4 MSARLALAZLUUIRALALEN HBRIITAFDIUAINNMNISANYVRIDAR AU
v 5 Yo 0’: l‘-‘l z 1 =
U8 26.4.9 Uz 26.04.10 Hu WAnUazaawnss Ae WisduganisAnwiniasulaznialale drunanisany
Tunaggieu Whihludusiudunanisdinwiniedudaly uusnsdgaunisfinuluniageiou
14.5 apea1d150583uN15UsENA uantsAanantsAnw wnian nindana1etiseviaulu
A1A3YT warlumaztug
14.6 unInendpauInsziuviatinnsuniseaniulanwantsfine wazlususedla lvundan
winfdnAegrszutdunislu wSensuanumiineidenunine desunsiv dwdladinisuseniana

nsanwluudrfinnu

2. nssmumﬁwquﬁaummgmmaé‘l’uqmévmﬁﬁm
ALNSEFURRTEUNANgRST WiBAMENTIINSTINIAITUsIRY imivaudeunasgu
Hadugnivesiinuazdudinfidusanistine fil |
21 asmuaeussiugindmiuiaanddliduianisine
2.1.1 fszuvudsziununmnisseunisaeunieluavninends
2.1.2 fimsmuaeulasruznssumamuasuetliosionas 25 vessedvifilnaaunnd
mM3fnw lagafedeyainnetansd 81l uae 3 ume 5 uazdoyanansussidiuseigivedin
22 mesmuasusyiuvdngasdmiududiniiduianisAnuainmdnges
2.2.1 fimsenavsuidiuaunmeairangasinggmsinandniguen
2.22 fimsdamudeyannznsldnuiasnsussnauenindassresudindidianisfinm
s nsthennululdlunisussnauendn
2.2.3 fmsfamudssfiumuifiswels anudaiulasdeiausiuzvesdldUndiavdsann

a = o = < 1
Uudindi3an15AnwuarlsznauaTnnga?

42



3. NANITEUTINITANYIANUNENGAT _
amdatiAUu IMenanYaSAARS 1En TSR ISEAUUSYY 9T U dtinuasaIans fil
78 28 MsvarvUAzaylAYTYY nTeoul T,
28.1 TAndaaiumiosuaninuiusesunsinuron1 Nt iuinm uasanuRiddinian
anelu 30 fu TuudiudaSeuresnianisfinuaaving Addnmeiazasuldmeinasudunumdngns
28.2 AAnfilianivesulTyan AefnwisigdvinasUfuinudenivuaAsuIUAINAINABINTT

1 s < v 44 s 5 3 dy L3 = as
wiaanges lasiudunziuundeasaunasavangns s 2.00 Tuly uaslisseznar@nuiluumingdy

4

Lisndn 6 ameamsAnuunddwiundngns 4 U wialidnd 8 mansAnwunfidmiundngns 5 U was

v

laindn 10 mansfinwdnddmiuvdngns 6 U visd encudiildsunsiiisuneinuaiouniaeia

U

YV o ada

P v v a & < v e v ]
28.3 Hdnsaaulavnyiedvnamedoudeuld Jaidnivesunaziulsaanls nsdifiaeunn (F)
a a2 a & a - al a < Y o €l =
Tusednduigdenas onadensousiedrdunawnuld Tnganuiureuyeie1a158ausnw

0sdEFUlRTauVANgRIsaiInnAAIN wavAnuAdTRdEn

=

aa { o w ) a v { ) < " v P
28.4 U@ne1ndumissweiueyuigald nidilleSsunsundngnauasdeuluiideeyUSyqni

Amunliluudagndngns viensdiifdnieunsuniumdngns lude 28.2 wasUjuRasunudodmunuas

-

= Wy W < 5 |
suidau ualslauazuuulaisdsauningl 2.00
o L4 a o o et a a 1 =) | a Y =l 1 2 = > |
28.5 Udnnasdnsenduivuanineun1ing1ds serus wiesaniaivliiiouiesadafuney
=t vVas - o @ =3 A =y
awzlmsunmaua"zjaLwawaiuﬂsmmﬁmaawmw
= .‘J e o & ar ) = v I-’é ad 1
28.6 tdnnaumslaiunsiauedelulaiuliyymiseyUsyadeuiudiiinnuussnganlida
AaszilsurauIneaslasitdevesiin

s <4

28.7 @N1UNINEIAE Lﬂu@'ﬁmsmaqmﬂ%mvzymsaauﬂ%zy,cm

& E

- o i 4 d T - ; = )
28.8 gd@nsansfinwfiegldiunmsauadeifieveidrsunsesumudiyymviseudsag o

(2 7} 3

@ o

1 v 1 - o a bl v ] ¥ A o 44 d =
HIUNTTEVITIUNINTINUAALALABILYITIUNAADU ATMUINTBNNYEDURTUNARTIVIEIAUNTUA

28.9 WaUszamUiyaimvualazuilinss

WU 6 NISWAILIAMIRNTY

1. mswsgun1sdmsuanisdl

1) Uguilweeansdlml mufiruzuazavivendodntu delisuiisunuim wiil ua
ATTITUVBIALLDY “

2) weuenasiiAedaunisdounisdeu iy Teasduavinges ngsmdousasde
Ufjtiniensiine gileddn dileorasdiuinw sudeudatiduihdensinudulsyaniuay
Judindin

2

a ° o w Y aw o ¢ o v
3)  ANMIYINIAUANTEIUNTALAUL ATUNTITEDUNITINY ﬂ']Wu@la’i'i]'ﬁEJWLaEN‘LW

WU Lay

AARIUNAITU

43



2. mMaiaaNuiLasinueliliami159
2.1 NISHAININNEENITIANISITEUNISEBUY N5 IAkALNITUTEIUNE

o ES £ < [ I aa d v ova
1) aduayulienasdidlneusuiieaiunisiBsunmsaeu 1wy 3anmsasu Adudiseudu
ey msTauazUssdiuna nslddauasmaluladansaundlunsasy

ar L4 d & o v
2) advayuliennsduaniasulssaunisal daya wanewauinisiseunsasuiugasu

U
3) afuayumIve iveiRuIMsiTeunisaau )
ar a a o w4
2.2 MITRAIIITINISUAETYIINATUBY
1) aduayumunsAnyise MIRNaUTIRMUNINITINTT MIUTEYaiens saumaieliuyy
AUFN9TIIINTT

2) aduayuliviwanumsinms diausuaziifainanumeinms velusedumiuay
wed sasiahsanunldlunisiEeunisaeu '

3) dasudssnnuagsweaazamntumsiagunsalusznaumsseumsasuliiisame
Lazviuady

a) atvayumsiuelunsidedslunaseaseme

o o ¢ o o P a
5) aduayulierasdideusisitedszneuniaiieunisasy

d o 9
WA 7 AsUsERuAMA WAANg AT
1. MmsfniuaAsgIy |
o s ol L4 L4 at I:J v
nsuimsinnisudngasiidulumuinasiuinsgrundngasivsznialduazifulumunsey

UIATFIUAMATLAUDANAN IRV 0N MSEIUAIdaNIY nedinsyuaunsnaselull

1 ar - 1 5 % o %) v A
1.1 msuseieanansdgiuiareunangns lagusinanensduszdmvangns uazilanseutnnly

U

MIUIMILasHAILMANgRTUALNSISEUNTAOY 9191588 TURngauT U 5 A fslnaaudfdwalul

a4 o ad & 1 o o v a o o W fw
Ao dauydtunuiygilnsedisumi wielidunisdieaansansdluaivivfnsmieduiusiu

1 1 Ld

a1u1iv wavssadnavunayinisildldduniwesnisfnuuiesuuiyy wasiiunasunidinnsi
lafumssunsmuvaninasiiuualunsiisnsaussiliyanafssiuamieininis sdndes 1
srenslusau 5 Ydoumas

