o 4
UYUNNVBIAITU

A9Us19013 AAAINISUAIENS. 1WA UINITAAINIT ns. 8124

D.

o/

N 19u 077 /2564 JUN 11 Suieu 2564

d‘ a L U a v a I3 =y
1999 MsUasuatnInugnuuINg AuLIMNTIUFANANI U 2564

(oY WUTINIAIYN

froamydmnssumans Sulgunsdaaiuaiuayy msdfiuamidevesonansduas
ynansvesumIvends lnednassiuneldvesnas WDunuganyuide Javeilguauynainsves

AR LEuslAsINITIve e TN Al

1. vuarvayuinddelnl Jsgdl 2564 AUUTTNARNEAAINTIUAERNS
A u UV a v 1 a L3
309 yuatduayuiinidelnl Angdmnssueans

. 2. yugavyumsideiieduindeunnugnsmans Uszdnl 2564 mulsenia

AugimnsIuAans 1303 ugavyumsiveiteduinfouunugnsmand AnIMNsSUAERNS

o v (3 [ LY Qv W ! v o a U o a e [J
T,ﬂamﬂisa\m%‘uasuwuauuauum'i'mamﬂa'n QSG’IE]\‘)W]L‘I,Juﬂ"liﬁ]ﬂ‘ﬂ"lLLUULﬂUEJIﬂ'i\‘]ﬂ’ﬁ’J’\]EJ UIU

3 qn leeamnsanniilvaauuuneiulaf https:/mww.eng kmutnb ac.thiweb/research-unit

1 1 a ) A U a v L S {
LAZEINIUNIAITTY SJ’]WSENﬂﬂJUthEJ’J"ﬂEJLLﬁ%‘LJ’N]ﬂ'ﬁlJ aeluduil 28 wwwieu 2564

o o < ' YR 1 = Y
FueunnielusanuuastisUssnduiiusiiyransiaulaniulaeiany

2 N

AS.HNAS nindauw)

TRIANUAENBATLATUINNTTU



Uit ..-‘*':
UsenAnEIFNSSuAEns

309 yuatvaywinddelnl anedmnssuaans

Tnefidunmsaumsususssmaanriumalulagnszaeuinawszunsivile (Seq vuaduayy

(%

UnAdelnl Agdmnssumans we. 2550 asiudl 7 Squieu 2550 wariwdluiisdis ivanzaudau

afesuanumlude 4 4o 5 wazde 6 4o vessEmAuvIedumAlulaEnszAENNG"
wszuAsnile 1389 yuaiuaywinIdelvnd aaugdmnssumans wa. 2553 Usgneufunfnnenssunsussindgiuy

v
Yo a

A5 Aagdmnssueans luasussguasal 1/2558 Wietul 21 unsiau w.e. 2558 Feeenusenielicil

f01.  luvszmei
dunu e dunuauusemaunIedeinalulagnszasung
wsruasinile Fosmsdadsdunuluminedomaluladwszaomndmszunsivilo
wmthdwnu  wneds duwihdwnuaulssmauminerdemalulagnse
Jeundmszunsmile Sosmsiasdiurilusminedumaluladnszaoundnsuasiuie
YAAINS GRERN winuuwTIvends wonmufitay wazdinsniswaseuly
an1tugaufny ludsinuinerdewelulagnszasuinamssunsivile
AMENIIUNNT et ANENTIUNITUSTETEIU
Un3d vl GERE Fitlainelizuyu mudssmaaatiunalulaBnsyaound
wiguasmile (3es yuauayuinddulmi A
Amnssumans e 2550 uazsidugiigelifimumiona
M
1Asam sy e Anssudnmsmadmnssumansiiieafunsing
VNABNATT NNNTEITIT NIMIUTERYS N19N1TVARDI
msmsleneideya muiiienssuduivhlviie
ANUAIVIMIIVING
nidufides wneds fitnanuiRuilunsasnmsioglugudeyasna 1S
Tusou 5 9 fldifudunilwvasmsfne uagiissaunisel
waziaalunmsmiiugua Tiduusiwimihlasenis
f02  fusvasdasosumsativayuniduasdednuaniiuasufiRnuieulsie il
2.1 pruantiuastouly
2.1.1 uyamnsludefanaeimnssumans vioomsdfauiifidygd 9 Wouduly
u,as"l,ziaEjlusswiwms"l,ﬁ%’uaqﬁﬁm'ia"|ﬁnmsiaﬁ'qnszﬁmimﬁnmsiawzhu wan1s
mAnwseLhuan |
) 2.1.2 vnthlassmsdeadugilingldsuu muussmaaatiunaluladnszaound

