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Abstract

This research investigates the factors that affect the surface roughness and dimension of acrylic
workpieces cut with a CO, laser machine. The Taguchi method is used to analyze the factors
according to statistical principles, followed by an analysis of variance (ANOVA). The experimental
factors are divided into three levels: speed (1, 1.5, and 2 mm/s), maximum power (70, 80,
and 90 %), and minimum power (70, 80, and 90 %). The surface roughness of the specimen
will be measured using a portable surface roughness machine, while the size of the specimen
will be measured using an external micrometer with a precision of 0.001 mm, to determine
the post-cutting error dimensional. The results show that the speed factor significantly affects
the surface roughness and error dimension after cutting. Increasing the movement speed results
in a decrease in surface roughness. The main factors that result in the least surface roughness
are a speed of 1.0 mm/s, maximum power, and minimum power of 90 %. The main factors
that result in the least error dimension after cutting are a speed of 2.0 mm/s, maximum power,
and minimum power of 80 %.

Keywords: Taguchi Method; Surface Roughness; Error Dimension
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1. JanuaziA3oiio

Fanililunuddeiide e:p3anlansamsi v 10 Gedwes doduianidesliun
Tumyiidhuwiiuideriiundniananuds outheme q esnniufialaament fnnunmu
uwazudouss ezp3anazgadaugUfmAsudnianmn 20 x 20 dadAwns MmenIosdn@Ee3 CO,
(LINTCNC u LT-1390, China) fio3Ufl 1 femmunuaznausnyanniofinimmes Co, Famanoi 1
mIdnduNumsnIasAnEm@asuuy CO, Wy s:dunasdindnduaiunasauiuuuianin
meludulumeiemivoulasenled (€O, iletassnszulnihusogeluvinjaseordvoymamg
meluvaeau ssnlifndususaiimdnurmSeugouazdsmenaonuanuSoumuauda:iouuss
e Nozzle GofaudInisegmeluiodusuasliuauua:ianudngofisowefiozitlidunu
nRaNRzAIBuRzIADaNIINAY [17] - [18] nanmsviiuzesAlesfmmimes CO, AogUi 2
TuowAdeil FAdelihmarndunumenissinmges CO, munuunuiiimua TasEuduanms
sonuuuTurumelsunsn RD Works V8.0 dusmnsadoniudayaniuueinnIuAuLuy Ruida
Controller viliiASosdnshoumuuuuld Tsunsuansammunmiudsms 9 lumsanould
1 92809 0NIAA (Nozzle) Hofauudumu USuAsuuusnalusf) A1ms) (Speed) Mdsgaan
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(Max Power) uaziaosign (Min Power) tiufiu Tnomiidogogn (Max Power) Ao s:Aundoau
flidmsumgesiunudioduiudunssfinnusimuignasald daummdongn (Min Power)
fio szAundsnuilddmsuRnuuadulimemaiuluuuadunsofianmsissingu us:uy Ruida
Controller 9:430#ul “Min Power” 1ileifunaamsasusiu (MIDANUTNTINY) URZAzADY sy
MR0iing “Max Power” iilofiannmsafinun

20

(M) PWIATUINUAIDENI (2) %IRn (Nozzle)

1 d

(A) WIpoAAELEaS CO,

JUN 1 BunuietsuasnIsofn@@es CO,

MIWN 1 demnuauazAMaNYMETRIATBIAARITES CO,

WMDY . . . . PUIAAIIATOO -
N MAOLLFILRLYDT NoLmaI . . AN UEN
msm PDIALLAUY
LINTCNC 100 W dndidesuawnes 1980 x 1140 x 1220 <0.01
HNRLUAT
: . & d. N33V 1UANNIOUDDY ANULNBIANTI
u BROALALYDST NUNMU . ,
VoL Tumssnugogn
LT-1390  waeAund CO, 1300 x 900 ITUIBANNTOU 0.0254
LUUUARIA IafIAI A28 N8R
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Laser Source

Reflecting
1st Mirror f= [ L [l \-\_’

Reflecting
3rd Mirror

Reflecting
2nd Mirror

Focus Len

~— Compressed Air Flow

U2 nanmsviuzesAIBsAAE@Iges CO, [19]

2. msmuuAtadsMInAResmMosna

msmnuailadenisnaaendumsimuaiadefidonanssnuiualegonasnsAanale
\nTeufinaige3 CO, Ailadumsnanass:nauime 2 i fo Tedvasiuaziedoutsiu Taoiladend
IHun 2o snieiinn (Nozzle) BoRIUuIuOuNAD 14 deawns sodumilsonunanuui
waziladoutsin 1iun ANsT (Speed) MATFINA (Max Power) fdusan (Min Power) fauUs
AOUELOIAD AANUREIUAILEALARIAAREUDBIBIAGIBENasMsAn Tumsmnuns:Auzes
fadamsnaaeys ﬁ‘ifiﬂlﬁwmaaﬂﬁﬂ%uumu‘[ﬂﬂﬁmuﬂmﬂaﬁﬂﬁumﬂﬁhaﬁmﬁamaaumﬁhmmﬁq
maamﬁmm mﬁmmmwm‘lwmmsammumu‘lwmﬂaaﬂmﬂﬂﬂﬂ TﬂﬂLsumumﬂmimmuﬂmmmﬁﬂ
e maﬂ‘n 70 % VOIMNILNILALTDT ﬂiummmwﬂumimaauw 5 5zAu laun 1 1.5 2 2.5 uae
3 IRRNATADIUIN MURIAD m’gﬂ‘w 3(n) uaz (A) WU AP 1 1.5 uas 2 HaawnsAeiui
FDUANDZVIADINAIATUVUNZARIFAIA U Lwil,ﬁammL%ﬂumsmﬁlauﬁﬁ'uﬁmﬂu 2.5 uas
3 ARRWATADIWIN TNV TOUARIS mmﬁnﬂmmuummlm aaaammuma Fofeanusa
Tunmsirdeuiifingnd umIsnaouazaIen: QAIGHIN LRI Soanmas  lumsnaaeeEIRUADN
Lﬂumsmmaaqﬂqﬂu,awmqﬂwwﬂwumumﬂaaﬂmﬂﬂumaﬂmuﬂmmwﬂumimﬁ'auﬁﬂﬂﬁwhﬁu
2 fiadwnsaeduwi Tnsdmuamdogodauazidoign 5 53 lAua 50 60 70 80 uaz 90 %
PasmATURGALRS MNEIAL AogURl 3(2) ua: (1) WU WenARBRRfIBMAIgIRALR: AN
whﬁ‘u 50 uaz 60 % IBUANDTVIATINAINIUDULA LINZARIFAIAIUATI Lﬁﬂﬁﬂﬁﬂﬂﬁ?ﬁﬂﬁﬂﬁmm”
maﬂmﬂmmﬂu 70 80 waz 90 % TOUARNIZDINIINAING aanﬂmmumﬂ maﬂmﬂmnmamaﬂﬂﬂaﬂ
Uaz maamamwumﬂ'ﬂumimaua ANZANIGAINTURID: Soanndu donauiiiuldmudeivun
ﬂaamsaﬂmmammquu ﬂ'lﬁuﬂl’)’ﬂﬁbﬁﬂ&ﬂ‘iﬂmﬂﬂuﬂiﬂﬂvlﬂ‘}’]ﬂ’JWJJ%uTQﬂQﬂlJJLﬂu 15 AafLNAY
AumnfeIMsAne:ASANTRANMIINGS msmnunanuSTlumsnfeuTinfoomuazmaslnazsioogs

ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)




RMUTI Journal Vol. 17, No. 2 (May - August 2024) -
» 255506 BANZ-

RMUTI Journal

(1) FDVANDINAINIUUY () 998ANINAINIUVY
maulWgugauaziign 70 % ANuSIIUMIIARBUN 2 Bu. /TN
ANULTIUMSIARBUN 1 -3 1. /Ui maalngogauazign 50 -90 %

| JouAANZY H souRnlinzg

Lﬁﬂﬂﬁﬂhjﬂz’q ‘ ERULTIE) ‘

(M) YBUANIINHIAIUDY (9) JDUANIINEIAIUDII
maalngogauazign 70 % ANuSIlUMIIARBUN 2 WU, /N
ANULTIluMIIAREUN 1 -3 1u./3wi maalngogauazsign 50 -90 %

cl e e v ) s (=3 ar
U 3 manaseumszAvdadamsnaasslumuiasivuazanuiilumsdn

mnmanadeumszAuiadomanases AagUd 3 ¥ildmmnsadmunszAvoesiadendly
fuanasTlumsiaieudl masgeaauazidsagald Tnennmslumanioudsi 3 sziu Ao 1 1.5
uaz 2 TeAmATAoInd uasiAsgoaauazmaogad 3 52y Aa 70 80 waz 90 % Asnulunuideil
F3dedslAldmsennuuumanaassuuunind Tnediedeiidenansznuduiegonomun 3 dads
TnouAaziladodl 3 52Au A 3107 2 uasld Orthogonal Array wuy L9 (3°) Aum131oi 3

MIN 2 Jadeuazszavvestadslumsnaass

Jast s szAvDoIlade .
M (-1) a1 (0) g9 (+1)

Speed (S) 1 1.5 2 mm/s
Max Power (P1) 70 80 90 %
Min Power (P2) 70 80 90 %
Mmusnausuey ANUMENUAILAANUARIALARDUTOITUIANAINTAA

M99 3 Orthogonal Array L9 (3°)
Run Order Speed (mm/s) Max Power (%) Min Power (%)
1 1.0 70 70
2 1.0 80 80
3 1.0 90 90
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mﬁﬂ‘ﬁ 3 Orthogonal Array L9 (3°) (np)

Run Order Speed (mm/s) Max Power (%) Min Power (%)
4 1.5 70 80
5 1.5 80 90
6 1.5 90 70
7 2.0 70 90
8 2.0 80 70
9 2.0 90 80

3. MIIMAMANURVAILRLTUIAMIBEN

MFIAMANURENURAI: NS INMELAZ0 s TR URALUUNAN (Mitutoyo 31 SJ-210,
Japan) UATNOUNBUAIBLNULAEURINIATEI Mitutoyo Ra 2.97 lulasng ﬁﬂiﬂf‘i 4 TnginAaie
ANNRYIUAILUY Ra (Arithmetical Roughness Mean) ?I\:lnJum53ﬂmmmwmummawaﬂwuwm
Miald msInmAnuReURIhMSIAULRUR LIRS 4 fu 1822 30 SITTHY
8 9AABMIDENY ﬁnﬂuummmmwmummﬂvlﬂmmmLﬁammvmumﬂamummmu MIINTUIAFIDEN
naumasnazimyinmslulasiivesinuen (Insize gu 3210-25A, China) #9M33A 0 - 25 uaamms
MANNRZIEEA 0.001 ARAWAT IALINMTINDUIAMIBEIIAIUAI 2 90 ua: AU 2 90 s’mmﬁu
4 AADMIBENY mmmﬂlﬂmmmLaamwmuwaﬂwummmu NS 0URTDIANUARIALAREL
2099UIANNIN1IAA (Error Dimension) maumi‘w (1)

Ra 117zin  Rmax 370xin
2.97«um (Ry) 9.4um

(1) 1ATDIINANNNEIVAY Mitutoyo 31 SJ-210 () WWULNBURINIAIZIY
JUN 4 1AFBNINANNNNURILULNAN (Mitutoyo §1 SJ-210, Japan) UazuWuNEURINIATIU Mitutoyo
Ra 2.97 lulaswnsg
Error Dimension = 211A7R09M3 - au1AnIala x 100 )
PUIANABINS

4. mINARINETUSUNS
msnnaeniedudunasziiumsnaassiiowsouiounanldassdvaisuialden
sumsAulsEMsMsanaessmSuMANUMENURILATENM RIS IS M anaesmSUANUARIAARDY
YOIVIANRIMIAN TABMIARTUUMIBENIS WL 10 Meehs M3 InMANURENURILe SuLSIE
§wu 10 M1y §MSUTAAIANNARIALARDUTBITLIANEINTAA INUUMAIDRBLRZAILA
manuamanaeuisensulafedliunnii 15 %
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ARNIINANDY

1. WAZDIAMANUVBUAILAAANUANIALARDLTBITUIANEINISAR
Tumsnaaaouuumnd azldmsmaaeoiedu 9 manaass Tnedlotong 9 Mmsnaaes
2:gMTIAMATAMENUAILLY Ra uasimsinmnzesiomomasmsfnmeiniasinaigei CO,
nnuudnhmialAlusdiumsmamanuamanieuressnaAndomsnn wafllaronsan 4

MIWN 4 WANTIAAIAMNREIVAT (Ra) IUIRDDIAIDE IINAIAITAALAZATANNARIALANDUTBY

PUIANAINITAN
Max Min Error
Run  Speed Ra S.D.  Dimension S.D.
Power Power . Dimension

Order (mm/s) (lulaswns) Ra (mm) Dim
(%) (%) (%)
1 1.0 70 70 0.184 0.079 14.499 0.013 3.34
2 1.0 80 80 0.159 0.068 14.544 0.008 3.04
3 1.0 90 90 0.118 0.034 14.445 0.007 3.70
4 1.5 70 80 0.217 0.086 14.609 0.030 2.61
5 1.5 80 90 0.168 0.051 14.670 0.210 2.20
6 1.5 90 70 0.183 0.065 14.563 0.037 2.92
7 2.0 70 90 0.185 0.109 14.621 0.021 2.53
8 2.0 80 70 0.193 0.085 14.622 0.111 2.52
9 2.0 90 80 0.200 0.025 14.651 0.087 2.33

mIAATzRamInARsImMsmanimnzanlumsine:A3anmenIosAnmee3  CO,
Foidumsinnzitedomuanug masgegauazidomnan TnedidalmimaAnumeInii (Ra) ua:
AATNARIALATBUYBITLIANAINMIAR  WA9TaNIATERTadasunIu (SN Ratio) malUsunsu
Minitab 18 TaelumuidedidesnslimanunenuiiuazAnnuaanni eugossuAndsnsin
fiftiesfign Juldfarsaien “AbovieadoR (Smaller is Better)” AommAngn Aosumsn 2) ua:
NaMsIANadtsunIuzennAiamnd Aama1ed 5