1.2 M50UHY M3 wagmsussilluvangnsmuseuszegiiatinmua laeiin1saneuay 3

o v o

nsUsziilunarsisaunanssiiiunuvevangamninfinw Wee.7)  wazsieyanlaluuiuuse
Waumdnansiussuz egradesvnsou 5 Y

o - o 1 ; o = ld ot o
1.3 m'smLummmmmm‘uwamimLuumumam‘sﬂ‘sxnuﬂmmwwa ﬂ%ﬂ‘iLLaﬁﬂTﬁ%ﬂUﬂﬁiﬁE}u

s =

AUNTOUNIRTFIUAAITEAURANANYITD 1-5 fisdl

& & v 1

° v o v 13 (SR} 1 d
1.3.1  mvualne1asansulnvavae1iuaysaaay 80 umus’m'luﬂﬁﬂszﬂqmwamungu

u

AianuuaynumumM IR LU ngns

o

=l a o kg .
1.3.2  519a2l8URYRIaNgnIRIULUY NAB.2 NdenRaadiUNTauLINTEILALIA

L

s

TEAURANANS AN ALAY/ Y301 IATTIUANIAIAY1IY

a4



133 dswanduevessivn was/vMiesavidunvasUssaunsalnrauly aukuY
uAB.3 Way/viva uAe.4 eguiesnsumaladeuluusazaianisAnwilinsuyn
%0

1.3.4  InsmenuNan1saiiiun1seesieivilay/Miesenuran1saiiunisues
Uszaun1sainIAguId ANULUY UAB. 5 Laz/v3e uae. 6 n1alu 30 Jundeain

& PEIPN v a
aua;ﬂ.ﬂ’TﬂﬂTiﬁﬂU’]“ LUﬂﬁEﬁﬂWﬂiU‘lf]ﬂi’l 8371

v
o o

135  davhsenunanisaniiunisvemangasauwuunne.? a1elu 60 Tundsdugad
nsAne
2. Ueudin
Tndinfifieszasdsoainuinunsdsrolui
2.1 iugslnasssn susTm
2.2 IAu3lunsiveimanitinmiidnuanumingauveav i
2.3 fvinweautlygn annsafninsiest 1975al l@usuuInINAR was/vaoUsziliuniagng
A31easn TakansaUssandlivinusuay/miarnudrudilandvimslunisuitigm
sehaduszuu InwenaufiRnuildiunstindu
2.4 fivinuzanuduiusssityarauasaruiufiney Tasfanuuinueulunuilisy
ueuvINg aunsauansmuAaiuldagmnsaarUFuF s ugeuls
2.5 fivinuglumsiteseiideiiay msdeans uasnslémaluladansaume Tnsanunsodoans
oehaliUssAvBnwiamsyanarnadou Findenuasldsuuuunmminaueiinngay dwsy
Syuanduiiteisnaty aunsolfinadafiugiumeadn uadldineluladasaumad
wanzaslumsdoans uazdududeya
3. idn
finsrurunsiulide uazniswisumnunieunsudidng n1sliAUSnuInnisuazuugLLg
nsAsog madisansAne aufianelasazsanisianistodoadeudandadalud
3.1 n3gvIunNsTuildn
advniimsirusanauiRvasiissdndnulundngasli 2 Ussidiu fo
1. anantAily  duddufansAnuisenfnumeulatsviadiousin violduiduse
msfnuUssmadetasindndugs vieiouwh wiseyUlymn wenduiiimusywgdd
2. AranTRawisms : lunsddudansnenni fesifauenislinmlnedunisit ya sy
uazdou TaorunsmageunLinusivasumTIng1de @usgiumsinusisulasmesanuion)
uauRdsqitnunlitdunnauituitugiuitaseswaelidanidnenmlumadeu
PedvElundngasauausaduiansfnulé
dmdunmsdalenfidinu aendn Idmidumsnunszuaumssielud W
1) shunsdndenauinaeivesivssyuesnsuiuisUsumelne (s,
2) t1un1sAREaNANTTUUkaSINaTITe N INg1deinyasmans lasidaTualasiuaia

n15AN®YY 9 1

45



3.2 NSLMTBUAITHNIDUNBULLANE

¢ i) @

a d o 1 a e -
wangmidiszuulaznalniedrlugnisufifeleeoansddsuinveundngastssyy 2179umy
o o a < < 1 va ' v et v do a
wonenagnslunisaiiumaienanieuanuniedlvidadeuddnuiuas  seumnenihnduiinveu
Tuna191sdusedlunadnans ]
3.3 MslAmUInsInnsuasiuzug Msesey msdidanisiing
wangnsliszuukaznalnifgafunisgualiiivinunimnisuavuuswuiuntdnieliuus Ty
LS ! LY L) = o & o &
gnansadey uazdmsnisduiansfnuilussiuige fudl
o :ll Vo a s d o
1) msfmune11sditinw 81a1sdgsuRnvaundngasussguiiadmuassuulaznalnnng
gualvAInwmeiudinisuasiuziuiunian
aa o o2 ] ed o ) o z:
2) msquaiida onsdnuinwildgiiestarsdnuinwvesdrinnuarmuznssunisgaudnuniy
v o e iaa dda = o a
wuwamslumslidmdinwuniidn lunsdifdaluaiuquaddymaiiuarvaiusares
fad et Vo W g g wog w a a w
annsgnlinwnasliduinula enansdavdwialudsheimunddnvepmuziazumingdy
as aa | a a L =
3) mstawuildn Weannsdnuinwilidnlumugua ennsdasduddavieidsluaugua
{ 9 v o = o < ) ' d o aa 1
ialidnUinwiluGes erdunsiSsuniemstsuiletgmilubesdu q vesdldedely

o

a 14 ' e v a = v o
4) msfndadoasseninerarsdnuinuiuidnlurugua a1asdnuineasdudiuety

e

Ve e ko4 s n‘ o = o L s 3 {
nalutandiny vanatniuaimensdiruaianaiuisatdanuiesualiueianssi
< 2 A o = § 7
USnwazidmuiiavarusnwila
3.4. AuRanelakarnsInn1sTesaaSsuTetan

L4

o GJ 123 & s a = 1 2/
u?mmmmau‘saeﬁamﬂmﬂumiwmmaumﬁaumamm'iac&

as

= o A
Fufingoundngmsiite
o w ia vy a @ d o - < va a a 0
vnigussguenansdfuinveunangaaiedniunisuile winivszquenasdfuinveundngnslal

v o a 1 1 s v a d a s s i
ansaunlatedessoulalngnsazfansandsaludiwinaiaiviiemisnsudlalussduniadvsdaly

4. 819158

ar 1 oas 3
ﬁﬁU‘ULLaa‘iﬂﬁlﬂﬂ'}'ﬁUﬂﬂ‘i'ﬁEﬂﬁﬂJ UANU

& 2

1) 8191384 TullaveunangmsUssyusiuiu ilensunutasasasuauantRoa1sdusys
vangaslvildulunuinasiviessdevdninnuldansemsinsgaudine Inermand Adouay
winnssu (@U.0) sufinsdrssdnauensdusssmangnsineg o1a1sdusssmdngasii
windamieatsen ewwwusaTidtlueuan

2) windnsmdlaiifiesne ndngasesiauevesylasueinisdiiunininlufinnsuay
wnIngaemussigureIng 18y

3) fimsdadenarasdludlagfiarsuauandilidonndsfuinasidinsgrundngnssedy
YSauyms w.A.2558 uaziin1sdaden lasasudunival wazaidnnisasu mudedsduvas
UMINAY

a) uenanil wangmsuarnAIrIRERnsaueumnglvensiussdmangnsiidussauntsaiu
MAsdiuusinisafunsidsunsaou