v

wszunswile 1509 yuatuayuinidelml aagdanssumans we. 2550 uaslug

v

Adalafiswvdamadvnisg



2.1.3 Tassnsidedeeiiindduiiasesineglulasenis

v

2.1.8 naanAedaddsumsiitun vismausuliiinuwlunsasininsseduni vie seau

Y
v av

A videluiivssadnmsseduununei Taelitnddeideadudsuuseing
UNAY (coauthor)
2.2 wuuauelasin1side
anuzfoasdsimiuuuiauelasimsifaitevesunisaduayuiss Tasuuuiaue
Tnssmsifomsusenausedemasiolui
221 Telasans
222  wie wnthlasins fuilasinis wasmbsnuiidein
223 vENMILAZMARE
224 fnquszasduazustloniinininegldtu
225  vsulnveIimitouaysuideuisivy
226 Uz

va o

2.2.6.1 AMBUWNUAMYHITY

1%

2262 A

il

83 BuAzLNNTIDUY

Y]

2263 frdaguavagine
2.2.6.4 @AM 190
2265 AR Uaz/vTe AATzisieEa
2266 swiwdug Asududed
2.27 unuszeznanmssiiulasinisluusartuneussyiuiinenuanuinmife)
228 Audl uazUssaunsalvasiuiilasans §aulasims uazenanstiuiam
22,9 vnthlasns {533 uazernsdiiuinu ynauastesunsunsiauslasems
2.3 MIATBNU UagN15INeEU
23.1 anziiusevhiuiintennadlifuamey
23.2 angrimuamseduial
2321 Hw¥ovay 50 veaduuideluiuasdelutuiindennasmu 4o 2.3.1
23.2.2 twovar 30 veaslunitelutunsnuamuiiuthadusn Tnedfunuses
A499UNANLININTG
2.3.2.3 de3peaz 20 veaiunuiieluiudmanuilenude 2.1.4
2.4 FURUNUABlATINTG

' [

g agliuaduayulasinisazliiu 150,000 v wiaduAmeuunuinideuasdreide
Yovaz 40 Twdeiduldtnglunisvinide
2.5 szpgiia1vedlasns 1 U
2.6 mMvuamMsiasanlasang
AugnssINsaERinsanlassmsivesumsativayu ludeuliquisuvemnd
2.7 madndulvinsatuayunuide
ANZNITNNTUSTEIEINUITINS Augdmnssumans TneAuughanAugnssuns
daadunideuazuinnssuaiansanoyd@inuide  uasmsiansanvesrmuznssunsUssidamundnng aug

a v, <
Fennssueanslitieiduiign



fo 3 AurazUszmAsofelasamside sulssnadfiaiuayy uassietennzfidelimaulasmly

o 4 anzanuASavenidnmsatuayulasmsidvlaq Aldfianufinmihvindans wasliinddeiu

a a v

d‘u 5
Runudensuluvianun
fo 5 TenzdnasstuseliuazaenieRuihndrumilaiedumidenudes 2.4
do 6 nsdiifymlunisifedeuienisfimuiioufifinismudszniail anudisunaidadedann

wazlifeiduiiagn

Usenid o Ul M Swien w2564

N

(599aNT1A758 A, RANLAYTA UUNUWAT)

ANURRMEIFINSTUFAERNS



£
UszmanuzIfmnNIsUFAEns

509 YuganyUATeduInABULHUENSANENS

Auzdmnssumans  uminendewmaluladnszasuinainssuasinie dulauie
duady uazauayuuitoienouauesgmsenansnsimunnase wazduindounuideiinevland
Tnenseeynoransvessema ielinssdunuduqnine uaziiussansam Taefiduns
aupsenidnUszmamingdomeluladnszeundmszuasivile Sos ndninasinslimideuas
WanlasansimnssuiRmusnfuaIAgAaMnssL ANEAMINSTUANERS asfudl 12 wquanay
2551

azthl odusunanuawlude 24 vestedidu umivendemaluladnszaauindd
nszuAsIiladInniy mMsiindeldusielaumine1ds w.a. 2551 YsznauiuuinnenIsun1susean
druadnnig angdmnssumans luasnussquadedl  2/2563 1leuil 26 puaius Jeeen
Ussmelliad

$0 1. Tuuszmed

du9u PEnN drununuUseniFunInendewalulagnszaounan
wszuaswile Besmsdnmdiunuluuminedomaluladnszeouindmszunsinile

ARY RN AMEIAINTINANERNS

VINEINY THNgEs Wvithdruanunudseniaurmineaemalulad
WizIBMNAMTTUATINLe Fosmssamsaruniluuminedomaluladnszasuindmseunsinile