S 0 Y
N _1010g{z i—l?:| )

SN fAa  dandudpaalddsdisuniu (Signal to Noise Ratio)
y Ao ADRIALUIAIN (Response Variable)
n A 9IWINYATONR
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MN 5 A1 S/N Ratio 209AIANNREIUAD (Ra) LAZAIANNARIAANOUDDITUIANRINITAR

Speed  Max Power Min Power S/N ratio of Ra S/N ratio of
Run Order
(mm/s) (%) (%) (lulasiuns) Error Dimension (%)
1 1.0 70 70 14.7036 -10.4749
2 1.0 80 80 15.9721 9.6575
3 1.0 90 90 18.5624 -11.3640
4 1.5 70 80 13.2708 -8.3328
5 1.5 80 90 15.4938 -6.8485
6 1.5 90 70 14.7510 9.3077
7 2.0 70 90 14.6566 -8.0624
8 2.0 80 70 14.2889 -8.0280
9 2.0 90 80 13.9794 -7.3471

M3 5 WaAIKAAT S/N Ratio 289A1ANNEIUAD (Ra) WRAIAMUARNIALARDUTEY
PWIAVEINIAN INEUMT] ) mastouton (Smaller is Better) mumiaaﬂLmumiwﬂaanwaamﬂ%
wuv Orthogonal Array L9 (3°) wu S/N Ratio 2@9MA1INBIIURNI (Ra) VIJJF]’]JﬂﬂE\Iﬂ‘VI 18 5624 Tulaswns
mvl,mmﬂﬂﬁlﬁlamummwa’lumsmﬂ 1 A8AWAIAIUIN UAY mmmﬁmm FrgAIAL 90 %
#7u S/N Ratio 7@sANNARIAARBUTBsIWIANGINSARTSAINNGAT -6.8485 lulAswnas doldan
fadumunnusilumsdn 1.5 fafwasaedund uazmdogoan 80 % uazmasdmgAuAL 90 %
atalsfmunafilAtiinnnmetsmanarooiing 9 Aetawiniy e lrsouaquiladenonun
DIHANTNUABAMANANENUAD (Ra) WRZAIANNARIAARDUTDIIIANAINIAR J0ADONMIIATIN
TaduuraziadouazunnzszAuoeuidade InemalATinNanI:nuoe0la9uvanaeauAIANRIURD
AgUf 4 uazransznuvasiladendnrasAuARIAARUBBITMIANAINTAR AIgUR 5

Main Effects Plot for SN ratios
Data Means

Speed Max Power Min Power

Mean of SN ratios

14.0-

1.0 1.5 2.0 70 80 90 70 80 90

Signal-to-noise: Smaller is better

JUN 5 wansznuzesladenand miu S/N Ratio 299AIANNNEIVAD
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Main Effects Plot for SN ratios
Data Means

Speed Max Power Min Power

s N Sy

9.5

-10.0 /

/
i

Mean of SN ratios
s

-10.5
1.0 1.5 20 70 80 90 70 80 90

Signal-to-noise: Smaller is better

JUN 6 wansznuzesdadenandmium S/N Ratio 2RIAIARIALARBUIDIDIIANAINIIAN

13Ul 5 udnowansznuzasladenandmiuA1 S/N Ratio 189A1ANRENUAINUIY
definsanfonansnuzasilidevdniidonanemanueuioi 3 dade W anwds masgogn
uwazidongn exdiulahiledendndmsum S/N Ratio Aidonalimanumenuintiesiign Aennuisa
10 finfwAsAeTg Masgogauaziaoman 90 % dsasilimaumenuiaiossnn 0.118 lulaswns
dainanudlunsineudiligesuayiliAuaioes SN Ratio sosfmanuvenvianag [7], [14]
Fonsotuimiummasgoaauazmaaman  Wedinmiogoanauazmdamanligiauazilifnioses
S/N Ratio 7@9MANNnenuAfingy wawuilinananusilumsinimn manaesigoazdonali
AamwIasiuAIATuiosnninAnuTaugslusInangadmilinmsidnlanmasumalnanain
vsvmanldegofivs:@nsam  anusilumsanigoduiliiuimeuiudesnnamngiana
mainmdsageiazusulamsivazesmavaonluudnmmsin uazdonalianmwiuRafzu [20] - [21]

13Ul 6 udnokans:nUzeailadendnsmSUm SN Ratio wpgmAmIAARDUTBIZIIANAD
maranud efinsandonansznuzesiladendndmsum SN Ratio fidonanaAuARIAAREL
gasmAndIMIAn aniilih dedvanuslumaafounligitunn 1 Safwnsdoind Wauds
2 finfwnsredni ailidundees S/N Ratio 200MmANANIAARBUYBIBIANGIMIAAD:LANGY
[71, [14] Founnmorummasgoanuazmaoian Weiinmhdsgogauazmaomaaliigaaunn 70 % U
80 % azvlViAadsas S/N Ratio 209A1ALANIAIARBUTBIIUWIANEINIARNIANTLLAZAAR]
domasgegauazmamgAiniuan 80 % lauds 90 % AniudedenaniidonalifmaAnuamAnEey
yasrwIANAIMIARtEERgA Ao AMEY 2.0 HadAwAsAedni MasgeaAuRzmIReAIgA 80 %
FoasilimanuamanieuzessAndmsAntesiign nalsenadooiuaIduges [17] ina1ih
audilumaeReuimesaizesiiumnine S AydmsunmureuzasiiILAzA AR ALARDL
gaopn Anuslumsinfeuiivesade sngeauilinnuneuzosiuR RN IULAZANLARIAARDL
VRITUIAAARY

2. MIAATERANNLLTUIIY

nasNIAIEdadsmMInAaesMBmAlAMNELEY  HITedlaimainaianuelslsm
wu ANOVA iiednmanuulstsisesildeidonaneanzimmnsaslumsine:asanmetnTaosin
wiges CO, TumsieszianuulssueliszAuanudeiui 95 % wamaiaszannuulslsu
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“ZlE]\jﬂ'lﬂ’)'lJJ‘iﬂE]’]llN’J ﬂ\]ﬁl'l‘j’]\]‘V] 6 SUTOATUINMIAENLTS ﬂ‘V]ﬁﬂ'liﬂﬂﬂﬁ]ﬂﬁ’]ﬁﬁUﬂ’]ﬂ’]’lﬂJﬁﬂ’]UN’ﬂﬂ
ﬂ\flﬂllﬂ']i‘l/] 3) uae WRMIAAII Wﬂ’)']JJLL‘IJ’i‘IJi’Ju?J’rJ\]ﬂ']ﬂ’.]']llﬂﬂ']ﬂLﬂ@ﬂu?lﬂ\ﬁlu']ﬂﬂﬂ\]ﬂ'ﬁﬂﬂ ﬂﬂﬂ']i'l\fl‘ﬂ 7
f\ﬁll'liﬂﬂ'lu')fu‘ll]’]F]'lﬂllﬂﬁiﬁ‘l/]ﬁﬂ’liﬂﬂﬂ’ﬂﬂﬂ'miﬂﬂﬂ'lﬂLﬂa’i)u“ﬂ’i)ﬂ“ﬂu’]ﬂ‘ﬂﬂﬂﬂ’]iﬂﬂlﬂ ﬂ\i’&llﬂ'lﬁ‘l/l 4)

MIWN 6 WANIITIATIZRANNLUTUTIUDDIANUNREUHD

Source DF Adj SS Adj MS F-Value P-Value
Regression 3 0.004806 0.001602 5.03 0.057
Speed 1 0.002282 0.002282 7.16 0.044*
Max Power 1 0.001204 0.001204 3.78 0.109
Min Power 1 0.001320 0.001320 4.15 0.097
Error 5 0.001592 0.000318
Total 8 0.006398
S =0.0178459 R-sq=75.11 % R-sq(adj) = 60.18 %

f\]JJﬂ'I353J1J‘53§7]§ﬂ']3ﬂﬂ§]88d']1ﬂ§ﬂﬂl']ﬂ’)']JJ‘V]fJ']‘IJﬁ’)
Ra =0.3521 + 0.0390 Speed -0.001417 Max Power - 0.001483 Min Power 3)

MmN 6 uandliiun Jedumumasgogaua:maomanlulinadomaNuneIuAIBeg
A:AIAN  WAINIANMIBLIATaYARIRTR e uNtsAY  InatladundnansenuaemMANNREIURIDE 19

HedApAe Jadumuanus) TnesdunsandszansmsanassdnsumANuBeIDRInggNmsn (3)

MIN 7 HAMTIATIERANNLUTUTINIDIAIANNARNIALARDUIDITUIANRINITAR

Source DF Adj SS Adj MS F-Value P-Value
Regression 3 1.27223 0.42408 3.17 0.123
Speed 1 1.21500 1.21500 9.07 0.030
Max Power 1 0.03682 0.03682 0.27 0.622%
Min Power 1 0.02042 0.02042 0.15 0.712%
Error 5 0.66966 0.13393
Total 8 1.94189
S =0.365966 R-sq =65.52 % R-sq(adj) = 44.82 %

AUMIFUUSENE MR D0UT NS UANLARIAARDUTDITIIARRINSAA
Error Dimension = 3.99 - 0.900 Speed + 0.0078 Max Power - 0.0058 Min Power 4)

Pnm3eh 7 uanclitiug Jededuanusilunsaniinansmunesuineeedueu
waomsAnes it doim P-Value ldifnssautiodda 0.05 Tudrudadeauiagogauas
MdornaaliinansmurenaresiununaimsdneteitsAy Tnesumsdulssinimsannes
NSUANLARIALAREUTDIBINANRIMIAR AoduA1TH 4

ANRNIIILATIZAULYTUTINDBIAIIUNEIURILRZATIAIUARIALAROUTDIDUIA
WEIMIAR AIMION 6 UazMIWN 7 WU M R-sq(adj) AANAD 60.18 % uaz 44.82 % &350
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a3uelddn A1 R-sq(adj) AfAwIg 80 % ugnsdolunaliansneiuisanuulsusiuldine
TrelmAa Linear Regression filAsuanmanagey lismsassuieanuulsdsiuvesioyald
aghommnzan deenaazfinnnfiviamudsiliflumsmanesdonadesudsmuann lumssifinmside
TuemArmsiiusuuseeaslinnty w135 Blocking fulsiduuilinnesiimanuuyssiuann
AumLlImu

3. mInARouLiBuiuNA

HRMIAWIMTINENMIFNs:ANSMsannoasnsumANNNe LR (aums‘ﬁ 3) 9719 Ra
vy 0.139 lulasuns Tneuwnumanuddaendy 1 Safwnsdeind mdslwgogauazmganiu
90 % FIUAIANNARIAAROUBDIDIIANGINIIAA (FNMSH (4) 9=WNAD 2.35 % TANMSIAREIAY
2 findwnsreduwi maslngogauazmaslnsmgawid 80 %

HaMINARBYIAMANNNEUAT Aomaei 8 Tagldmetediuon 10 fmets (Fiedy
PNMTTAVUALAING 4 Muaz 1 9A) WU MANuBUAIRALTasAIaE N 10 Metadamiu
0.1508 lulasmns saudeswumnsguendu 0.02 douanAroanmanuneiuiiildanaunis
duuszAnsmsanaosey 0.0118 lulaswns Andusosa: 8.5 dveglunmanoensuld namsin
mANuAMAARDUTDITIANTIM AT Tngldfomsiuiu 10 Mets (Auafsanmsia 2 9)
AomMs1ei 9 WU MANNATIARRENTRITIIATAIMIAAWABTIMINAL 2.542 saudoouuinsgy
WAL 0.123 TounnseanAmATNARIANRUTBIIIANGIMIARTIFNINENM iU Ansmsanneey
0.192 AnidluSona: 8.17 doeglunmnnvensula

MIWN 8 WAMITIAAIANNREIUAIT

faeg
p 1 2 3 4 5 6 7 8 9 10 Average

Ra 0.135 0.137 0.155 0.156 0.168 0.160 0.143 0.159 0.129 0.168  0.1508
S.D. 0.011 0.021 0.025 0.032 0.030 0.024 0.010 0.028 0.010 0.008 0.020

MTWN 9 WANITINAIANANIALARDUTDIDUIARAINTAAE

Maeg
a 1 2 3 4 5 6 7 8 9 10  Average

Error 2.567 2403 2367 2180 2313 2207 2.670 2.790 2253 2.767 2452
Dimension
S.D. 0.170 0.101 0.208 0.027 0.198 0.016 0.077 0.136 0.013 0.287 0.123

SRILR

il ddnuiledendenanamanuneuituarswngesinulunsinezasanaie
in3asAnmges Co, Tnedsnnd namsnanasldsumsinazimeaaaiiornanuiiladsdining
asilade Tiun Anas mdsgeanuazimdaian nansnaasssnsaagUldfdl

1. JadumunnusigonanemANURIURILAANLANAARDLTIDLIANEINSARDE 5]
HOfIAUNIINDA
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Abstract

This study presents a mixed-integer programming model to address the location and routing
problem for optimizing a two-level biomass supply chain. The primary objective is to select
collection points and determine transportation routes from forest areas to collection points
and from these points to biorefineries to minimize the total cost. While the initial model is
non-linear, a linearization approach facilitates efficient solution finding. Real-world biomass
data is used to evaluate the model's effectiveness. The results demonstrate that the two-level
routing strategy significantly reduces overall costs by up to 12.92 % compared to a single-level
approach. Consequently, the findings of this study can enhance the logistics efficiency of the
biomass supply chain in Thailand, promoting the sustainable development of biomass energy
in the future.