ITUU LLﬁL‘ﬂﬁlﬂﬂ"ﬁ‘lﬁ“‘ﬁtkﬁﬁﬂ’l‘iﬁﬁlﬂﬂEl'T'i]"l‘iti

46



& 2ot LY

919138H SURRvEUVENgRsinITNUNUANATILAE TR sEU ST wdngmsuazilsyuy

u

duasulasau1a15glunusne il
1) falasaniseusudmiuennnsdld Welifmnusluduimaiaisnisasu nsianauszdiuna
AABRILATIIUTIULALTELTouURURTIAE TR
2) Yalassnisausuiunsite msiwanunadnnsieRaudnenmessenaisdusysild
LflulﬂmummgmLt,asﬁﬁnﬂmwﬁ'qa%’u Lﬁadmasia@mmwmawé’ﬂqm
3) fmualFornisdussiiaiunuieimumuedusunisinude measamasinms/ns
3o wazmuaumAulieasduFTRnuuauTely
0) faassiudsznaildsuanumingdslunsdaaduatvayulioaisdidrunseusite
FanaunmersERslufun iR AT skarivdn mistuasmsaimauiins
5. wdngns MIFeunsaeu nisussliugdiFeu
nszvIuMTeBNLUUNANgRs Usenauludie nsdrsaraaiunisalliagiumasusia day uag
Tausssu madhnaauimelavewlivudiauazaznsinuhvesiudn uazasdrsiannufiwela
vosfwdiiuasAud laydudendngas ietwalilunisesnuuuuasuulsmingnsnaonauians
Invisgdvliviuagiy
mMIesrUUdeuLarAsEUIuNMTiAnITSeunsaey welvnisduiunudunissunsdeuves

wangasilulvagiiuss@nsnm. ernsdduliaveundngasesiasanununsinuesddnudaznguus

[
./ a

Q.j = A o = IJ o - o s =
azdulienunui U1 izitandau alseu-aidau Lasaou N9T18381UsAY Lagiuiden

Y
o

= a < = ay ¥ a va Y U ¢ a Y] a o
Fesrwivudoniiezilnaout auninldlidgdndufiayelionsdiiuinveundngasionsan wdaain

2 o ) a4 a o f VU a ) o ' )
wstayainiunginieslegeud o1sdfiuinreundngnsuazonansdfdaussUsyausiuiy

o o o ' a w W H v a o * o
Wadvuadaeuluudarsiedn lnenisdndaeulundazainnisfinwdulaRarsaniainaiug

= I =

Auasaluilleninuazuszaunisallunisasy Fsiedndianudddususiuiu 9 saudeRiansan
P = v Yo v oa 2 daa o a “a 4 a - o
Foananieu-naaeuiihideuiviviluaividy 4 AddsamsdouSouluguginimieividonas

ms'lmmﬁmmxauﬁqﬁ’uﬁﬁ‘auuaw:aau

u

n1sUszdiugiou fisvuu nalnnisdssfiunanadeuiniunseusnasgunandissiuaaudnu

' o = ] a wva o L a va
LL‘WWTmIﬂEJaJix“lJU/’U'LlG]E)‘LJﬂ'li‘lJ‘SSLuuﬁL‘JEJ‘LJ%QUT]ﬂ{]Bqﬂluﬁ}uaLL‘U’J‘V!"NﬂTi“lJi:Luquiaum’lﬁJﬂ‘iauu’lﬂ‘igm

U

ANl waziinaln Ae AleuuivninisUssfudiSoununseunnasgIuAnRd LasAMENTTIAITUIINT
=i
7

[¥)

wingasiimihiffuguanasUszfiunanisianisieunisaeudasUsafiundngnsmunseuninggiu
AR

vangns lassuu-nalnlugnisufii/andusu Tae Snnsudessnusnssunisuimssed

=

wé’ﬂqmﬂﬁaﬁnﬁ’ugLLau,amhst.ﬁuwanwﬁmmsﬁﬂuﬂﬁﬁauu,asﬂﬁaLﬁwé’nfgmmumaummgmﬂmgm
finnstumnasinisdsadiu Tnessylilu uee.3 vewginiiTnasusdisdaau nnelu 30 Tu dowdn
AANTTANY

ludauvesdaeuarnsdfiuinvevlusasseinfinaeululnisdnuniu 4 vemdngnsa oy
sdunsusziilunanisieuiniunseuninsgiunaadusddsluusazsneien aunagnénisussiiuga

MSEUIN 5 My wdsiniaiadunszuaunisiansiieunsasy wasnsuszidunanisiSouivesdan

a7



wa1 wsuRrrauluLiazIedrn adun1sInvinsIBuNanIsIANISISBUAITAUNSaNASD. 5U9518T%N

u

el 30 Juvdsduaanianisiine aelanisiiiu feny waveiadeuvseansdy

ot

UNATBUNANENT

6. AeatiuayunisTou;
a oo ¥ v oa v a wa - a T )
i SdUssynduaylalelnl Svoadou viesufuinisiienisiFeunisasu n1539y aduayu

1

sk nYeraildn Wy WoslfuRnrsuasiaieslionsraniaduuunieg viseUjiRnisded
o a L2 a e I v 1 4 ot o 1/ 1 v =
T viesufiRnslelelny uagdaumieudunilide s uavssuunisiufurugiudoyalaedl
drinveaya dninuinsmeuiimes uasesauanusInemaniatuayuy
v = v Y] a v g v P v
lutiureunisimieudnnisiiounisaeu ndngasuazninviazdnliiinisuszguiielianansd
Vs a s o s 1 o . ar yd o 1 s
AiulagauvangmIuazesdUsEimangasynvinuivuedaduayunisiseuiadndusenisianisiSeu
P 3 = at a i o & a a’ « - )
msaeu Weaudumsluszduniaivimieamssely el nadvdidussenduazlelelny dndedam
niwginsnisaeululszdmnd lneszaivdninuedayauaviosaunrasineimanslunisdinge
ol o i A kg L4 L3 aa v 17
wilsde uazinertedionnsduazidnlifuaii uazUssnoumsiZounisaeu
c‘t’ = o al (3 o v ! = fa w a a ¢ =l
uanand aadvfiduszgnduazlolelny ddldsuanusiufienngudidetundesinalulad
a LY & £ laa v o 14 a wa & & <
wninendgineaseans ianiuemasiziunddalaldinisintefed deeljidnismisidentabouay

visaUuRmson@hiven

48



6.62U9THANTISATUNY (Key Performance Indicators)

Fruednsaiuau 2565 | 2566 | 2567 | 2568 | 2569

1. 9wsdfAnvaundngnsetalesiesay 80 flduim v v 4 v v

Tumsnaunuy fany uaznumaunsauiunundngns

= < [ < v s b
2. AL YAUBINANGAT NULUY UAD.2 VidanmasdnunIay v v v v v

UATFIUANNALYINR VIBIRTEUAMAIANY/a1973Y) (60E) .