UAAINT RVARENRE MINNUININeNds wiinaufiley wagdnsenis

waseuluandugaudinw ludsinuminerdemalulagnszasundmssuasvile

ARZNTIUNTS  VIUNEDd ANENTTUNTTUTEINAIUNU

fo 2. AuautRuavRoulunsatvayy
< v a '3
2.1 Juyaansludsinaugimnssumans
2.2 Julasamsnauiiuntsmeluanninende
- | = = A o a a o W ) 1%
2.3 lailfudunisvenmsinwiiesuusyymseusematednslag vswimin
1A59N15398
2.4 mnaglafunuatuayuinidelvil augdmnssumans deslalasinsla
Beusamuieulunisiunu |
2.5 mhenuiudaindiureueyiinmsiiliumidensenlasimanuieuluiinmuali
2.6 ANENIIUNITAUaSHIITY ulRnsTuLazuSNITITING ANEAAINTINANENS

° 41 o v v W ¢ a v
dIUINNTNUN au1°U N iauuﬂ‘qu Iﬂaa\‘lﬂaaﬁﬂu LLNUE‘J‘Vlﬁﬂqamiﬂmg'Jﬂ'JﬂiiﬁJﬂqamﬂﬂ



v v [

{9 3. wuuiauelasinside angddeazdesdnriuvuiauslasanisiiievaiunis
aﬁ’uaqunu‘ié’a‘lﬂaLL‘UULauaiﬂiamﬁﬂ“amsﬂssnauﬁwﬁamﬁwialﬂﬁ
3.1 Felasans
3.2 51890 shnthlasams §anlasams wagmbhenusudadte
3.3 NANNSUALIUANA
3.4 Yngusease
3.5 seiguinde
3.6 YBULIAYBINTIVY
3.7 Uszlewiiaainaglasu
3.8 quUszunu
3.8.1 suyAmIng (suavualiliiuiesay 40)
3.8.2 quALiiuay
- Artanuagenldaey
3.8.3 sUanu(end)
- Agfiauan
- Aanlpasng
3.9 wuszpznanseiulasnmslusiaztuney (szyfufienuauinimtiiie)
3.10 AadluazUsEaUN1IalveInMEIdY

3.11 hlasinisuagdsuidennauaeiunsumsiauslasinig

Yo 4. TnssmAfeiilisunuauszmail naeuidedldfesdimameuns  Tnodos
thiausluiiUssegivmsieglugiudeya Scopus wieitaimeunslunsansinmseglugdeya
Scopus pgties 1130y msiRuuazmeunsnarulidulumamdninasiieafunsifuiuay
wounIHaITe Tnedesseyunasuaiivayudeynads uasluunauidelivsingdevmeh

Tasams3deidudeusn (First Author) w3ailutiedideundn (Corresponding Author)

98 5. NFAITIIULALNITINURY
5.1 auzidunswihdygilinuame

5.2 AMEANUANITINURUAIL

)

5.2.1 91e¥oray 50 veudunwidudlod sunuazgviuldvindryanuesuyuiug iy uud

Y 9 9 Y

1 ¥ a a v d‘ s 1 1 a o &
5.2.2 91w¥ewaz 30 veudunuiTeilledFunudesranasuide(manuscript) Aely

v 9

6 Wwouuanyhdygsunu  wagldsunsiusesnnanen TN TALEINOWITY UINNTTULAZUINT

391015

o ]

5.2.3 9185oway 20 veadunuidsluTuduenarsndngrunisimeunsaadnuidelun

9

a 13

Ussguivinisiieglugiudeya Scopus visdfiuriteunslunsasivinseglugiudoya Scopus

9819108 1 1594



uanantudesdsaguinsaniside agusiefu-sedie wazlinisiusesean
ANENTTUMTAUATUNUIY UINNTTUUALUINITIYING
5.3 UIURUNUABLATING
aniz azliuatuayulasensasliiiu 50,000.00 v windumpeuurudnids
uazffaeidelaitiu 40 % Awdedumlddelumsinide
5.4 58p2178108AlATINNS 12 ey
5.5 fmuansiTsalasing AngnTIuMIIgRnslasamsTiveSunsatiuayy
Tueuliguieuvasnd
5.6 nMssndulinmsativayuuidy
ANENTTUNITUSEIEIUIUIYTINIG Agdanssua1ans lagdAiuuziiain
AMENTINATANATNLATY WinnssukazuInITInnsesiansaneli@linuidy  wasnisiansan

¥p3nnznIsUMsUsTIN@I AT Nz denssurans it eiduian

0 6 AarazUssMAswTelATIMITe WlsBMTaTUaYY wasTedenuyity

Tinsulnevily

40 7 Anzanudndfezenidnnisaduayulasinisidelag nlidaiuiimi

Y L% a Y L%

MYeAuRunuITeNsUlUTavun

9

WA uagln
¥o 8 lHanzdnassituseliuaznenisRurndruniaiedunuidenude 5.3
4o 9 nsdiilgmlunsidedevienisimiuieujiAnsamuseniail Tianuidl

srunvddadedviauarlitieduiign

Useme o Suf A fluten w2564

S

(599AN@R319158 A3, EANLALSA WuNLA7)

ANURAMEIMINTIUAERS