Keywords: Mixed-Integer Programming Model; Two-Level Location-Routing Problem; Biomass

Supply Chains; Linearization Technique
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Synthesis and Antioxidant Activity of a Flavonol-Based
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Abstract

The purpose of this study was to investigate the absorption, emission properties, antioxidant
activities, total phenolic compound, and total flavonoid contents of the flavonol-based
fluorescent probe (3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one). The antioxidant activity was
evaluated using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. Total phenolic content was
also determined using Folin-Ciocalteau's reagent with gallic acid as a standard, as well as total
flavonoid content using quercetin as a standard substance. The results found that flavonols
have absorption properties. It has the highest absorbance at 355 nm and the highest emission
at 418 nm (Ex 355 nm / Em 418 nm). Furthermore, synthetic flavonols were discovered to have
antioxidant properties, with DPPH radicals showing a 44.7 % anti-oxidation value at
10 mg/mL. Total phenolic content and total flavonoids were 1.239+0.043 mgGAE/gDW and
1.312+0.014 mgCE/gDW. Therefore, synthetic flavonols exhibit antioxidant activity.
The findings of this study can be used to develop new products as well as medical research.

Keywords: Flavonols; Fluorescent Probe; Antioxidants; Phenolic Content; Flavonoid Content
UNN

WaTuea Wl Ty wazlelowhlou dumsuszneveiianislunguaasialauesa [1] - [3]
Tassasmopiivesnailiveassiinnsaassndsiunaliuudezunnasiulneiivailiues
s:zimylansend (-OH) ae'm‘mm%‘uauﬁhLmﬁoﬁmﬂuTmoﬁ%waﬁﬂiﬂ‘ﬁ 1 4] - [6] Warhuuazwalea
mm'iﬂwuvl,r?fl.uwﬂm‘[mammwwumnwﬂm‘luw%maﬂmaﬁmm/m p-ring hydroxylation Tusumish 3
waz 4 vosesiunts uaznaulasoaeiifiegiunted 4 winiu (Uit 1) eSend iAtediiu
(Quercetin) LRZLANTDIOR (Kaempferol) muanu [4], [7] ‘IN‘ZIN\]Lﬂ’iL‘VIWE\]ﬂ’Juﬂf\]?}uLWﬂﬂﬂ‘uﬂuﬂﬂ
fegRunIsuazmsAnde [8] - [11] swldnihmihineusussroussofinduaziionsoouss UV-B
Tupasifigimsdoan:iusodosa:aueguuindunenseadedeiiy [12] - [13]

Tusssnmassts: ﬂﬂUV\ImTouaaﬁqwéwmﬁamw WRzmeFARTINeivanuane 1y
qwﬁ‘lumsmuaumamu [14] - [15] MudenuaiEe wazmuusse [9] - [10], [16] Iuﬂaauuauwuﬁ
ﬂ@ﬂﬂ@ﬂauaaﬂﬂaﬂumﬂﬂmﬂmuma"nﬂsiu 19U e TfiFIUHENTOY P-vitamin [17] - [19] wenani
wWahuweadminddensiiandeiildnnsssunalaolididuimdemuldluiions 9 Walan [17]
ualusssuana hueaiSadnn nkimeenesemsihinldmagen uazazAsouslanlulSumamnn
FsvzifinonernoANNABIMITIT M AsnuinInemansdsliimsdannsieuiusrailiuen
90 2-lansende:alaluy (2-hydroxyacetophenone) Auweadlad [9] - [10], [20] elwfiuSua
NIINDABAIINABINITDDINYBE
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sstsznevrimlueadeldsuanuaulalumumslfiduamsiGecuss [21] - 23] Foiinain
TassasumelulianafiegluanazasziuiinmsaielouTusnen (Excited State Intramolecular
Proton Transfer (ESIPT)) [24] Fudunaliiinlelawelsiotureorarlueslnsmsiasulasoas
nnlelaweinisluiudnlolawesnils a1nan12zitu (Normal Form) lUgn12:nszfu (Phototautomer
Form) wasnnlelamesiganmiznszduuifenduiuganiziu noniumsusesTlsneueanin
Tuwdsnuiimeiu Mmewaidedimaseandsnulugluuusnpsumadosuassesmluealufm
armag 9 devzUningiiafiuanmoiudesiin WailaueafieglusUunf ua: Tautomeric Forms [17],
[25] - [27] Fhunisgoannasmsdeoussa:auegiusnausesanuiniy utizesihazaense
nanaleWandngeonIiazais [17], [28]

3- hydroxy—2 ~(pyren-1-yl)-4H-chromen-4-one  (uanswanlineasoAs: wwaﬂﬂuwmmvlumumu
fofiszuunouginANnYe Pyrene yilvsinnulireussgamelausofinoodiuld [29] uazfiisms
Fopnzinnelisesaznananiigs dowanzunmaienfnmuazianluduidendmiumsnsady
Tuigaausssluewan

andinanminsiuaziulahamslunguseorailiues 59uds 3-hydroxy-2-(pyren-1-yl)-4H-
chromen-4-one 1iugsiiAmanAlumaioouss  uazianumnsalumsmuenuadas:ge
FonmauiamaildulsToadregeam  wazfianudAgmomumsunmdduegiomn  3-hydroxy-
2~(pyren-1-yl)-4H-chromen-4-one ﬂﬂlmﬂumﬂﬂamammmm Uas Uﬂlumﬂwsﬂﬂﬂwvlwﬂﬂnuﬁuum
MOUOUR fugnsmamueyyadsszetsings  AniugidedefianulssafnazAnmansAmous
qwﬁmua%aamw Ymnauasiuedn LLﬂwﬂ’iJJ”lmﬁTiWﬂﬂ’JuﬂﬂIF"I‘V]\WiJJﬂLWﬂW@JuﬁﬂﬁiﬂﬂLﬂﬁleﬂtﬂ
memumsunndiiieansunieannzUinmeuyadsszgslusisme [17]

Flavonol ° Flavone Isoflavone

OH N

. T2
o T T
OH

Flavan-3-ol Flavanone Anthocyanidin

U1 Tassadvesastazney Warlwwea warlaw lelavhloin vawu3-sea viarnluu ua:
wonlnloendinu niduasdsznevlunguoasailiuesn

IngUsrRoAMsAn
WaAnMIENUANUES wazgndlumsniueuyadaszoaslnsungeatsaiun Warliuea
(3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one)
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ASMIAMLIUNSANE

1. ’Jﬂﬂl,Lﬁlutﬂiﬂﬂuam{ﬂumiﬂﬂLﬂﬁmttay’smﬁm 3-hydroxy-2- (pyren 1-yl)-4H—chr0men -4-one

auATasuiliuisfigungil 100 °C SlouAuR:ANazaeNIvuATananU3EN Sigma
Aldrich, TCI (Tawhien, mﬂu), Carlo Erba (Emmendingen, wosui), Acros (Geel, WwaLdau), Merck
(Rahway, NJ, USA) uaziunldlnelisesitliusansin smsvmsdonnzigniliuianslagis
peantilasninnnilazlidanead mivaedmilasinnns il (Carlo Erba) doviminiidunaiiosis
daulasunan@unuuie (TLO) 9:1988n1an 60 F254 (Merck) uaziiludosmelangin
ANNE1IAAN 254 wilimng

msinmmananiuuas uazmadoouaslaeliindaosiunlnsinlafines UV-vis (Agilent
Technologies Cary 300, Santa Clara, CA, USA) unzsesinsnlnsnlnfinesSeouss (PerkinElmer
LS55, Liantrisant, UK) finndssusnuinisleawuudaunlnsalnil (NMR) (H waz °C NMR) galéd
gaumgiiveslaAIos Bruker (500 MHz) (Rheinstetten UszmAwasuil) Taad TMS usioyaioda
melfdouls ESI unaanlnsmunianuazndengs (HRMS) azgaiuiinuuuiasunlnsiines

2. M3H9LATIZH 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one (BCD-29) [31]

#f9 2-hydroxyacetophenone (2.73 n3u, 2.4 findans, 20 fadlus) asluziniunauouin
150 fndans nndudnsvhazmesmuesadly 40 fadans ldusauinnsesluuiiinfeqninum
nanuiluniuumaies Stirrer WasazaenanaudiL andwAnmsazats 60 wWedidud
Tadeulansenlodluinily 40 Asddnsefinnuiewiniuaumsa:aenelianamungianao
UNAUQUNYANBILAININIILAN 4.6 N5U (20 TaRLNR) BBY pyrene-1-carbaldehyde avlUAuatduiIa
12 talusaunufaseeninauysal wasnnfAseninauysoiiminduasll 50 faddns uaz
Aunsalalnsnasinasluiiedsu pH Tivndu 2 e:limneuseoudsiimesudnilunsesiofethnay
Wohdansnaunun  wasnntwAnasazaelanselsfimuaslldernmsaiausmnns 30 dadans
Fau 3 A% uazmsiensazmeladodlalnseumienn 100 fadans thmsazaetilaaselsimu
wiAnssgaanuiulaAsudamn - wanhssazaeililusmesisnieondusmegyina
nntuasiliuIansmeismsaananlaeliiemuonalinanime Chalcone (3Ufl 2) minida TLC
wissilagelivsandasinliusandmeisaean Tasunnanillagldmsazmenauiizzaonodud
1 50 wWaesidua wise:dwmaluanion

11 Chalcone 30 fadlua ldaslulumianunauswin 150 daddns uaaAn 20 wWesidun
Toiienlansenlodlummuoansld 40 faddns aswanildldasluluginiudouazniuli
ssnemenENEnAY nniudn 30 wedidud lelasmueseenladadly 30 fndans aletein 1
dlomswaniiuuiliieenananiudouazniudeludn 7 diluefigunniives axdudonnuiu
veoudofey q neAdiu WeUfAseninduetuauysaiashnzneuilfnnsssudienaeiedimes
uazihnzneudildluevauwisiionmafl 60 eormuRides MRsNESFIATIIR (Flavonol) uisudthands
iornSeazkalAzoandndaiuniy 78 wesidus

(0] (0] (0]
o
SIS sUETTEN 5 e p [ HNT)
OH H,0, MeOH OH H,0, MeOH
O stir RT for 12 hr. O stir 0-RT for 7 hr.

Chalcone

Flavonol
JUN 2 JumeuMIRILAT1:AE15U3:n0D 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
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3. MmynunaluenalagwAlANEA dumads-new unasnlnsines
o 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one Uszanar 1 Aansu avlulutemnunsall
2wn 2 mL uwdnduahazaelanaelsiimuasly 1.5 mL welimsa:aenauauiuiodoriy
wasnnnuasMsTassazaienIoom 1 pL WENAUEITRLAIBWNIAg uainmstilnasazais
wei 05 pL ldaouuuwumannl3afiuuasiliui wassniuhuwimannnluine3es MALDI-TOF
Mass Spectrometer JEOL JMS-S3000) uangsudimemes UV (ruegmaanyszan 350 wiluwns)
MaY 7 AUULHLMENNMATN M AaseziufinsadusnasuuazssuiminTuana
4. msAnmlpseaswasingliwaiaiunfesuunuanislauuudalnlnsimes (NMR)
g 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 30 faansulaavlyluwenmwunsaloun
2 mL wReaniuAnAIviaza1s Deuterated Chloroform asly 1 mL wdilfiasazaenanauiiy
Hoeiumdsnniuivamsazaeieion 0.5 mL udiAnasluluiaen NMR Tube Taninaen
wgnilusumlsnen uazmSuenDesEs 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one 8LA300
NMR A3 500 MHz
5. MYIATEAAMENTANIILED
1381 Stock Solution #@d 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one Tndipnuono
1,000 mM msimvhazaelawiiadanenlss (DMSO) nasniuihmeasiniuseu 9 2INEIIRZRE
welililauussdouilunagey
maATzRnuELTAMuasAsnIesy I ARdasUnlnsinime (Agilent Technologies
Cary 300, Santa Clara, CA, USA) a:mumiita3eoiiuuuvaunuannsunasantuasyinmsnse
mthslpenmsthUammasaeazaieatnme q wn o:dlnlulass lapsslstinu Tawnanesulua
muea 481 W1 2,475 uL aolulu Cuvette au1m 3,000 pL WRsNLUIMsT s Tasa1891n
Stock Solution 11 25 pL ldavlunauduaninazareiwienldudedorduudninldine
AewimsinmzesuARzAIaENNA3I9:FasiMsInMzes Blank Aeuavelnglidvhazats
funANnssazmeilegidy Blank
MsiARamaniansuasfnaieslneliiniasinanlnsinndinesidoouas
(PerkinElmer LS55, Liantrisant, UK) 1Agynmsmofnsnszsuusof 355 nm Guaunusunnsumous
200 - 750 nm GleAMmASESIEIRRahMIRIsNmIRTaIEMIety TnEMIMSINEIIRALRIDEg
simamsuguAsIfuiuMsnI s sazareiies i lilunsinsinmantAn st efe
3oy Afdamunlnsindwes uaziimsinm Blank iy
6. ﬂﬁ‘l/lﬂﬁﬂﬂt]‘l/l%"ﬂ@ﬂ 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one (BCD-29)
6.1 m’i‘wﬂaaquéﬁum‘ggaﬁﬁiﬂﬂﬁﬁ DPPH Radical Scavenging Assay [30]