3. dswaridunveseivn warsivasiBenvalsraunisalniAauny v v v v v
(fd) M1uUY YAe.3 way ume.d adntsanaunisilngauluunasnin

msAnylvAsUNNTI8IY

4. IRVITILITURANITANLUNITVOITIETYN WaLTIHUNANTT v v v v v
FtiunsvesUssaunIsalnIAauld (60E) MuLUY UAB.5 LAY URD.6

Y o & = o a v «
aelu 30 u wasduganirntsanwInasulviasunnsnein

5. dmimerunanisiiun1sugavangas amuuu uae.7 nelu v v v v v

60 Tu nasdugaitinisAnm

o a < o v &
6. umsmuaauwaaquﬁ‘ua:mﬂﬁnmmuu'm-ﬁgwwamsﬁ'aus W 4 v 4 v v

L'l

° v a e a o
Avualu 1A8.3 waz uAe.4 (G11) edredasioeay 25 vaesedvida

gauluurazlnisdnw

7. imsiRu/Jiulinsdanniteunsaou nagrisnisasu wie v v v ¥ v
a = v a s a = |
msUssiiunanisiioui Mnuansussdunisaiveuisenly
I Y & © v
upe.7 Tium dlafuanuiugauainanenssunsssinuely .

aLtung

8. o1sdlmi (i) ynau lasunmsuguiine Tasnwmsdseead v v v v 4

YDMANAT MIBAULUIRIUN1TIRNISIS BN AR

< ° Vas a a . s & o
9. 'Ei"l'{l'ﬁﬂﬂ‘iﬂTl'lﬂﬂﬂulﬂ'iun"l'iwwujﬂjﬁl'ﬁqﬂ'ﬁ Waz/MNI81UUNN v v v v v
4 v oow o = a = v e o
LﬂE!Tll@Gﬂ‘UFf"laﬂ%‘l’la@u’ﬁ5@L“u'|ﬂ.‘i.&ﬂﬂ']'iﬁﬁﬁﬂ'ﬁaﬂu€|EJ"N'UE]EJ‘IJEI%'V]‘UQ
AT
o a o e v oo o
10. QﬂﬁqﬂiaUUau‘uﬂ'ﬁLiEJUﬂ"ﬁﬁauv‘mﬂu IMIUIDIENanAILg v v v v v

Tvftudidn (fdl) Tasuniswandsnnig war/v3e Jdwanelaaanu
a @ 1 v @ et o s A ‘l‘
Fuiaveuvemthanuiudein uariinsumaluuiuuuieiiy

UsEANBNIMNITVINNIU

as <f - £ 4 s - Jc{-nl 1
11. 'sxﬁmﬂamw&wa'l%aauaﬂﬂqﬂma/uzumm'lwummaﬁmmwms v V¥ v v v

uimavangnsingsay waghidesndt 3.5 9nazuuwdia 5.0

Y - Yo o dal v oa ' o N '
12. szauauiawelavesldvudianidevudielnl wislidesni v'x v'x V' v v

3.5 IINALUULLAL 5.0

o = - ot yﬂ} 1 & e a
* WumsadlunsdsadiudidindeldesanvdngasuSuusa we. 2560

49




C" - at o - %)
UUIAN 8 nﬁﬂszmutmzﬂwﬂiﬁmmmuumwawangm

1. m3Ussdiuussandnannsdeu
1.1 nsUsudiunagnsnisdeu
1. msdunawginisunaznslineureenisiiianssy uasnan1saourasidn
2. fimsUszqueanansdussimangaauazannasdluniaien ieniswaniUdsuniufniu
warlifaiauauuratnenansdiifiusyaunsal uasmaiansaeudia
3. msaeunuInddntalszdvdnaveanisiieu; Inelduuuaauniuviionsauvuniungy

e

fdn szwinmansne lnge131sdiaeu veensgyTulnvounangns

1.2 maUszdiuiinyzeadannisdlunislduaunagnsnisday .
1. fimsvssiivanddniertunmsaouveseiansdlunndu 1wy nalsnisaau nsnsee
nan mstusatmineg Yagussasdvesnedn inasimstauarussiuna uasnislidensaeu yvang
AIANTSANY
2. fnsussidiulasfennsdieaasiteuiany mnmsdanamsseuluduidou ua

AanssuLaUMLIELATER

2. msUssiiunangaslunnsa
1. msUssiiuvdngnslunmsiu lngdrsiateyannidndulagane
= e v a
2. UszdiulngilSnunvdednainandiniguen

= vo = va o w
3. Uszilulagglddndiavsedildmnegiteidu 9

3. masmdiuanisiiueunuTeandsavangas
] o al ] ¥ o - A 2
Usziflugaunmnmsfinelsednl mudvsdnansaniiue lumnedl 7 48 7 lngaanansd

HIURRYOUNANERT

4. MINUNUHANITUTHIENLAZIeHAUUTUUSe

& Vas LY

fimsihdayannmssenusanisaliunisreiriauea1asddiulareaunangns wasiinig

U

L3 o s & - o = L
Uizﬁmmmsaﬂﬁsmwaﬂqmstawmsmwumuwamim1Luumwanqm

50



.40, 1-1

-wvuduavalasiedyn ny
_ sEAUUIyng
AadyFeduszsanduaslolelnd aivendans

Iaumiein (wussens- .U uiRn s vuAnnmeaun)

1. SEIU 01421213 3(3-0-6)
Fa3unwlneg fiduarlelelnudmSuinemanstanwsed
FBIYINWIDING W Radiation and Isotopes for Radiation Biosciences

2. swdniveidneglunuaniusdusiynies il
() WAINARYIAIY ALY oo
) wneiviewzlundngasivermansdiudia avdvingimanitanmsed
(v) Frnamstady
() Fuanziden

() nueivndanas

() %m?m‘sﬁw%’ﬂuﬁnqm ............................. ANVNIY Y o Shvsupntie
3. FYfeaseunInou il
a o v = o s I
4. Fymssaseuniounu Tl
5. Fuildnsinsedn Fuil 15 oy warRnieu w.A. 2564
6. JanUszasdlunisitnsedv

6.1 ANMUAIAYVDITINIVY
ammﬂmwumummnmaﬁuaﬂa‘[‘ﬁiwﬂ 27 auum-uaamﬂaaa FuRINE1vRISEIUEENS N1IATIIMNS9E
wazn5Insed msdesiuiiduazainuasnsiy suds nannsdndulaussgndldSsduarlelelnuluny
YIFERTTININ AAUEIAY AR UIWANEIAERSTIN NS 9 m'snJ@swwwmwﬂwuam;Jmmswuﬁwu
mw‘wmmﬁmiiaammmummumihsauﬁmﬂmLaw’tuﬂmqwaﬁqmLLawmimmu‘Luamﬂm
6.2 wadnwimAaTufuian
6.2.1 TAnausaesunevanvquifeiuauifuestiundoa ngnisasiefvesiilnadfuiunsed udnmsves
AR5 MsTaseduaznisTnUiinadd sunsisevesddiifsadostuaivnemanidanm siuds
winmssnaulaldeduadleldlmilunivemansTanmidifusg ¢ IFoshamnsauuuituguves
AnuUasafeniessd |

7. A195UwsIwIYT (Course Description)
fgmvesdiduasunasiniased afosnmessinadoduay ngm‘iﬂa'}EJm?Jammmﬂmm@a Ugﬂ'ﬁtﬂ
mmaa’iLLaq,miNaﬁlaiﬁdiwﬁam‘iua'}u'swa’lmam‘zjﬁmw E)umﬂ‘iEJ']‘H’eNNaﬂuami‘wmﬂmmammwmmammmw
WANNIIATIIMUALNITIAUTUIUSE ﬂﬁﬂﬂ’l‘i‘ﬁﬂdﬂ’liﬂmﬂWNﬁ AnudaeadensdiduavainusiuasUasndeniads
midndulalifidvianelosaulunuingimani@nm msussgndldSeduaslalaivlunuinermanitanm
Definiticn and sources of radiation. Nuclear stability and law of radioactivity. Nuclear reaction and
isotope production for biosciences. Significant interactions of radiation with matter involved biosciences
practices. Principle of radiation detection and dosimetry. Concept of radiation protection, radiation safety and
radiation security. Justification of using ionizing radiation in biosciences. Application of radiation and isotopes
in biosciences.
8. 9131380y

eanduanuivsngluvuiei 3 4o 3.2

4 _— - —_—
9. LLN‘LW]Ll:ﬂﬂ\iﬂ']iﬂ53?1FJﬂ'J'lﬁJ'i‘UWﬂ“UaUQJ']ﬂiﬂ"]uNaﬂ']'ik%ﬁlugﬁnﬂﬂﬁﬂgﬂi%i']El'l‘ﬁ'l
(Curriculum Mapping)
=t o o [
eazdsamuiivsingluvined 4 4e 3