11 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one ﬁﬁmﬂﬁ:ﬂﬁmwﬂaaqu55m
ounndas:lne35 DPPH Radical Scavenging Assay LBUAUSIIRIRIBNIATFIUNTALDEADITN
(Ascorbic Acid) WIRIMuNT 3BuE1Iara1e 2,2-diphenyl-1-picrylhydrazyl (DPPH) AMML0071
025 mM Tuemuea 95 Woldud LazAIBNETNINIFIUNIALEEADIUN a0 ImMAuD (50,000 pg/mL)
Tnomsiseaorethnauive lslHaadniu 125 250 500 1,000 2,500 5,000 wa: 10,000 pg/mL MUEIFL

w3sumsmegofidonTRlaladanuduin 125 250 500 1,000 2,500 5,000
waz 10000 pg/mL Tnethansann 20 uL ldas 96 Well Plate mimpussazaefifisnsazare DPPH
180 pL WaNAUETIIATHIN NIaARAIeE 3e Blank Auiiolilufifin 30 wiil fgamgiives ua:
ﬁﬂﬂiﬂmsaﬂﬂﬁmmﬂﬁmmmaﬂﬁ'u 510 wiluuns PG Microplate Reader fvie BioTek
3u Synergy H1 91AuuthfmsnanauuassnamuIniasa: Free Radical Scavenging Activity 3o
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% Scavenging Activity FoA1nlAsznuedoilesidunniseangnsniueuyadas: nIoA LRI
MITVAUTNIIEIMUBUNATa T AUBYYADEI: Tomlnangns

Mxloo

Scavenging Activity (%) y

4, Ao MMIAANAULEIBBY Control
A, Ao AMMIAANAULNIDBINIIAIDL

6.2  manpTzAEIslsznouuednsan Tned5 Folin-Ciocalteu Colorimetric Method [31]

Lﬂ%&lumm:mammﬁmﬂmLLﬂaﬁﬂ (Gallic Acid) 0 - 10,000 pg/mL Inaidaaronie
95 (Wadldun wmuaalilanuNdu 125 250 500 1,000 2,500 5,000 uaz 10,000 pg/mL

wssNssRuATzEIna Iuealne@eme 95 Wesldun muea MUANUTNTY
PRINIALAREN PAUMIEITHOATIZA 20 uL ldas 96 Well Plate 9niuina1sazaeniissazais
10 1Wosidun Folin-Ciocalteu Reagent (FCR) (w/v) 100 pL avlu 96 Well Plate Aofiold 6 i
fomnpfivioslufifin ntwAn 15 wWedidud Tefeumiveiun (Sodium Carbonate; Na,COs) (w/v)
U31ms 80 pL Audisld 90 wiii Mgamaiinedluiifia ntuiluinmsganiuussinnueeiay
750 wilisns AIBLA380 Microplate Reader %0 BioTek 1 Synergy H1 udathlufuammysunm
d1sdazneviuednludsann WIsuMsuAuNINNIAIFINIINIALNAANUNIIBAAANTNENYADDY
ATALARRNADNINDDIFITNAR

6.3  myiATzRa1sUszneunailauesn (Total Flavonoid Content) Tne35 Aluminium

Chloride Colorimetric Method

IPUFITRZAIWNIATFIUAIDTNU 0 - 10,000 pg/mL Tpadoarsaie 95 weosidun
lomuealilAruENDn 125 250 500 1,000 2,500 5,000 was 10,000 pg/mL

ihasdo AN lIuealdaaeme 95 Wosdua enuea MUANUTNTUDIDY
mediin Mnduivasly 96 Well Plate USums 20 uL Afunau 40 uL masmelaieulumm
ANIENTY 10 wWaSidud USmes 20 pL flium 5 wiil mumeesgidsuaselsdnnudui
10 wWesfiud Ysmms 20 uL foliuu 6 wiii mumslaieulansenlafanuduin 1 Tuars
US1as 100 pL tandaf OD viuiiianuenaau 510 wiluwes ynmsnases 3 9 aglimediu
v Positive Control

NRN15798

1. af duuadv-nen wudsUalnsimes uaziipdssuunuAnslouuudaalnsalail
(NMR)
m‘sﬁﬂ‘mm51mmah|Laqaﬂaﬂmiﬁmmn:ﬁ 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
Tnelfinafiamad Suwado-non unaanlnsiwes Wovwmaluanazeslassasuimlinngns
Tutaqa‘?iaﬁfivaiﬂﬁu 362.0943 W‘u:hﬁﬂ"ﬂ’aomiﬁ“fame:ﬁﬁlﬁéﬁlmiﬁuﬁﬂﬂﬁﬂgﬂm}aﬂlaaau C,sH,,05"

fiFunanoUszy (m/z) 363.093 (U7 3)
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£1500- G
OH

1250- 385.048

u
B
12

Chemical Formula: C,;H,,0,
Exaot Mace: 302.0843

1000

7504

500+

250+

406,99
261,155 305,181 L
ol i

275 300 325 350 375 400 425 450 475

<

m/z

JUn 3 mnnsuulaluanavey 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one #lAa1nn1siiudin
Tneldmaianian duwads-naw wnaanlnsimes

MaA AWING lpsuasoly 1W@Navoy  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
Tmlmﬁaﬂswﬂgmifﬁmiaﬂﬂﬁuwﬁﬂmuaumu,sJ'mﬁﬂluthummﬁﬁfyfmmimgﬁ’wmﬂﬁﬂﬁam'ﬁa%
wnwAnslguuudsalnsalal (NMR) wamsAnwsudammzsesinaosvesllsaou (H) fldsu
mstiufinUsngiauansfogun 4 uazfiA Chemical Shift (8) = szuzvhoBaIMHRIITANTINEITENIBS
(Hz) wieidu ppm AMuABas NMR Spectrometer (MHz) Auil 'H NMR (500 MHz, CDCL) & 12.98
(s, 1H), 9.07 (d, J = 15.0 Hz, 1H), 855 (d, J = 10.0 Hz, 1H), 840 (d, J = 5.0 Hz, 1H), 8.23 (dd, J = 5.0,
5.0 Hz, 2H), 8.20 (d, J = 10.0 Hz, 1H), 8.17 (d, J = 10.0 Hz, 1H), 8.14 (d, J = 5.0 Hz, 1H), 8.07
(d, J=10.0 Hz, 1H), 8.04 (t, J = 10.0 Hz, 2H), 7.90 (d, J = 15.0 Hz, 1H), 7.54 (t, J = 5.0 Hz, 1H),
7.08 (d, J=10.0 Hz, 1H), 6.99 (t, J= 5.0 Hz, 1H)

T TR B i B T I T T & G
48 GEARORRANANANCINRARRNARHNRR EERE
s EEE MR R R R R A &a
v — N N

T T T T T T T T T T
55 13.0 12.5 12.0 115 11.0 10.5 10.0 9.0 8.5 8.0 7.5 7.0 6.5 6.0 s

9.5
f1 (ppm)

un 4 swnasulUsneuses  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  #laginmsitnanlaaly
wadaiAfsTuunuAns uuud (H NMR) Tuaimazaionaslswosufaimeatsn
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wamsfnmauUAnzsesinadsgresnsuen (°C) Aldsumstuiinsngiin
ﬁogﬂﬁ 5 uasfiA Chemical Shift (8) = 528:31190IENINNINTANINT5E1B0 (Hz) nuewdy ppm
AMuABaY NMR Spectrometer (MHz) figil °C NMR (125 MHz, CDCL) § 1935, 163.8, 142.0, 136.4,
133.3, 131.3, 130.7, 130.6, 129.7, 129.0, 128.9, 128.3, 127.3, 126.4, 126.3, 126.1, 125.1, 125.0, 124.6,
124.3,122.5,121.9,120.2, 118.91, 118.7

€ © S98RBARSIRATASERRELBRGR
| | | ===\

cofl,

o

r T T T T T T T T T T T T T T T T T T T T T T T T T
0 195 190 185 180 175 170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75

U 5 MAnsuAISUBUBRY 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one Nlaannmstuiinlagly
WANATAARSTUNNLUANLS LIMULD (°C NMR) lummazaiapaalsiosuninetsn

2. AMENDAMNILED

MafnAMENTAMOUEIDBY 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one Tngldmvhazans
finmenoiu liun o:alnlulag (ACN) lapselsiiu (OCM) laniavleduilud (DMF) lawfindanenles
(DMSO) tomuea (EtOH) umiuea (MeOH) wnszlalnsngusu (THE) uazngdu (Toluene)
msﬂ'w 6 uns 7 ?Iﬂﬁ]wﬂﬁ’lﬂgwﬂVILLﬂﬂﬂ’lﬂﬂuE\i’ﬂﬂWﬂ ﬂ@Wm‘[’Juaawaﬂiusﬂﬂﬂm iaz Tautomeric Forms
mAfin UV-Vis Absorption Ul 6 wudifiAimsnanauusogeaniinnueanau 355 ulumng
PNHaMINAaBIMIMAIMIAAnauLtsgeaailddazgninlu1dlunmsnaseuAmantAn s
MeamALANMTIAAMMIIRULEIDO0 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one gﬂ‘ﬁ 7 Fluorescent
Spectra IFMMTIURIUAIGoRATIAIEIARY 418 WTwimns (Excited at 355 nm) Zofvhazaeiiimasm
Polarity Index og/luda0 2.4 - 4 1Hu larselsimu Ingdu uazwasslalnsngusy azansoila
3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one flm’il,‘l.lﬂ'ﬂLLﬂﬂaﬂﬂmvlﬁLﬁﬁJﬁQﬂ (Fluorescence Intensity)
mMmMatUauussgognotlugag 5,200 - 6,800

warlauea  3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one finasdesusaazagldn
Tudhazmeffidamdduiusiunge Like Dissolves Like sonwdieldfmvhazmeifidanninion
asazaedsilidnswsouaesnmliduian uazdleldmviazaiefidafindu Polarity Index
oglug0 5.1 - 7.2 wu a:dlaluled lawhanedmlun lawhadanenled wmuea uazumues
wuhRRMMIUsouRRARIEeY 9 MURIEL
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AMmETIAAUTaLEIRThoglugoUszna) 400 - 500 wiluwnas Fsuadludisnnueniaiuil
afiszansmmnniigasmsumssnmm:iagiuluRengs  uwifesmuAmSnmANIELEd Nz
desnnuadludsrnuenpauiindsnugailimmsolumsmzanzaisetsammld anmsnaaes
3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one fA1msiUasussgoafinnueInau 418 wlumuns
Fomaazdimainndszaaaldnumomumaunngselliluewan

0.1
e A CN
0.09 9 s DCM
0.08 1 e DMSO
EtOH
0.07 + MeOH
© s THF
g 0.06 @ Toluene
<
2 005
2
S 0.04
<
0.03
0.02
0.01
0 v
315 365 415 465 515
Wavelength (nm)

1
=)

§1J17i 6 UV-Vis Absorption 989 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one nAANNIDNTU 10 pum
Tusmvazasnunnaieiu

7000
=
a—
w— D
6000 BMEO
2 —
‘@ 5000 E/}SgH
5 s THF
E‘: @ Toluene
= 4000
Q
Q
5
3] 3000
(o
_g 2000
[
1000
0

370 420 470 520 570
Wavelength (nm)

T
=

‘J‘IJ‘VI 7 Fluorescent Spectra 280 3-hydroxy-2-(pyren-1-yl)-4H- chromen 4-one NAAMNLTNTU 10 pm
Tusmiinaz mammammu‘[ﬂa Excitation Wavelength i 355 nm

3. m:mﬂaauqm§ﬁ1uaguma§as:ﬂaﬂ 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
msAnmMIMueonnilTeswa Tl ueaTidAs17ed5 DPPH Radical Scavenging Assay
WUANNBNTUERsIMANTR 025 mg/mL fAwesidudmamusendinduses DPPH Radicals
ﬂij‘ﬁ 459 WosduA AINULINTUDBY 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one (BCD-29)
fanaduin 1 25 5 uar 10 mgmL fawesdudmsmueendwimiu 252 39.5 41.0 ua:
447 maddy Mgl 8 wamanaaesdliiuhde e Tuesiinusansalumsmusendniu
gedudlernuinduiingy uazfivssinsamlumsmusendiniulndifesiuiming uwinnuddiu

yeussAntf L igenimiiug 40 wh
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DPPH
100
90 { @BCD-29

80 { mvitC
70
60
50
40
30
20
10

% Inhibition

0.125 0.25 0.5 1 2.5 E) 10
Concentration (mg/mL)

N 8  naudnIToua:MITUEIRUNAdNT: (% Inhibition) AUAMNINTU (mg/mL) BOINITHILATIENA
s hueaaumeuiuImaug

4. mFnpTiensUszneuueansIwYes 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one

mMAnmINan1IAATsUznauinednTuluasdonzana lueaudansliiuis
Usmmasuszneviluednifiod lumetodlefieudunsaunadniiléiiiu Positive Control (U1 9)
NN INARBIANNENTUTDINTAUARANT 0.25 0.5 1 ua: 2.5 mgmL fMmMIgAnFuLEIzDd
f19Rza18AI0810 N30 Optical Density (OD) 88l 0.965 1.790 2.775 ua: 3.932 mua1dy lasa
OD figoduutsiunssiudimusmstszneviluedniiiniy wennnilmsdoanzinailiuead
AmENTATIAUAUASALNARNTIM OD BeM 0.232 0337 0499 uaz 0.964 MUMAL NARAMINATIEN
saUszneuiluednsmimulussdannsinalueaiinnuiniy 25 mgmL 9:im OD lndfssiu
atuiiusARANUTNTL 025 mg/mL vasnIAunaAnlnBdEuMSELATe Ao y = 0.7971x - 0.4886,
R? = 0.9907 HANUNTAWINAD 1.239+0.043 mgGAE/eDW Aam319ii 1

Total phenolic compound
6.0

@BCD-29
5.0 BGallic acid

4.0

3.0

OD value

2.0

1.0

0.0
0.125 0.25 0.5 1 25 5 10

Concentration (mg/mL)

UN 9 nIMuEAIYIINMANMIARNANLEIBIT TRILAT I ENR 1INeaNudAdsUIuIME1S Phenolic
Compounds AUANNLTNDU (mg/mL) WIsuNeUAUNTALARERN
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5. myATRasUszneunaIluesnwes 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one
mafnmMIIATEastszneuialuesAvasE oA zANa hueae U UE TN U
LA29PN1U (Quercetin) JJE\IJJmiLﬂum\i AB y = 0.6797x - 0.2929, R* = 0.9927 WaWUILANNIAD
131240014 mgCE/gDW Aomaofl 1 wamInaseonuiinnuduii 0.125 mg/mL voos19qoATIzn
a5 OD whiussmAsyIu uazazfimguiudinnuiniuisiudoguil 10 MfsunamsinT
TAUNIzANUTINaNNeAnITIN (1.23940.043 mgGAE/gDW) fimussandIuanailiusensiy
(1.31240.014 mgCE/gDW) dowafilfimonagasiulassaamaniivesiahueadaiusmsnauaibuess

Total flavonoid content
6.0

@BCD-29

o
=)

B Quercetin

OD value
0 w N
e} =) e

=
(=]

0.0
0.125 0.25 0.5 1 25 5 10

Concentration (mg/mL)
UM 10 asmluansdIniaAInIsannadutdssasaisdotaszinaIliueanuanofiosuimals

Flavonoid AUAMNLINDY (mg/mL) WsuiheuAuiniadnu (Quercetin)

mywi 1 Vsmaifiuedngiu (TPC) ua:USmamaluesnsan (TFC) wey 3-hydroxy-2-(pyren-1-yl)-

4H-chromen-4-one

— AINIAANELILNY '
1 2 3 [auES.D.
0.456 0.540 0.500 0.499+0.034
TPC 3119 (mg/gDW)
(mgGAE/gDW) 1 2 3 1aRuLS.D.
1.185 1.290 1.240 1.23940.043
AINIAANELLNY
1 2 3 1RRB£S.D.
TFC 0.586 0.603 0.608 0.599+0.009
(mgCE/gDW) 13119 (mg/gDW)
1 2 3 1nAu+S.D.
1.293 1.318 1.325 1.312+0.014

All data were expressed as mean +S.D. for 3 replications
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f3UNaNIIIY

TnoaqUa19duAs1zn 3-hydroxy-2-(pyren-1-yl)-4H-chromen-4-one  1A2INENINTDIUMIMUOULNDET:
fanuduiu 10 mgmL vy 44.7 wWedidud Foieuwhiumsl@imandi 025 mg/mL fu5umm
NuednsmuazUSmamahuesasumm 1.239+0.043 mgGAE/gDW uaz 1.31240.014 mgCE/gDW
fAMInANAULEIRIRATANENIARY 355 wluwAT uazAIM s ouaIgIgAfAINE1IARY
418 wiluwes doanueneauludwidvmmddamemumsunnd dniumsdonn:ilunguoos
wanTweailudanisnguiidensianmhaulafezsimnAnmusiamdsendldmunsumdluewan
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WiomseuSNEWAII W.A. 2563 iBIRUDULIMINIUSUUT NaMSANEMUT AsaURASTAMMIMEm
ANNSouTMTooNITs 53251 W/m® uazmmsmemanuiousmuomacm 37.305 Wim® degandii
NAINGNITNTINT MAUA ABgund 50 W/m® was 10 W/m® shunuszuudsznevenmaiulumunms
FovimaEueysulysoms Tnsmadinfiduiuanuiounimanievmsananuiauwiofsy ua:
WuuiummSeunRIdAmELTAMShA M SeumMuAsAmMuMuATISougmUT M OTTV ua:

U pauzAalnssuuazamilnenssumans unanesaenalulads1vusAaaiuul
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A1 RTTV anaouiiu 38.74 W/m’ uaz 9.50 W/m’ uazmslimasnulagsiusoseimsanninisnn
amsBseti 303,831.88 kWh/Year WiatnmsusulssdonaliannsanAnmiy 261,010.92 kWh/Year
amusvdsznannudululalumsamudszana 1,761,351.93 vm szezAuny 972 U uaciigln
wiIngnaedszndaalgaaliihanasAnuieaa: 53.96 navanmanaadolsulgeIns

MEAEY :  DIMSISEYL; MMINUNANNTEUTINIDINTS; MMTMUMAIINIOUTINTBNRAT; Wawy; WWsunsy BEC
Web-based

Abstract

This research studied the net energy use of a building: Chaloem Phrakiat 56th Anniversary
Building. The building was utilized for 8 hours and has been in operation for over 10 - 15 years,
necessitating improvements for energy conservation according to ministerial regulations.
Architectural studies and building surveys were conducted to assess energy usage in the
building, including the building materials and building systems, and to simulate the building
using the online Building Energy Code (BEC) Web-based program. The results were compared
with the Ministerial Regulation Prescribing Type or Size of Building and Standard, Criteria
and Procedure in Designing Building for Energy Conservation B.E. 2563 (2020) to propose
improvement measures. The study results found that the total heat transfer value of the walls
was 53.251 W/m?, and the roof was 37.305 W/m?, which exceeded the ministerial regulation
criteria of 50 W/m? and 10 W/m? The building systems met the ministerial criteria.
The proposed improvements included adding heat-insulating film coated with heat-reducing
substances and increasing roof insulation with low thermal conductivity and high thermal
resistance properties. As a result, the OTTV and RTTV values decreased by 38.74 W/m? and
9.50 W/m?. The overall energy consumption of the building, which was initially less than
the reference building at 303,831.88 kWh/year, was reduced to 261,010.92 kWh/year
after the improvements. In terms of the budget, the investment feasibility was approximately
1,761,351.93 Baht, with a payback period of 9.72 years. This leads to potential cost saving
for the university by reducing electricity expenses by 53.96 % after the building improvement.

Keywords: Educational Building; Overall Thermal Transfer Value; Roof Thermal Transfer Value;
Energy; BEC Web-based

VNI

dagtiumslimasnuludsandlne SuSmafidismniuegoroiles ensusuosnnufosnszes
MmAdsznEy MAssAauazarannIIl  wAlesannsnensnasnumelulsamaideuiiodiin
Foseofiommainiwdsnuanaelszma  uuameddaiiesisansnnmaiinaNufesn sl
nwavuludsama AemsdaesnlniimslindsouesoUsmdauazdUszansnwlunnmasiu [1]
andlmifntudonsan  nsuianaIuNALILRzeRSEnaInulieenngnIznIIeTILA
UssanvSennazasems  waznaspunannasiua:Ismslumsesanuuemaiomseysnndonu
W.A. 2563 SeNEENdNTenish NMTIIAIEINEIMIMUNRITY (Building Energy Code %38 BEC) [2]
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defumsmungmnefifimanessvermsudesnulasiiiiufisunmuanua 2,000 maomasiuly
uazeglu 9 Uszan laun Tsounsan Tsousy §91WUIMT §OIUNEIVIA F0IWAN MIFIINELA
21MIYA IMITNYN  Aeviimsesnuuuamslalulumuninsgiu vannaeiuazIsmslumssenuuy
iWomseusntndonu dongnsznaes laimstoAulddleiud 13 fman we. 2564 fikun Taed
amslumasgiinisaeasouazlfonlusezoa 10 - 15 I suiuazfesimsusougs
DM TOUSAENTIILAINNYNTINTI

DIAMIRAUNTIAYIA 56 WITH WnMINeaBmAluladonipaaIuu danvm:nsldou
8 #lug Gefnssrudninnuuazioniou mungnsmmet Meruiinesimseenuuuermsliiull
MNAATEIN uazindeeImsidmsneaouasldnuedlusezon 10 - 15 T uazmuulous
MIIAMINRIIIUBDIN NN INRNA LU TNIARAIUNT  92ANTUMIURNALITTUDNITIANS
WH IR A I ATENBE0INZE Tﬂﬂﬁmuﬂ’lﬁmﬁauﬁfﬂﬁwé’ﬂmuua“ﬁau’mﬁau \usunilsves
mignuligennsooiungmneus:d wamwuﬂau 1 Mfentes [3] FoFonoimseAimsaiesi 56 WIT
(Ui 1) luemsasdidne esanfianssuua: mildouzesnmadugluuuemsisouus:
dninnuifingugldouiuiveunaziimslinasnuiireninann  suemmsuazmutsiuiidao
manzanemsAnm azmandemaiiludisafivieoys uazdnduds:Toniliuanminerds Az
wamsAneil Widuswamemsusulgsmmsiienmseusnindsounely

JUN T @1AINTAANH: IAMTRRNNIZNLITA 56 NTTH

NNMIANINTVIUMIURITMIUszuMMIaySnEnasNuzese1mMs [4] wun Tusunsu BEC
50 Building Energy Code t{luiA30aiiafuimmmsonsntndonumunmuinnsgIunsesnuuy
iemseusntnasnu Jnlszneume ssuunfeonoims wilsems uazndsmenms ssuulihusesai
srupUsuermA  guasaindmiriou  mslindsounyuidsusazmslindsnulaesmeeseims
TnoTusunsn BEC lAUSS9ANNQITNATEIMURZENMIMIAMUIMANANGATINTIT AIVUA uA:
laimahliuniesie  WefnwUs:amsmwimumssysntndonuzosems  e1mmsAnmuLIMg
msUsulgeemsiomseysnindonu asdiAnmomsamuAnmans [5] Imadniunsidede
fmuammsnenmsfnsiuemssanfinm daimeerms 9 Usnanmungnszne nglald
in3aviiolumsdimas A TUsunsu BEC (BEC Version 1.0.5) lumsusadfiudmslindonuua:
USzANSMANF U000 HamsIdenud1 wwamslumseusndnasoulueimsiliAniu
sansavilvemstavdandsnuld  TnemsusulgeiaanseummsisimanlssansmsmemanuFousn
(U-Value) @omamausuugeiandonariinlienmsnsdiinm fif OTTV uazen RTTV lugauiid
maUfuemA sansorumaamannsgu wazanuiuldlflunsamuiieUsulgeeimsiy
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Alddelumstsuueimsiiniu 2.02 % sesnmaesse mslindsuliihanasAndu 623 %
PR slindsnueImsneunsdsulss uazmsAnwizes [6] lafnmuuIniemsdsudgseins
srinmumssgdmin WemsUsvdanaoo veglulsamnanemaailinu 8 Filu wwdeaiy
01MINIIANY TRadIBMIAIduMITAD NMIANIRNBUNINEAINTDIOIAT TIVTINTIYS
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Abstract

This paper focuses on the parametric study of foam-filled polygonal thin-walled tubes subjected
to torsion using experiments. The tube shapes include circle, octagonal, hexagonal, and square.
The tubes have the same perimeter, length, and material. The effects of foam density and the
number of polygon corners are also investigated. The parameters for analysis are average force,
maximum force, absorbed energy, and specific absorbed energy. The experimental results
show that failure behavior starts at one end of the tube, and the number of hinge lines increases
with the torsional angle. The results for foam density concluded that the average force,
maximum force, absorbed energy, and specific absorbed energy of foam with a density of
100 kg/m?® are the highest, while those of foam with a density of 50 kg/m® are the lowest.
Furthermore, the results for polygonal shapes indicate that the circular tube has the highest
average force, maximum force, absorbed energy, and specific absorbed energy, followed by
the octagonal and hexagonal tubes, with the square tube being the lowest.

Keywords: Polygonal Tubes; Torque; Foam-filled; Experiment
N
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Abstract

This study aims to investigate the factors affecting the quality of cauliflower powder, focusing
on two variables: 1) pre-drying heat treatment (blanching and non-blanching) and 2) drying
temperature (50 and 70 °C). A 2x2 factorial design in a Completely Randomized Design (CRD)
was used. The color charateristics of the cauliflower powder were analyzed, revealing that
blanching follwed by drying at 50 °C resulted in significantly higher lightness (L*) and lower
redness (a*) and yellowness (b*) (p<0.05). The chemical quality analysis showed that blanch-
ing and drying at 70 °C yeilded the lowest moisture content and water activity (a,,), while the
dietary fiber content was the highest (»p<0.05). Cauliflower powder processed with blanching
and drying at 50 °C was then used to replace wheat flour in tuile cookies at 0, 10, 20 and 30 %
substitution levels. Increased subsitution levels resulted in decreased lightness (L*), increased
redness (a*), and increased yellowness (b*) of the cookies. The hardness (crispness) of the tuile
cookies significantly decreased (p<0.05), while the moisture content, water activity (a,), and
dietary fiber content increased to the control formula. Sensory evaluation indicated that higher
substitution levels of cauliflower powder led to significantly lower scores for color, flavor, taste,
texture, and overall preference (p<0.05). However, the appearance did not show significant
differences (p>0.05). Substitution of up to 20 % of wheat flour with cauliflower powder was
feasible without significantly affecting the overall preference compared to the control formula
(»>0.05).