9.an. 1-1

wuuldusvaltasieivi v

=

szAuUTns
medaduszgnduazlolelnl ausivendans

Fumiein (@uuTses-vn U§URm - Anndlaauies)

1. sWain 01421322 3(3-0-6)
Fodvrawlng umansiinwisdiugaamnTsudann
ﬂa%’lmmﬁmqu Radiation Biosciences and Bio-industry

2. swinivedaeglummeinasdutbyyng fd
() AN NGUANTE oo
(") mnsivemlundngasineimansiudin anduineimaniianmied
( ) Anawzdnu
() Arnawziden

() wuaRdgndanias

() AU TEMTUNENGAT.oereonrcnrncrn 250l TN,
3. Awiidesuusideu Taigl
4. FwriidesFoundaudiu Taidl
5. Yuiidevinaeivn Fudt 15 Wou woadneu . 2564

6. Inguszasalunisilasiedv

6.1 ANEANYRITIEIY

a

gramnssudinmusssanalnefidnanimgennmsduuvdsingAunadinwivainvansuasineeans
Fanmisdanunsoaduayunsiangaamnssilunansiy Sallaneinitudelilaaiaudnenmly
nsthssdnldiiuauaunsalunsaiiwdnfusidanmessgdundd
6.2 HadwsTIRATUAUTA
6.21 fAnawnsnesursuuAamslivssloniniiditensfaunaeiudaduridiieiuaruannsoluns
ainansuRgIn Wl
6.22 Anannsosduienszuiunisaiedaiust msuen maviiliuiavsuaznisduundaiusiliogamnza
7. #183U58391 (Course Description)
nisndngaiusiainiead msuulgaeiudeaunidene Saduardsienaeiug saunamanivenisuinii
Aousl nsverauIAn1IHART I uel nisuendaiuel nsvinlidadueiusans msduundadus nsdldnwves
Wemanitinmidlugnaimnssudinm
Cell-based production of bioproducts. Radiation and mutagen induced microbial strain improvement.
Kinetics of bioproduct production. Up-scaling of bioproduct production. Bioproducts isclation. Bioproducts
purification. Bioproduct identification. Case studies of radiation biosciences in bio-industry.

8 @1v19dEEau
swazdeanuiivsingluvied 3 4a 3.2

9 unuiluanmsnizaterIURnYauINATgIURanIs GBS IINudngRsg Tt
(Curriculum Mapping) '

swazBuamunusinglumned 4 e 3



1N 1-1

LuulduavaLtasiadyn tna

sEAuUTe1ns
madwdsdussenduazlolalny augivenrans

FruIumienna (vu.uTsens-su U iRns-vu Anviioauey)

1. Wi 01421324 3(3-0-6)
¥RV e walAn1swizidgseaduasiiadodmsuinemanstiningsd
YaIN1DINgE Cell and Tissue Culture Techniques for Radiation Biosciences

2. 5'1sﬁ?m‘ﬁwaaﬂﬂag‘luwu'm%ﬁzﬁuﬂ%muﬁgqm% Fatl
() VReRANS ALY MU
V) wnminiawglundngasineimansiudia arviiviivenmansdiniwsed
( ) Avnanwizdfu
) Fvnawdon

() vaamYvndsnas

() AUIMTEMTUNINGAT s ANVTIU Yo .
3. Awideaieuniiou 01421221 waNNIMIAINEIAARSTINNSIE (Principles of Radiation Biosciences)
4. Awideadvunioudu Taidi
5. Auiidavinsedan Fuil 15 iy waineu w.e. 2564

6. agUszasdlunisilagiedvn

6.1 AUAIAYVRITIEIY
miwaLgaawaﬁLLaz;ﬁaLﬁaLﬂuawuﬁﬂﬁm'aeamiwﬁmﬁaaEi'Nma‘?nmwﬁhw%"uam"’mmﬂwamﬁ’m’lwé’aﬁﬁ%
Wulsrlowidmsuiaaiaulseinnanuiuasine msviausinivesnsussendlded lelelnuag
wnilamsuadeslumsadnuduasyadiiuanlasaiisaymsvimiihivosdaidialunedainen
RS gRAMNTTHTINTN MINuAT kaznsianisaunadon

6.2 nadwsTRaTuRUTEn
6.2.1 UFsaunsaeiuiganudAywarnIzUIUMIN3sNMet 1 mMITIAWEMSUNUINEEER ST NS s dene

wadamsinzdsasaduasiodold
6.2.2 TRsEmnsonumuisiauomadannsuszendldmamvdsaraduasiaidosuiuid lelslnnde
wadanatuadeslunuliningmans GREMNITUTINM MTNYAS gWNTuaENIIANISAwIndeuld
7. A195UBIEIYT (Course Descrlpt|0n)
wmmENm'swaLamLﬂziaaLLaumataa‘tua'au’mmmawﬁ'ammaa mwanuuwmﬂﬂummimmammaa
meumaa mmUaa@maLLaumﬁmaaﬂmmwamgmmi msm%maqwagﬁm f'l"l‘iLWT"LEIEJ\‘IL‘UﬁﬂLLﬁvLUEJLEJBW‘U
N13LWIE mam}aa%auma 3Y5TTUUATANUAAYMIUATEEAIVBINITNY doavaduazii o slusninenmans
Fanm dnsasanisufun
Roles of cell and tissue culture in radiation biosciences. Design of cell and tissue culture laboratory.
Safety and quality assurance of (aboratory. Animal cell culture. Plant cell and tissue culture. Microbial cell
culture. Ethics and economic significance of cell and tissue culture in biosciences. Demonstration of practice
required. |
8. 219158K AU

eazdsanuivsnglunuini 3 9o 3.2
9. UNUTILANINITNSZIBAMUTUAATIVINATFIUNAMTGEUTaINMANgASE T Y
(Curriculum Mapping)

TeagduanuAvTInglunined 4 4o 3



= . 9.0, 1-1
wuudRagatns e vy :
sEAUUSYINI
madudeduszenduazlelalny anzivendans

Jumiieia (u.usee-vu U iRns-ru Anwnmsaue)

1. W& 01421413 ' 3(3-0-6)
Foinawlng wasieiugulunsszgndldseduaylelelny
@fa%mmmé’anqw Basic Metrology in Applied Radiation and Isotopes

2. meinivedaegluvuanivissiutiyyng ded
() AN NEUAITE. oo
(V") wnedviawzlundngasineimansiudin auiviveiaaniiinmsd
() Anawzdanu
(V") 3rawziden

() wedvudentas

£ ) TS TN T B i
3. Anideaieuniniou Taifi
4. Fwideuisuniouiy Taidl
5. Yuiidaviiseiun Fuil 15 ou woednieu w.e. 2564

6.+ IngUszasdlun1silngeiv

6.1 AMUFIATYVDITIEIY
wasinendumansidunumddyadediavsedriu nswauninermanduaznaluladniswamn
amamNIIL LarnsisEnitesana nmsdasieivmnsine i ugiuluivermanidinmsadaseae
aduayumstaauamnsavesidndunisandnseinsdadulaldusslovdainuanisialuay
Inenmanitinmiduarauiisadesldegamnze
6.2 wndwsAaTufulan
6.21 fAnanunsasdusanszddyvesmisinmanemanidinmied uasmadenienisfrdulavuiugiu
vawansinfigndosnumdninasiven
6.2.2 Tanannsaufiinuaduayunisiansanumienveieslfiamsiauarasuiiivy mawiaaissiotn
Winfoulda msnausunsaeudiisuinisdotn uavinssuiifsadosuuitusussuunasingds
NNVUILUALTEUUAMATNANNLNAIFILAING
7. A195U1w318391 (Course Description)
unumiaza gy rennaTIetlunmsUssgndlifduaslelelvny vdnmivewasiveuasnsin ssuu
TN 1ATIMGINTUTETUUAMAM TTUUNMIATIRFaUdoundy mylaminmeniw nsdianwuinsivetlunmsussyndld
Seduazlolalny '
Roles and importance of metrology in application of radiation and isotopes. Principles of metrology
and measurement. Measurement system. Metrology and quality system. Traceability system. Physical
measurement. Case study of metrotogy in applied radiation and isotopes.
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Theory of radiation science. Concepts of radiation physics and radiation dosimetry. Dosimetric units.
Radiation chemistry. Principle of radiation chemical dosimetry. Radiation chemical dosimetry. Applications of
radiation chemical dosimetry. Computer simulation for radiation dose. Case study of using radiation chemical
dosimetry in biosciences.
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Definition of plant stress. Mechanisms of plant survival under stress conditions. Roles of radiation
biosciences in biotic and abiotic plant stress management. Biotechnolegy in detection and screening of specific
stress tolerance-plants for sustainable bioresource utilization. Case studies of radiation biosciences for
agribusiness plant production under stress conditions.
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Concept, definition, process, typology and socio-economic roles of innovation and bicinnovation.
Development of radiation biosciences based bioinnovation and business opportunity. Roles of involved public
and private organization. Entrepreneurship, business startup and pitching of business idea from radiation

biosciences.
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Theory of radiography, types and properties Concepts of quantitative fluorescent microscopy.
of radiation in radiography, films and film processing, | Fluorescent microscopy of live cell dynamics imaging.
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Overview of nuclear medicine. Radiation safety in
nuclear medicine. Dosimetry of internally administered
radionuclides. Nuclear medicine instrumentation.
Radiochemicals and radiopharmaceuticals. Clinical

nuclear medicine. In vitro Binding assay.
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Sources of environmental radicactivity, physical
and biclogical transport pathway
terrestrial and aquatic through food chain, environmental

in atmosphere,

monitoring and surveillance, lesson .from nuclear

accidents, risk and environmental impact assessment
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Sources of environmental radioactivity. Physical
and biological transport pathway of radio-nuclides from
atmosphere, lithosphere and hydrosphere through food
chain. Concept of environmental monitoring and
surveillance.  Sampling and sample preparation
techniques for environmental radioactivity analysis.
Principles of radiological risk assessment. Mathematical

models in radiological risk assessment. Lesson learns

from significant nuclear accidents.
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Radiation  and  chemical

mutétions by radiation and chemical mutagens,

mutagens,

molecular basis of mutation and DNA repair mechanisms,
mutation research and its application, environmental
mutagenesis and mutagen testing.
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Principle of induced mutation. Radiation and
chemical mutagens. Induced mutations by radiation
and chemical mutagens. Molecular basis of mutation
and DNA repair mechanisms. Integrated techniques of
induced mutation and tissue culture. Mutation research
and its application. Environmental mutagenesis and

mutagen testing.
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Applications of radiation and isotopes in
agriculture and biology, uses of radiation in food and
agricultural product preservation, entomology and plant
breeding, animal production and health, applications of

isotopes in agricultural researches.
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Applications of radiation and isotopes in
agriculture and biology. Using radiation on food and
agricultural products to preserve food and extend shelf
life. Uses of radiation in entomology, plant breeding,
animal production and animal health. Applications of

isotopes in agricultural researches.
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Basic knowledge of nuclear chemistry, setting up
isotope laboratory, nuclear reaction and synthesis of
isotopically labelled compounds, principles of
radiation measurement and types of radiation
detector, liquid scintillation counter and sample
preparation, experimental design using isotope tracer
techniques in biology, applications in agriculture and

environment.
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Basic knowledge of isotopes. Principles of working with
radioisotopes and setting up radioisotope laboratory.
Synthesis of isotopically labelled compounds. Principles of
radiation measurement and types of radiation detector.
Gamma spectrometry. Liquid scintillation counter and
sample preparation. Autoradiography techniques. Isotope
dilution analysis. Experimental design using isotope tracer

technigues in biology.
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Chusreeaeom K., and N. Roongtanakiat. (2020). Selection of vetiver grass based
on growth and nutrient content under saline water irrigation and
waterlogging prior to mutagenesis. Songklanakarin J. Sci. Technol., 42(1):

229-235,
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Somsap, N., Srakaew N., and Chatchavalnich K. (2019). Microanatemy of the
female reproductive system of the viviparous freshwater whipray
F[uvff}ygon signifer (Elasmobranchii: Myliobatiformes: Dasyatidae). . The
ovary. Zoologischer Anzeiger, 280: 52-64.
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| Rithidech KN, Jangiam W., Tungjai M., Reungpatthanaphong P., Gordon C., and
Honikel L. (2021). Early- and late-occurring damage in bone marrow cells of
male CBA/Ca mice exposed whole-body to 1 GeV/n 48Ti ions Pages.
International Journal of Radiation Biology, 97(d): 517-528.
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Chuawong, P., Likittrakulwong W., Suebka S., Wiriyatanakorn N., Saparpakorn P., M 1.0
Taweesablamlert A, Sudprasert W., Hendrickson T., and Svasti J. (2020).
Anticodon-binding domain swapping in a non-discriminating aspartyl-tRNA
synthetase reveals contributions to tRNA specificity and catalytic activity,
Proteins: Structure Function and Bioinformatics, 88: 1133-142.

a a =
3 Nﬁﬁﬂu%"ﬂ?'ﬁﬂﬂﬂ‘ﬂﬁﬁﬂﬁmb’au

4. wanwirnissuldden




.

WUUHBSUUTIUYNSUNAIIUNISIYINTS

M erasdfFuiinveundngns M aransduszimangns
O onsddfaau | L1 avvrseiiie

o = &
Fo-urudna as.dudnd Unaznid
du3anisAnwszauUSyaien w.e. 2547

Praiboon J., Palakas S., Noiraksa T., and Miyashita K. (2018). Seasonal variation in
nutritional composition and anti-proliferative activity of brown seaweed,
Sargassum oligocystum. Journal of Applied Phycology, 30 (1): 101-111.
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%aaﬁ'm'!v’lifancw Radiation and Isotopes for Radiation Biosciences

U lususseny

Overview: definition, sources and role of radiation in biosciences
Nuclear stability and law of radioactivity

Nuclear reaction and isotope production for practices involved biosciences
Basic radiation detection, measurement, dosimetry and units
Justification of using ionizing radiation in biosciences

Interaction of radiation with matter involved biosciences practices
Concept of radiation protection, radiation safety and radiation security
Application of radiation and isotopes in agriculture and food production
Application of radiation and isotopes in life and health sciences

10. Application of radiation and isotopes in bio-industry

11. Radiation biosciences and environmental management
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WA _ 01421322
Fadvnenlne Wemanidanmisdiugeamnssudanm
Fodvnundangy Radiation Biosciences and Bio-industry
1. Overview of radiation biosciences in bio-industry
2. Cell based production of bioproducts
3. Type of cell factories for production of bioproducts
4. Radiation biosciences and microbial strain improvement
5. Kinetics of bioproduct production
6. Concept of bioproduct production up-scaling
7. Bioproducts isolation
8. Purification of bioproducts
9. Identification of bioproducts