Keywords: Cauliflower Powder; Wheat Flour; Tuile Cookies
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AFMLIUMI

1. Anwiladeffinaronmamoasnonzianen

waBNHanznaAeNAIIUT 1 Tnenhnmmsaendildnnmafninnamnsnnanuissuiiuly
funazdedinieen suidudedvrianuszerauasiluudmemsazasnunadonmmlodalng
anudududesar 0.2 Wina 10 Wi aufeihaeinsn 1 seu udinoliandai 5 i fvua
Jeduiivhmsfnudod

fadeii 1 mslinnuSeuneueuwilnsutsn:usneneeniu 2 dm i 1 snluhsou
finmunadi 96 - 98 °C w3 Wit [4] deuduliazninialidu uazdiud 2 lisin v
Aunzmanenduiman 9 newilueuuia

fade 2 gamgilumseuuis nmaneniiwdenns 2 wwu deuwiuuuaniou
(Owner Food, TD10, Bangkok) figaunafi 50 uaz 70 °C Zaiugnmgiingnsdonlilumseuuiionznennaen [3]
uwazutlondae [4] evausipnuiugameldiiuiesa: 14 (asgunanimeg anamnssuuioad
awndszaoh wen. 3752524) hnzmeneniniumssuunsniuliandunaionieotunsuemauda
TOUMBAZLATIBUIA 300 luATou

HINZNRIADAINIATIZRAMERI8IASe0IAS (HunterLab, ColorFlex EZ, USA) 31AT12%
USunanidas: (Water Activity: a,) f8LA300IATITNNEES (Aqua Lab, 4TE, USA) StaszndSuna
ATUTUMNIE AOAC (2000) uazdnsznusmandulene1umeds AOAC (2005) MauHUMINARSY
WU 2x2 Factorial in CRD AAsizianuulstsmmelusunsndniagunoadn IBM SPSS Version 23
wasSeuifisuanuuanmoesAaaslneds Duncan’s Multiple Range Test (DMRT) #i3zAuaaiosi
Souaz 95

aanzmaiuisimnzanazgninluliiewmeunonznawiolinaunudimauioea
Tuaniganely
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(M) NZANIADANNLATA (1) MIAALAITBADA (A) 1TBABNNNUNBULINTIDU
UN 1 mMswssnnznaInen

2. Anmmavaunuiinauidvndmensnznanenluaninie
manauniUSinauienamensnznainenluanine Tnedennonznaineniilinnde 1
wmaunuuilosndvesulunnine idawasnngasiugiuzes [4] AnmmsnaumiSmumenzraaan
TudSinmSesa: 010 20 ua: 30 vosminuiloand uaddmwsudn 9 Aoma1of 2

3 1
= =

MIWN 2 BRIIEINBRITIUNENANAREINALLLIEAMerInaInan Uz AUA1g 9

a 1] Py o =
USUIUNINZARIADANNALLNULLUIFIR

FIUNEN (ATY) (osazpasinminuilsani)
0 10 20 30
wilsaRotunyseaon 52 46.80 41.60 36.40
WINZWRIADN 0 5.20 10.40 15.60
law17 78 78 78 78
mansetu 32 32 32 32
LUEILAN 40 40 40 40

N Ankdasunan [4]

SupaumIMANIAEN  GuanRldaduhmannsaumeenseu souuiimatumenzsnen
aslAwsaliiniy - antuldueiazmeoudiasllAnsiliiniugnass idunsildlufinianine
thalifamihiZeusueiu Tsewhanifmesaueuruaziieuiiomungd 150 °C s 15 - 20 Wi
iheennnwmeuinliiuuazussldaedalaniniionnadeuamnindel

2.1 AMMWINIMEATWLRoLAS

1) JAfd L* a* b* faeia3esind (Hunter Lab, Color Flex EZ, USA) in3auAnfiaa
Tflunsudmsuldmes iliinmdmeoniosindifigdaown 1 11 Tagliunaouas D65 was
AR 10 a9F A1 L* fAemnnuade M a* Aemanudndunous:fizes M b* Aemanudy
Fwdeouaziniu manases 3 0

2) ”]'ﬂl,‘ﬁﬂﬁuﬁﬂ Tﬂﬂ‘lﬂ"l.ﬂ’éaﬁmﬁaﬁuﬁﬂ (Brookfield Texture Analyzer, CT3, USA)
Fouszneuse Load Cell zwia 10 Alansy liWiansenszvendurmaudnarsnwia 2 fafwns
(TA39) MiAMansa 2 fafwasAeduwdi [4] manaaes 10 91 tufinAussnagogaiviilinaiuan
e0duAMANNLDY (NTU)

3) JaUsmauidas: (a,) MOA30IAIZAEBEI: (Aqua Lab, 4TE, USA) vms
naned 3 4
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4) JaFmnaAnaEuAAETes AOAC Method 94532 Tﬂﬂﬁaﬁaaﬂm 5 nsuldlume
aﬁmLuammmummmﬂuuﬂﬂaumﬂmammau (TWB Binder, IP 20, Germany) figaunaii 105 °C
aunsRaiminAsiMINARe 3 91

5) P57 o3 (Gerhardt, FT12, Germany) #2893 AOAC 2005 lagliia3en
AU le1MS (Gerhardt, FT12, Germany)

NMILNUMINAFBULUUGNBE9aNYIA! (CRD) AAs1iAnuulstsiumiallsunsu
du593Uneaia IBM SPSS Version 23 uazil3auiisuanuunndissesanaidslneds Duncan's
Multiple Range Test (DMRT) fisziuanuidosiuiosa: 95

22 MINAFBUANBACNIUITE A NN Usuﬁuqmmwﬂﬂ?;mul,aﬁmﬁﬂwmzﬂsmg a
NAusSH Hedudd samA uazAnuzevlaesin lduvunaseudueiian 9 Point Hedonic Scale
© = geumnniign 1 = Bievnniign ) MuumnaisessuRanimRe Foolinuuumssensuluma
5 pzuun lignageudnilimumsinduduag 30 Ay NowsumInaaosuuugiluufenauysal
(Randomized Complete Block Design; RCBD) Aaszianuudsisiu meldsunsudiiagumosin
IBM SPSS Version 23 uaztSouifisuanuunnmozesaiaaslaeds Duncan’s Multiple Range Test
(DMRT) fiszivansidesuiosa: 95

WNANITILLRINIIAINA

1. wamslimusaurenmMNTaIHINzRAIAGN

miﬁﬂm1°Jﬂéﬂ“ﬂm'imﬂLLaﬂ;J'mﬂﬂvm\fmaﬂfiaummuLLﬁnﬁamwﬂﬁ 50 waz 70 °C wmﬁ
AIAINETI (L* ) 900HIN: ‘wmﬂaﬂummmemﬂﬂuamﬂuuﬂmﬂmmaaam (p<0.05) mm‘mm 3
wazgUil 2 - 3 VUAUTHINZAEINONTINIUNTRINUAZOULTITA 50 °C JJﬂ’Iﬂ’J’IJJﬂ’J”IﬂJﬂﬂ‘V]ﬂﬂ ifle9n
mslianuseulumssinansatiedudslfisenveseulsiindfiuessendiag (PPO) Milnasans
Wasnwasizeswsnzvsinen [5] mssnnmmsinenluinfenduszaziasu q liemesnig
\aarnTuAtFBeInecnmsnenuNsAsNBgUISEIMATouFBeInAReTsTad (Chlorophyll)
Idnaudeiy uazilelfommailumssvgaiunaumnsalueadinasdeunselsiadiduillelwiu
(Pheophytin) ¥iiliinznsnenidihmannusisdoanas wennninzmanenimsiulamnsnegsosa:
442 [6] Fovszneviie dwzesuiuazima Tnowwshmaimdammsaiufasadune:alu
Tulsiuniomsvsznovlulaseudu 1 Iﬂﬂﬁmm%auLéoﬂﬁﬁ%mﬁﬂﬁtﬁﬂmif\iﬁﬁma ‘V]%ﬂl,%ﬁlﬂ’j”l
UA381Ua815A (Maillard Reaction) amnimaﬂﬂgmmﬁl LWJJ?luLJJi’Jﬂm‘WﬂJJﬂﬂ"ZJu Az
HANUINTUGILRS gEuniigoas mﬂﬂgﬂimmmﬂ iWevanin Autocatalytic amm’manﬂgﬂimu
aziingwdu 2 -3 wh maammmwmuwﬂ 10 °C mmimmmaWiﬂTmmmﬂmmmmwm;mﬂu
5 - 10 1 mmmmaaammmmwmumaammumﬂu [7] @oriun: wmﬂaﬂwmumimmm“
auwiiTionnail 70 °C FefmAnuE A IMEwAY (%) uazmdmies (b9 gendinmmaaeniioud
50 °C AnunzvsRenTHIuMIRINUAzeUTIgMMgR 50 °C Wimaningn USnmanstuzaskonzrmnen
vLJJJJﬂ’JHJLLﬂﬂmﬂﬂu (»p>0.05) Lmﬂimmmamy (ay) ummumﬂmﬂﬂuamﬂuuamﬂmmﬂﬂam (p<0.05)
TrsnonznsAeNIKIUMIRINUAzaLWITIgMNAS 70 °C fumahdsszimian esainnsain
iliAamsisuulasesfs:nevtesningasizdasnmelnassaissesiedelnoamzmniu
amaneenanlaseasuazazmellinh  ilianuuiousssesningadanas  donalimitluduems
filemasaneeenlulinndu [8] sonrdesiusAdeas [9] AnwIsmsaInfiuanmMatureAmA M
Sumeileddn TaowSeuioumsain 3 wuu fe andeiiien sanfmgleth uazainmelulasim
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wuhmsandmsinieailiadiiledevesiumagninarsuazgaudninilidedodoudias
Fordasz (Free Water) sumsoanlulidioniningams (Bound Water) dsnalilSinanioss: (a,)
YRIHINZMENADNRARY  TeRANNENNLSALUSIMANEuLR SR MIAnUGis e moailuems (5]
AodunzvaAeniiumIaInuRzaUWisoamnd 70 °C FefuSinmanuduuaSinahaaszmign
wAegslsimunsnzvsinenig 4 manaseadulumunasgiuemswiinnuduliiuiesa: 15
wazUSinauhaas:lidiu 0.6

ﬂ%mm%aaamaa’[ammi wuiwwnﬂ:wﬁwﬂaﬂﬁﬂﬂn”ﬁha 9 AANNLAnMUiUeuiiesAy
mosif (p<0.05) Tnen: mmaﬂwmumsmmm ammawamwnu 70 °C fUsmandulesims
mﬂmmmﬂmaﬂa“ 1845 TamenpmesiueIduzes [10] Twuhmssudnmm /Andds uazenpas
figaunnd 70 °C Sivsmauduleemanniign leemns (Dietary Fiber) umslulamsaiiszneusie
waglas wigaglaauazmnauniedin [7]1 doeaglasezed audrduiduidulosmalngua:
Linzmeimdemvnazmeaulawaznuanusouldige [5] Tnenuiwaueulzn (Anchote) WLMIAIN
fsmalsemaiisiudiowSeudissduilinumsain  sadennmassIniilileemsinzae
gadslutesmiumsan Astumsaindededuuimaleemsiu (Crude Fiber) Autiuiads
lumsadnneusuuisuazgunailuniseuuiiviinanessAdsznaumoiadilumulsuimuaaui
USnanides: () wasUSinadesazveluemsvesnenzmsinenegeiiiudAgmoaan (p<0.05)
idlofAnwmamMwIasWInznaIneAnU IS INanhasssuazUSuanuiveylunuinnnmaaag
Tneanadugainglifiudess: 14 Gnasgunandud ansmnssuuionfemnts:aod wen. 3752524)
uwazUTnauhassing 0.6 munesHILa Wi luomstesnzaAeninILMIRINADLB LA
o 2 pampfiviinaleemsiladidesiu Joldamnwiuiidundninasilumsd@ensonzaainen
AetiunsnzvaneniaInuazoufigundl 50 °C JegaideniielilumsAnmmamamaunuuiomadis
NonwEIADnABAMMNTDIANTAEAB L

AN Taon

() au 50 °C (9) au 70 °C (m) av 50 °C (9) au 70 °C
JUN 2 anwacdnonznainen

MIWN 3 U UMALRZDIAYINDUMANYDININZARIADN

Jasunfnm
ANBUANN aIn Taaan
50 °C* 70 °C 50 °C 70 °C

AR

L* 69.17+£0.16* 67.1510.08° 63.90+0.49¢ 58.90+0.22¢
a* 5.69+0.06° 7.27+0.12¢ 7.61+0.08° 9.39+0.07¢
b* ) 26.11+0.25¢ 26.45+0.32¢ 27.84+0.28° 28.40+0.09
USuaAnudus (Seuaz) 13.39+0.11 13.344+0.03 13.95+0.04 13.43+0.6
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MIWN 3 UsslumALazenlsznaumotAianinInznaInen (Av)

adenfne
ANBUAUNN eel liaan
50 °C* 70 °C 50 °C 70 °C

Ui 0.33+0.00° 0.28+0.01¢ 0.37£0.00° 0.3240.00¢
Usualeoms (Sewas) 17.2540.19° 18.45+0.33¢ 16.5740.14¢ 14.6940.40¢

v e e ganuuanmenueultasANEdn (p<0.05) luuuiueu

s nnedo TusianuuanmeiuegeiitudAnesdn (p>0.05) luuuiueou

* nnwfs Qunilunmsouuiy

L* sy AANNEI0209E917A 0 - 100 (&A1 - §217)

a* 4+ BB AELAY, - KEBDY AFLDYD
b* 4+ AHED0  AIEARDY, - NHIEDY MELISY

2. wamavaunuussAMmenInzaIABNADAMMNTBIANTRLA

D md namsfnmmanaunuuilsndmensnzmanenlunnineisesas 0 10 20 uaz
30 ﬂaﬂﬁmﬁmlﬂﬂmﬁ wu:hmswﬂLmuuﬂﬂmﬁﬁmwﬂﬂwmﬁ"maﬂ‘luﬂ%mmﬁLﬁ'u%u V‘iﬂﬁfhmmadm
?la\3ﬂﬂﬂﬂLﬂﬂﬂﬂﬂﬂUMJJ‘LlElﬂ”lﬂfUVﬂﬂﬂﬂﬂ (p<0.05) Aum30ii 4 diuIAMANLETI (LY 29ANAAN
gnamuAn (Gewa: 0) fifwniign Motidlesnnronmmsneniililumsmasesiidmderenthmansiu
nonznanenlulTuiigeiuioilimanusieesaninaanasnanmasesiliaenafeciu
owAdees [11] Wdnsmsnaunuuivedmensusenlad lundndasaninsesa: 0 3 5 7 uaz 9
wuhmamanuRusentad luUTnaligsauasilvangmANNaTe (L) anne wazowidunes [12]
hmanaaosmaeSunsRnlaaluanisesa: 2 4 6 ua: 8 wimuhmaswern ToluUS gty
ﬁ]“ﬁﬂ‘ﬁﬂﬂﬁﬁﬂi"ﬂuﬁmﬂ’J’lJJf\i’jm"a’E]\f\i@ﬂﬂﬂ fuM a* Msuenfomdung uaz b* Msvenformamaes
?l’r)ﬂﬂﬂﬂmﬂ wummswmmuwaﬂ napenlulSnaigeiuinailimanuiuiuns wa:fmies
veAnfmaIinIet0sitesAnmMosan (p<0.05) AogUil 3 Emlmﬂmﬂﬂgmmammawlumauvlfzm
(Mallard Reaction) Uuufnsenss mm‘mumiuaua (Carbonyl) ﬂaﬂmmmm?ﬂumLauu"aa\ﬂmLaﬂa
Tusaulzsmludiunsuinduasinalaga (N-Substituted Glycosylamine) fAnUGAseReBY
aududhmalaeianufeuiuiedulumasslfasenieamnnivingu [7]