,_\
o

Case studies of radiation biosciences and
bioproduction development
10.1 Radiation biosciences and enzyme production
10.2 Radiation biosciences and organic acid production
10.3 Radiation biosciences and biopolymer production
10.4 Radiation biosciences and alcohol production
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Overview of cell and tissue culture in radiation biosciences
Design and equipment for cell and tissue culture laboratory
Safety aspects of cell and tissue culture

Basic cell and tissue culture protocols

4.1
4.2
4.3
4.4
4.5

Aseptic technique

Primary cell isolation

Cell counting
Subculturing/passaging cells
Cell transfection

Animal cell culture techniques in radiation biosciences

ol
5.2
3
54
5:5
5.6

61
6.2
6.3
6.4

Roles of animal cell culture in radiation biosciences
Sourcing of cell lines

Cell types and culture characteristics
Cryopreservation and thawing

Testing cells for mycoplasma infection

Bioethics of using animal cells

: Plant cell and tissue culture in radiation biosciences

Significance of plant micropropagation in radiation biosciences
Plant cell culture techniques

Micropropagation

Cormmercial exploitation of plant biotechnology

Microbial culture techniques in radiation biosciences

)
7.2
73
74
7.5
76
g

Applications of microbial culture in radiation biosciences
Microbial culture techniques
Measurernent and kinetics of microbial growth
Scaleup of microbial process
Isolation of microbial products
Strain isolation and radiation induced strain improvement
Bioethics in Microbial Technology
57
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- 4‘ A‘ d o e -l ot
walAnswzdsgaauazidalod mivinemansdinmsed

Cell and Tissue Culture Techniques for Radiation Biosciences

ST lIUTIee

W W W

&



1A1las9518391 (Course outline)

eI 01421413 :
Fodvnmelve war e fuglumsuszendldiduarlelyiny
%‘aﬁmmmé’mqv Basic Metrology in Applied Radiation and Isotopes

.

1. Metrology in applied radiation and isotopes overview

1.1 Definition of metrology and measurement

1.2 Roles of metrology in sciences, technologies and socio-economic
2. Measurement system :

2.1 Measurement requirements

2.2 Methods of measurement

2.3 National measurement system of Thailand

2.4 International measurement system

2.5 System of units
3. Principles of metrology and measurement system

3.1 Measurement standards

3.2 Calibration and traceability

3.3 Uncertainty of measurements

3.4 Confidence in measurements

3.5 Measurement systems analysis

3.6 Decision rules for Proving Conformance
4. Metrology and quality system

4.1 Metrology and quality management

4.2 Measurement uniformity assurances

4.3 Metrological qualification measuring system

4.4 Procedure development for measuring system qualification
5. Traceability system

5.1 General components of traceability system

5.2 Level of Traceability

5.3 Traceability declaration

3(3-0-6)
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. Concept of physical measurement in biosciences 9
6.1 Measurement in physics and chemistry relevance to applied radiation and isotopes
® (lassical measurement
® Quantum measurement
® Reference frame
6.2 Measurement in radiation biosciences
® Phylogenetic classification and nomenclature of biological samples
® Genealogical measurements
e Synchr‘onic aspects of measurement
. Case study of metrology in applied radiation and isotopes 6
7.1 Classical and quantum metrology in applied radiation and isotopes
7.2 Quantum optical coherence tomography in positron emission tomography (PET) .
7.3 Squeezed light enhanced particle tracking in biological samples

7.4 Quantum super-resolution in fluorescence microscopy
y LRt
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FoYvrnrelng msnTviaviuidnmaaiidmivinermandianimied
Fodmawdangu Radiation Chemical Dosimetry for Radiation Biosciences
$nnuthlusussens
1. Theory of radiation science

1.1 Radiation and need for its measurement 1.5

1.2 Physical features of radiation 1.5

1.3 Radiation sources : 1.5

2. Concepts of radiation physics and dosimetry

2.1 Properties radiation fields ' 1.5

2.2 Radiation detection and measurement 1.5

2.3 Photon and particle interactions 1.5
3. Dosimetric units 1.5
4. Radiation chemistry: .

4.1 lons excited molecules and radicals ‘ 1.5

4.2 Water radiolysis

4.3 Radiation chemical yields
5. Principle of radiation dosimetry

5.1 Radiation Dosimetry

W W

5.2 Technigues in radiation.dosimetry
6. Radiation chemical dosimetry

6.1 Radiation chemical dosimetry

6.2 Fricke dosimetry/ Ceric-cerous dosimetry

6.3 Polyacrylamide gel dosimetry/ Radiochromic dosimetry
7. Applications of radiation chemical dosimetry
8. Simulation in radiation chemical dosimetry
9. Case study of radiation dosimetry

37U
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W3 01421425 3(3-0-6)
Fadvrnrelve Inemanstinmidtumsiansanneiaiuavasiy
éaﬁmmmﬁmq& Radiation Bioscience and Plant stress management
Srnudalusussene
1. Introduction
1.1 Definition of plant stress i 1.5
1.2 Plant survival under environment stress 1.5

2. Role of radiation bioscience on abiotic stress management
2.1 Radiation stress
2.2 Temperature stress

2.3 Water stress 3

2.4 Salt stress 3

2.5 Soil pH extremes and Nutrition' stress 3
3. Role of radiation bioscience on bioctic stress management 6
4. Impact of light and radiation as plant elicitors

4.1 Relationship of stress and secondary metabolism in natural plants 3

4.2 Stimulation of stress in in vitro plant tissue cultures 3

4.3 Stimulation of stress in indoor plant factory 3

- 5. Biotechnology for plant stress detection and screening ‘
5.1 Enhancing stress tolerance-plants through mutation ; 3
induction techniques
5.2 Molecular techniques and methods for plant stress isolation 3

6. Some case studies of radiation biosciences in the production of
plant under stress conditions for agribusiness
6.1 Economic crops 15
6.2 Sub-tropical and tropical fruit trees ‘15
6.3 Vegetables
6.4 Medicinal plants
U 45



1A1lAT951873%1 (Course outline)

kil 01421426

Fadyrnlne

d a a
YBIYIATWIDING W

QN oR

FrwinnTsuuasTenmanisgsiavesinenmanidannied

Bioinnovation and Business Opportunity of Radiation Biosciences

Concept, definition, development process and typology

of innovation and biocinnovation

Socio-economic roles of bioinnovation
Development and business opportunity of
radiation biosciences based bicinnovation

3.1 Bioinnovation in life and health sciences

3.2 Bioinnovation in agriculture and food

3.3 Bioinnovation in Bio-industry

3.4 Bioinnovation in Environmental development
Entrepreneurship development

Startup of radiation biosciences based business
Roles of involved public and private organization
Development of simple business plan

Business pitching techniques
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Fodvnwlng Msden NIl
Homawdangy Molecular Radiobiology Imaging
AAUTTENY
Frunudilueussens
1. Biochemical, Biological, and Biophysical Background 3
2. Concepts in Quantitative Fluorescent Microscopy 3
3. Fluorescence Live Cell Imaging 6
®  Fluorescence microscopy basics
®  The live cell imaging microscape '
®  Microscope environmental control
®  Fluorescent proteins
4. Fluorescent Proteins for Quantitative microscopy 6
@ Optical and physical properties important for quantitative
imaging
®  Physical basics for fluorescent protein properties
®  Evaluation of fluorescent protein performance
5. Molecular Basics of the DNA Damage Responses 12

® Y-HZAX in DNA damage response

®  DNA damage signaling downstream of ataxia telangiectasia
mutated (ATM)

®  Checkpoint control following radiation exposure

® Chromatin responses to DNA damage
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1. Principle of Light Microscopy and Sample Preparation and Staining 3
Techniques