(ﬂ) 0 % (2) 10 % (M) 20 % (9) 30 %
U 3 AnAgwinaunuuilssmensnzsnanluszAumg 4

2) Anuuds manaseuiledudETacANAAIe (Hardness) Wuimanaunuuilomdmens
:m"’wﬂaﬂiuﬂ%uwmﬁaaguﬁﬂﬁﬂmuLLﬁﬂ*’aaaﬂﬂ?;maaﬂaﬂatimﬁﬁﬂa"wﬁmmﬂaaﬁ (p<0.05) ey
gasmuAn (Faea: 0) AamMT1an 4 iesanlun: mmaﬂumaa‘[amﬂumuﬂi ﬂaumﬁ]mﬂuiwal,mﬂﬂﬂsﬂ
sensszostimang laainuinnluningadeooiis doasiuanumilelidundndue [7] dou
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manaunuuilsnamennzmanenuUinmuniiusudoilianinaeinnuudanas dosenndasiu
sidures [13] uwesunanangulasldutoinduanaiunseanesiveiua:ldawe3
TuuSinadona: 12 3 4 uaz 5 wuhmaduwsliawesiiiniwhlinnuuisesamesanas uas
swAdemes [11] ARnmmamaunuuilsadfonsusenladluaninsosa: 0 3 5 7 uaz 9 WU
manaunuuilssdmensusenladlusimaiiniuilianuuissesnnianasesaiiedfay
Muann (p<0.05)

¥
a

MIWN 4 RABUZNIMENINTDIANNALR

a ! = o oY
YsuansnchanannnatnuLLlsaa (s08R2)

ANBAUZNIINMEBNN (Govazvasuminuiosa)
0 10 20 30

A
L* 64.50£0.70? 61.1940.59° 61.70£0.08° 58.89+0.97¢
a* 1.77%£0.35¢ 4.84+0.37° 5.72+0.12° 6.77£0.77°
b* 32.57+0.73¢ 35.79+0.18° 37.46+0.64° 39.13%£0.79°
ALY GFEY) 835.50+45.04* 785.00£30.872 619.33+73.16° 595.17+46.67°

b i3y ganuuanmenuetullssIANEdn (p<0.05) luuuiueu

L* ey AAINE9989E910 0 - 100 (§61 - §21)

at 4+ B AELAY, - KEBDY AELDED
b*  + NHIERY MEARDY, - BI8DY MFLIY

3) USnaenuii uazUSunanhass: (a,) msAnmUSIaANLTuLe: S nanhasszu0s
AnfgEAnALnuLlsAmeroniaInenAssAum 9 MamsnArasnuImsnaunuuiloadfie
wclﬂ“vm"’wﬂafﬂ,uﬂ%u1mﬁaﬂ§uﬂ"ﬁﬂﬁﬁhﬂ§mzumm"??u LLa"‘U%mmﬁﬁm“ﬂaﬂﬂﬂﬁmmﬁu"ﬁuasimﬁ
HesAYMUNDA (p<0.05) Famna1om 5 iduleamns waﬂiuﬂﬂﬂuﬂmauumﬂmﬂumm'ﬂu AN
¥BIANNDZ meumuﬂimmmuwﬂummmﬂuﬂﬂﬂ Honenadesiueuidenos [14] Afnwdnwas:
AMAMLAzMIMuBYLRBaszTasANTIuATENA TnenaunuruaserluAnins:Ausosa: 5 10 uaz 15
wuNANNTUTRIANTLT L e NALNLUSINMRILATENANEY uazuidezos [15] AANmINIEEY
wapenlauluanfiuedisesa: 0 3 6 uaz 9 wulidloAnUSnamsnenlaulugnidndu U
ANuTuTRIANANGY (p<0.05) WouTmurnuiuluanigaiuiudslinnuuiosesanineanag

1) Ynailsewns mamsinnziimaloownsluanigaimaumuilsnfmensnzmanen
fiszdudne 9 nuhmsmaunuuilsndmennznsinenluysmaigeivasiiliusmaleemsoes
AnRAEANTLaE0SITEE A UNIRAR (p<0.05) AemTd 5 esnnzsnenilufisideduszney
veugaglaaneglunguleawnsfibinzmei [7] Tleewnsedsors: 1725 dwluuilomndiloems
agfeun: 11 wonmsnenimn:AldilGmadiloemannnd  WenaunursnznsaenasluAnine
U%mfuﬁl,ﬁu"ﬁuﬁﬂv‘iﬂﬁ@ﬂﬁv@mﬁﬂ%mm‘lammnﬁuﬁu FononAmpsALMISETRs [3] TRABIMINALNY
wonzusnpenuzunilsaAnfess: 0 5 10 15 uaz 20 WUNMSAWIURINzAEADR LTI MT NG
ilileemslundndmnounioinivessfidudAumesan (p<0.05) uazuidozes [16] AN
msnaunuuilssdfmennznanonlufisinfifosa: 0 10 15 uaz 20 WUIMINALNURINAIADN
TudSmaiiindurililoamnsluwdnduabanniiniu (p<0.05)
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¥
=

MIWN 5 AUMNMIATNIBIANARALE

a ! = A o Y
UYsunaunsnziamannnaLuLllsaa (3o8a)

ANHUSAMUAN
0 10 20 30
USanmnnuiu (So8Rz) 1.62+0.04¢ 1.55+0.01¢ 2.35+0.01° 2.45%0.03*
U%N1m1§1§ﬁi: 0.37+0.01¢ 0.43+0.01° 0.43%0.00° 0.43%£0.01°
Usmaleoms (Geeas) 1.50+0.34¢ 1.81+£0.03¢ 3.02+0.77° 4.80+0.77°
LA FUR TG ganuuanmenuat s ANIEdn (p<0.05) luuuiueu

3. wamssansuIIUsImMANATTIANNALR

mstszfinaanmmelszamaudasefus Tnarendndnganigainaunuuiosdnie
wonzwaIAendaea: 0 10 20 waz 30 wosiminuiiadmemslinzuunuun 9 Point Hedonic Scale
Telvignagen 30 Au Uszfiupnuzoumemudnsazlsng & nausa semA leduis uaz
anuzeulaesm  wamanageudilAdamael 6 wuhimaseudlinzuuuanureumuRAYETINg
sospnRRlidANuAnmeuet it Amoaaa (p>0.05) TaslinzuuuAnureumMuInYMITINg
Mlaogludis 7.23 - 7.30 Amuu dopzuuudonanegludsgeuthunas Tnegnaseudulinzuu
anuzeumudnsaNngresantinawmuilindmennmsnenisosa: 10 mafigawiy 7.30
(gouithunaig)

namIUssiuANutemuinU AN WnAuNY  uilimdmensnzvainensosa: 0 10
20 waz 30 womihminutssAtianuuanmeiuesiitedALmMeEaa (p<0.05) Tnogasalasu
AzuNUINTIgAAD MInAuNUUSINMRINzREIneniTosa: 10 ua: 20 é?ioﬁﬂ"uuummﬂamvhﬁu
7.80 wuaz 7.77 (Fou1una1y) 819t iAIINNITNALNUNINS mamanaﬂﬂm‘lwam&m E\I“Zlﬁmﬂﬂﬂmﬂ
firnuidufmdosouhmadaauindudoililasuauuumnniign uazflenaununenzuainen
foFewn: 30 exfiuhnzuuuanaiasndiimazesnnigadainly

HAUTTIUANNTOUMUARUSE S8R LLﬁ]“LﬁﬂﬁNﬁﬂ Wuiwmiwmmuuﬂomﬁﬁmwoﬂ‘"‘mé’maﬂ
TuUSinaiigeiuinarinlinzunuanudevsesAni gaanasetiied 1 Ammeaaia (p<0.05) i
anadiasnanmsnaumuuilsamennznmnen i inaussrn:nMnan U Sauliy
AUgAIAILAN ﬂﬂmwmiwqaﬂmmmmmi S-methyl-L-cysteine Sulfoxide Lﬂﬂiuﬂiwﬂﬁuﬂuﬂ“ﬂﬂﬂﬂ
miooulasl Cysteine Lyases 1'71'wﬁmTﬂUL"??aﬁgﬁuw%ﬁﬁagﬂuﬂmﬁﬂﬁﬁﬂmi Dimethyl Trisulfide
Tiinnaulundndnideds  WwAsiuralsafiuanurevmuioduiaiiua liuanaoionauny
uwilssdmenonzmmnenluinuigeauilianigeidodudaies - erfesnnnleamsinly
nonzwsmenfisiamsNATnAuhnSeAmdulAR nliidedudauesanigainaunumsRonznanen
Souaz 30 IAsumssansurieaigalus:Auteudntias (6.17 AzLuw)

navssdinanureulaesan  nuhmsnauwnuuisadfmeninnznanenluuinaigeiu
finaiiliinzuuuanureumuanuteulasTInzosnntgwinawuisndmennzsneniuua T
flazanaseeofitodAMonan (p<0.05) Aol 6 uazgUdl 4 udanndnAunuuiloEdfie
nonsvisneniseua: 0 10 uar 20 linzuunanugeulaeswldinuuanmeiunesdn (p>0.05)
Azwnueyludie 7.37 - 7.67 (outunaig)

ISSN 3027-6756 (Online)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal)



RMUTI Journal Vol. 17, No. 2 (May - August 2024)

» 256701 [AN%-
I 6 AzuLUMIaNSUMUs R mANEaTasANTR
. 2 Usnamsnzianenimaunuuiivana (Gesaz)
ANEUNNATOU
0 10 20 30

ﬁﬂwfu:ﬂ’iﬂﬂgﬂs 7.23+0.73 7.301+0.75 7.27+0.64 7.27+0.74
i 7.37+0.61° 7.80+0.712 7.77%+0.68* 6.87+0.73¢
NAUIH 8.37+0.61* 7.5010.68° 6.40+0.62°¢ 5.37+0.67¢
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Abstract

The intensity of light in the classroom affects learning. There are few studies of lighting in
classrooms in urban university buildings with tall buildings, including physical factors that
may affect lighting. The objective of this exploratory study was to investigate the reflectance
coefficient and the physical characteristics that affect light intensity in three lecture-style
classrooms: small, medium, and large, comprising a total of 42 classrooms at a university.
The tools used are a lux meter and an observation form. The statistics used in the analysis
include number, percentage, mean, standard deviation, One-way ANOVA, and Pearson's correlation.
The results of the study found that the most small and large classrooms met the standards.
On the other hand, in medium-sized classrooms, 62.0 % did not pass the standards. The large
classrooms have the highest average light intensity, equal to 652.09 (S.D. = 31.61). When comparing
the average lighting intensity of the three classroom sizes, it was found that there were
statistically significant differences (p<0.05). For floor and wall reflection coefficients, it was
found that white floors had the highest coefficient and different colors had significantly different
light reflection coefficients (p<0.05). In small classrooms, the surface light reflection coefficient
is positive related to the light intensity (p<0.05). In medium-sized classrooms, it was found
that the light intensity from artificial light was significantly positiverelated to the light intensity
(p<0.05). The intensity of light is influenced by the reflection coefficient. This is caused by the
floor and wall colors, in addition to the illumination from light bulbs and outside light.
Classrooms should measure light intensity to a standard value of 400 - 500 lux for reading
and writing tasks. The classrooms should have white walls, and if the light measurement is
insufficient, should increase the light bulb or the wattage of the light, which is artificial light.