2. Principle of Fluorescence Microscopy and Sample Preparation 6
Techniques g

3. Fluorescence Labeling 6

4. Cell Culture and Irradiation
®  Preparation of cell culture 6
® |rradiation of cells 3
®  Sample preparation and end-point determination .
Blood Collection and Irradiation 6

6. Immunofluorescence of Y- H2AX 6

6

7. Fluorescence Microscopy of Y- H2AX
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FVGRL 01421221 3(3-0-6)
Fadwrnwnlny VANNTYaINETIAART TN WS IE

o o o ek A . .
ADAYINIEIDINE W Principles of Radiation Biosciences

U LIUSTEW

. Principles of radiation biosciences overview
Cellular structures and functions in radiation biosciences
Subcellular structures and functions in radiation biosciences
. Synthetic living machine in radiation biosciences
. Enhancing of values and utilities from biological structures
and mechanisms in radiation biosciences
5.1 Agricultural application
5.2 Application in life and health sciences
5.3 Application in bio-industry
5.4 Application in environmental management
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LA1lATI518391 (Course outline)

AU 01421323
o a ca a ¢ & v
Fadvneineg LIYAIARTUILARYSIUBIAY
Fadvrnundengu Introduttion to Nuclear Medicine
1. Overview of nuclear medicine
2. Radiation safety in nuclear medicine
3. Internal dosimetry in nuclear medicine
4. Nuclear medicine instrumentation

4.1. Radiation detector

4.2. Imaging instrumentation

4.3. Planar imaging

4.4 Single photon emission computed tomography (SPECT)
4.5 Positron emission tomography (PET)

4.6 Hybrid imaging systems: SPECT/CT and PET/CT
Radiochemistry and radiopharmaceuticals

5.1 Radionuclide production

5.2 Radiotracer production

5.3 Radiopharmaceutical quality assurance

Clinical nuclear medicine
In vitro binding assay .
Field trip to the hospital
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Fodgrmwlne Audunnmiddwangen
A - ol . . s
YAIYIN I8N Environmental Radioactivity
U LIUTTENE
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1A1lAs9518391 (Course outline)

Wa3Y1 01421421

o a o a ”
Fadvnreine Fruazmananeiug
Hadunwndangu Radiation and Mutation

o I o

10.

Principle of mutation

Type of mutation

a. Gene mutation

b. Chromosome mutation

c. Extranuclear mutation

Radiation and type of radiation

3.1 Non-ionizing radiation

3.2 lonizing radiation and its biological effects

3.3 Mutagenic radiation

Induced mutations by radiation

Chemical mutagens

Induced mutations by chemical mutagens

Induced Mutation in Plant Breeding and Practical Applications

7.1 In vivo mutation breeding

7.2 In vitro mutation breeding

Environmental mutagenesis and mutagen testing system

Mutation and their use in insect control

- Sterile insect techniques (SIT)

- Mutation breeding in silkworm

Molecular basis of mutation and DNA repair mechanisms
73U
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1A1lAT9518791 (Course outline)

TWEIYT 01421422
Fodvarwlng Sduaslelelnulunisineng
Homarwdangs Radiation and Isotopes in Agriculture

1. Introduction
2. Food and agricultural product preservation and and extend shelf life
by radiation
2.1 meat and seafood
2.2 vegetables and fruit
2.3 tubers and bulb crops
2.4 spices, herbs, condiments and dried food ingredients
2.5 regulation and control of irradiated food
2.6 the use of radiation in entomology
2.7 radiation disinfestation
2.8 radiation sterilization
3. uses of radiation and isotopes in entomology
3.1 silkworm mutation breeding
4. The use of radiation in plant breeding
4.1 sexually propagated crops
4.2 asexually propagated crops
4.3 in vitro culture
5. Applications of isotopes in agricultural researches
5.1 stable and radioisotopes
5.2 tracer techniques
5.3 applications of nuclear techniques to study soil moisture
5.4 contents, soil fertility and fertilizer used efficiency
6. The use of radiation in animal production and health
6.1 characterization of feed and animal genetic resources
A 6.2 assessment and reduction of risk to livestock and livestock

7. Report
37U
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1A1lAse51838 (Course outline)

I 01421424
HoAgnrwnlne watansmuseenlglalelnunistininen
ﬂaﬁﬁ’lmmé'enqu Isotope Tracer Techniques in Biology
ANAUTIENY
5. Basic knowledge of isot&:pes
6. Working with radioisotopes and setting up radioisotope laboratory
7. Synthesis of isotopically labelled compounds,
8. Principles of radiation measurement and types of radiation detector
9. Gamma spectrometry
10. Liquid scintillation counter and sample preparation
11. Autoradiography techniques
12. Isotope dilution analysis
13. Experimental design using isotope tracer techniques in biology
U
aaufianmg ;
1. Gamma spectrometry: energy calibration and measurerment process
2. f_iqu'id scintillation counting: quench correction and efficiency calibration
3. Liquid scintillation counting: Cerenkov counting )
4.  Autoradiography techniques using imaging plate
5. Experiment on isotope tracer techniques in biology
5.1 Facilities and setting up of radicisotope laboratory
5.2 Experimental désign
5.3 Ordering radioisotope and preparation of planting equipment
5.4 Hands-on planting and harvesting of crops
5.5 Preparation of samples for imaging
7 5.6 Result evaluation
6. Group presentation, discussion, and conclusion of experimental results
bty
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on growth and nutrient content under saline water irrigation and
waterlogging prior to mutagenesis. Songklanakarin J. Sci. Technol., 42(1):

229-235.
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Somsap, N., Srakaew N., and Chatchavalnich K. (2019). Microanatomy of the
ferale reproductive system of the viviparous freshwater whipray
Fluvitrygon signifer (Elasmobranchii: Myliobatiformes: Dasyatidae). I. The

ovary. Zoologischer Anzeiger, 280: 52-64.

UTINYNTY FTAUAMINTWHE| A1
v g a
(Miszy A-U) dmiin
1. HAIULAIYIDITEUSEY fN91 MiladeausaunAnuivanis
2. HasUIde
M 1.0

- o =
3, HAIUYNEIYINS lUAnUIEAY

4. wavirinissuldday

104




WUUNBIUUTTUNYNTUNAIUNIIYVINTG

M onasdfFuiinveundngns M evansdusdmangns
¢y ¢ a
01 onansdifaou O sransdies

Fo-urwdna feaeransansd as. lwyad Faswmumad

dusamsAnenszAuySeyien w.A. 2549

USTYNTU FLAUAMAMNGSIY| A
L4 g ar
(hissy A-U) | wiin

1. HAUUAIYSBISEUS BN fins wilsdauSaunainuivinag

2. HaIUATY

Rithidech K.N., Jangiam W., Tungjai M., Reungpatthanaphong P., Gordon C., and M 1.0
Honikel L. (2021). Early- and late-occurring damage in bone marrow cells of
male CBA/Ca mice exposed whole-body to 1 GeV/n 48Ti ions Pages.
International Journal of Radiation Biology, 97(4): 517-528.
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Chuawong, P., Likittrakulwong W., Suebka S., Wiriyatanakorn N., Saparpakorn P.,
Taweesablamlert A., Sudprasert W., Hendrickson T., and Svasti J. (2020).
Anticodon-binding domain swapping in a non-discriminating aspartyl-tRNA
synthetase reveals contributions to tRNA specificity and catalytic activity,

Proteins: Structure Function and Bioinformatics, 88: 1133-142.
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Praiboon J, Palakas 5., Noiraksa T., and Miyashita K. (2018). Seasonal variation in
nutritional composition and anti-proliferative activity of brown seaweed,

Sargassum oligocystum. Journal of Applied Phycology, 30 (1): 101-111.
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