Keywords: Reflective Coefficient; Lighting Intensity; University Classroom
N
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[4] - [5] eslsnmuluszAvganfnudeiidoyadinn msfnmassillafnmluionSouresmIng ay
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Anseglunsomnumuas dadueadiosionmaSeudulngduernsgs uazlad3esnmuInneN
Tureaiiedsafiumaszviousasuasadne deinus:Toaddmsumuuziniinmndy oflougosiiony
UszinsnmmaseuitedulsaiuiishimsmiuioEeu [1] nifimseAnenamunansanmlinsil

mInTIIRAMAENTeILRIE TITzaVeGE 3 TUIAASIL WURRANDES:ATI 373.87 - 652.09 dnd
agolsAamunuiesiousmanasliiunmrinnsgiuiesa: 62.0 deUsimAnsuaiaAnIsua
AuAsaIusane [12] ladmusmuiasgiuusoaigluiossineu wieousses vesduauniidonse
A5 400 - 500 and Moivesssumndnuazsmalnyisniesssuliniunasgiuses
nINEEAMIuazANATENLTINY  esnnUSinauasseirs e daldAummasun 4 vieodou
dmsunanuuzihvesmodsmaluladmunausaogegald  agulsimunanisnsiainuasadng
aldaseisanuuanmsnnransiawsss sl euiinululsandlne TnednmsAnmssm
wassrhluesdeululseSouwimilsludmingeys womuasasetshe 152 - 468 and 97
Lirunaiinndodesa: 87.5 uwazmsinwesseuludminvoundunudn evnmuniingiaia
usosholuvooSeufimlirnumaunaenasguduiu [4] iovdesnanmuuanmzeeImMSeu
Famsfnmassiliduoimseulsmiinedglueangomamuas namsdanalihomsseudnlng
dummssmalvuasge uenininimososnminedsua:lsoSoudanuuandaiu e1mslu
winensesiulngidunszanualsasouiuntimetinfiv AodulemanlasuLsInusI5IINTNA
FromontnaslunmIngrsesonnilseGey  suduiedanafisAnissmnunsenseeiui
arniaduiadeisndulumsiuiinsmmenennnnansnsanin

NuFenimaus:ansa:ouniusnmiuuazinnafigawniy 0768 (S.D. = 0.068) ua:
0.774 (S.D. = 0.035) uazilowSeuifiudag 1 AUAEIUT:ANBaTouToIURITNINLT anuAnmofv
fimsulssamsasTounuAnmiueesitasAmMIEaR (p<0.05) FEARRBIALTIBUNSTIAIMIS:ToU
gesuass ol in luamzunfidleussannsznuingazfiuasunsduiinziioumoinaos ingluszieundu
AouAsoua: 1-90 Suegiuiizasinquazauaise Tnefzesingifimauls:ansmaaziounniign
Ao #111 wazdA3u egszwang 070 - 0.80 [16] Wiuldi wesSeuimdnn danmAnseu ua:
Nuiinesamndnedimasmassieuunniiuinessouswalnguaziidon 9 saneiimsAne
frumnlaseunndornuiionelazesnguietoiiinousous:anud naufegofinnuiionelane
ammwndexiiumiioniign [17] uwazusodiriuiiiturevsesaulunndisery Gusziumsnm
ﬂaaﬂﬁmmamawaawumwammﬁmuﬂawaﬂmﬂaﬂuwa\ﬂﬂ 18] muuﬁmLﬂuﬂmLu A wilsden
uaziuFseufinnumnzandmsuiiensey defimdasviouiinnni@u | uazenafoanuimels
Tirugnldouiasld

ANUFUALS T oS EnE MsasTenuay anvarmemenmmelusiesSousaig
fupnudnzesusaionud  luiesSeusmadniimaudszindasveuudoiiadunusiuanud
poIuaIEIy  @msUTURBISEUILIANRIINDAMNLINLEID NUEIUITABFIAIINRNRLSAUAINLIND DY
wsaasetaiiiadFmesan (p<0.05) WodnsAnegny fesdaunmanasiiimasusaiig
manTesSouraEAuazsAlnaes it AMER  (p<0.05) D1aLiosNATBNSILTLIANAY
sniuresoguinusunaeiiivesty 9 Andurdoyueseims uiresEunwAlnainedenaeni
yesdueIMsTeiinMsSuugsnssINAlAAnT  AstuiesSaursmanassnismadnisedy
ussazTeuuazusinaenliyszAssnnmalnguacneesie s suiiiuiiionmsazvieu
fupnsmoiu dhilumunguizesiiua:msteniudiiuediuinanfonsouing nanfe uRITINGITNIA
n3oUsAvsinysiueoiwinnnanulisunaesuaion  Tnedladindsnugoanazdaning
uwansdtiueenmet A eiing mis wielummsaganAutsdulinunusIzeuLaod
gasinguueennld [17] sadedolid manisvessouwiufnfedusdesaiisazazvieu
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Abstract

In this paper, we apply the notion of (p,q)-calculus or post quantum calculus to establish
theoretical results of (p,q)-analogues of Laplace-type integral transform of the first and
second kind, which is a symmetric relation between (p,q)-analogues of the Laplace-type integral
and Laplace transforms. Additionally, we discuss (p,q)-analogues of Laplace-type integral
transform on various classes of some (p,q)-special functions, (p,q)-exponential function,
(p,q)-trigono-metric types, (p,q)-differential operator, and (p,q)-convolution theorem. Finally,
we establish results related to (p,q)-Aleph function.
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Introduction

Quantum calculus, also called g-calculus known as calculus without limits, has been
used in the applications of diverse areas such as mathematics, applied mathematics, and physics.
Euler was the first mathematician to study quantum calculus in the early eighteenth, which
Gauss and Ramanujan later developed. In 1910, Jackson [1], [2] introduced the g-derivative, or
Jackson derivative, and the g-integral, or Jackson integral. Many researchers have come up

with the generalization and development of the g-calculus as found in [3] - [12] and their

respective references. Also, the fundamental explanation of the g-calculus aspects can be found
in the book by Kac and Cheung [13].

Around a decade ago, the topic of the g-integral transform piqued many researchers’
interest, leading to various investigation forms. Many researchers study the properties of g-
integral transform such as g-Laplace transform of two variables [14], g-analogues of Sumudu
transform [15], q-analogues of the Laplace transform [16], q-analogues of the natural
transform [17], g-analogues of the Laplace-type integral transform [18], and g-theory of the g-
Mellin transform [19], see [20] - [22] for more details.

The post quantum calculus, indicated as (p, q)-calculus, is a generalized form of g-
calculus that was first considered in 1991 by Chakrabarti and Jagannathan [23]. It is pertinent
that the direct substitution of q by q/p in g-calculus cannot provide valid quantum calculus;
however, if p =1 in (p,q)-calculus, it will reduce to g-calculus. In 2013, Sadjang [24] studied
the concept of the (p,q)-derivative, the (p,q)-integration, the fundamental theorem of (p, q)-
calculus, and the (p,q)-Taylor formulas. The studies and developments of the (p, q)-calculus
have been conducted many times as found in [25] - [28] and their references. A slew of extensive
research about (p, q)-integral transforms can also be seen lately. many researchers study the
properties of (p,q)-integral transform and apply some (p,q)-differential equations such as
(p, 9)-analogues of the Laplace transform [29], (p, q)-analogues of the Sumudu transform [30],
and (p, q)-analogues of Laplace-type integral transforms [31].

Many integral transforms are created to solve diverse differential equations. One of the
most well-known integral transforms is the Laplace transform, which is wildly and extensively
used in several branches of applied mathematics and engineering [32]. In 1991, Yurekli and
Sasek [33] established a new integral transform, called the Laplace-type integral transform,
which is defined by

Ly(F(); ) = f,” #F()exp(—»?§2)dx, Re(t) > 0.

It is a close relation to the Laplace transform given as
Ly (F();§) = 5 LF(V); 82).

In the past century, the generalized H-functions have been established. In 1998, Sudland et al.
[34] introduced a generalization of Saxena’s I-function [35], which is considered to be another
form of the generalization of Fox’s H-function. This function is also named as Aleph function.
In 2019, Bhat et al. [36] introduced q-Sumudu and g-Laplace transforms of the g-analogue of
Aleph function. In 2020, Tassaddiq extended Bhat’s and others’ study to (p,q)-Sumudu and
(p, q)-Laplace transforms based on (p, q)-Aleph function [37].

We are greatly inspired by a series of the above-mentioned literature, and therefore,
propose to extend the g-analogues of the Laplace type integral transform to this new (p, q)-
analogues of the Laplace type integral transform of the first and second kind while giving some
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properties such as (p,q)-special functions, (p,q)-exponential function, (p,q)-trigonometric
types, (p, q) -differential operator, and (p,q)-Aleph function, which could be practically be
utilized to solve some (p, q)-differential equations.

The outline of this paper is as follows: Section 2 consists of some basic knowledge of g
and (p, q)-calculus that is used in the following sections; Section 3 is comprised of some (p,q)-
special functions of the (p,q)-analogues of Laplace-typed integral transform; Section 4
demonstrates the (p, q)-differential operator; Section 5 shows the (p, q)-convolution theorem;
in Section 6, we write (p,q)-analogues of Laplace-typed integral transform for (p,q)-Aleph
function; and the last section includes the conclusion.

The q and (p, q)-calculus

In this section, some mathematical symbols used in the (p, q)-calculus are denoted to be
of help in further study and can be found in [23] - [25], [29]. In the entirety of this work, let
0 < q<p<1 beconstants. If p = 1, then we can reduce (p,q) of any formsto g-classical, see
[13].

The (p, q)-number for n € N is defined by

[Pl g pq#1;
p_q ) ) )
[n]pq =p" ' +p"2q+ - +q"! = 4 [n]g, ifp=1; (1)
Ikn, if p = 1 and take lirr11.
q—)

Also, we write the (p, q)-factorial for n € N is defined as

]._[]n=1 [j]p,q = [1]p,q[2]p,q [n]p,q: if n>1;
1:

if n=0. @

[n]pq! = {

If p=1 in(1)and (2), then we called this the g-number and g-factorial, respectively, see [13].
The (p, q)-derivatives of a function F:[0,) — R is defined by

F(p)—F(an)
D, 4F =", 0,
p.aF () oo 7 3)
D, (F(0) = Lll‘)l’(l)Dp'qF(K).

If p =1 in (3), then we called this the g-derivative of the function F, see [13].
The (p, q)-derivatives of higher order are given by

(D9 qF)() =F(®) and (Df F)(») = D, q(DF4'F)(), ke N.

Example 2.1 Define the function F:[0,0) > R by F(x) = «3 + »? + 2u +r, where r is a
constant, then

D (K?’ NCIE P = (P33 +p2u®+2pu+r)—(q3x3+q2n2 +2qu+r)
P4 (p-qx

_ @*-g)x3+@*-g*)n*+2x(p—q)

B (P

= (P*+pq+a* )+ (p+qn +2

= [3lpgt* + [2lpqn + 2.
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The (p, q)-derivatives of the product and quotient rules of two functions are as follows:

Dpq(FG0g(1)) = F(pr)Dp q8(1) + g(qn)Dp gF(n), 4)
and
@ _ 8(q)Dp qF(»)—F(qn)Dp q8(%)
Ppg (g(u)) - 2(pE(@n) » 800 # 0. (5)

If p=1 in (4) and (5), then we called these the g-derivative of the product and quotient rules
of two functions, respectively, see [13].
The (p, q)-integral from 0 to a and from 0 to o of F are defined as

a ® k k
3 Fo0dpgx = (0 — Da i, - F (Fh7a) (6)
and

® o k I3
Iy FOOdp g1 = (0 = @) TR 57 F (i), @
respectively. If p =1 in (6) and (7), then we called these the g-integral from 0 to a and from

0 to oo, respectively, see [13].
The (p, @)-integral in an interval [a,b] of Dy F is given by

[P DpgF0d, g = F(b) — F(a).

The (p, q)-integration by parts representation as
12 8(@ODygFGOdy g = F(b)g(b) — F@)g(@) — [ F(p) (Dp o800 ) dps  (8)

also note that b = oo is allowed. If p =1 in (8), then we called this the g-integration by parts,

see [13].
The two types of (p, q)-exponential functions are defined in [29] as follows:
) = X O 9)
ep,q(") = Xn=o gt
()
Epq(0) = Zpzo o x" (10)

lpg! "~

If p=1 in (9) and (10), then we called these the g-exponential function, see [13].
In addition, the derivative of the (p, q)-exponential functions are given as

Dp q€p,q(nn) = nep, (npxn),
Dy qEp,q(mx) = nE, ¢(ngn).

The (p, q)-trigonometric functions cosine and sine are as follows:

2n
ep,q(0)+ep q(—in) . (_1)np(z )
cosp q(n) = =4 > PE— =30, 2nlpq! 2, (11)
2n
_ Epq()+Epq(-in) oo (_1)nq(z) 2
Cospq() = AT = o | 0 5o, (12)
en q(in)—ep q(—in) (—1)“p(§n+1)
sinp,q(n) = 2E——P4— Zip'q = Yn=o Tntilpgl w2, (13)
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_ ) (2n+1)
Epq(in)—Epq(-in) Zoo (-1"qg\2
2i T A0=0 anta], g

Sinp q(n) = n2ntl, (14)

If p=1 in (11)-(14), then we called this the g-analogues of the trigonometric functions cosine
and sine, see [13].

The function of the hyperbolic (p, q)-cosine and the hyperbolic (p,q)-sine of » are as
follows:

pa”t = 2 pa”t = 2

If p=1 in (15), then we called this the hyperbolic (p, q)-cosine and the hyperbolic (p, q)-sine
functions, see [16].
The first kind of the (p, q)-gamma function is defined in [29] as follows:

nmn-1)
g =p 2 fo wLEp o (—qr)dp gH. (16)
It satisfies the following properties:
Ipq(m+1) =[n],q[q(m) and T,,(n+1)=[n],q 17)

If p=1 in (16) and (17), then we called these the g-gamma function of the first kind and
properties of g-gamma function, respectively, see [13].
The second kind of the (p, q)-gamma function is defined in [29] as follows:

n(n—-1

Ypq(m) = qT) fooo n ey g (—pr)dp g.
The above equation satisfies the following properties:
Ypgm+ 1) = [n]pqvpq(M) and ypq(m+1) =[n],q (18)
The (p, q)-integral on (0,0) for B € R\{0} is given by
[ E(Br)dp gn = % I E@)dp gn. (19)
The (p, q)-beta function is defined as
By q(s,t) = fol w1 = qu)p g dp gt (20)

The relation between the (p, q)-gamma function and the (p, q)-beta function is

0—0(2275“—2) Tp,q($)p,q(®
Tpg(s+t)

Bpg(s,t) =p 21)

If p=1 in (20) and (21), then we called these the g-beta function and the relation between the
g-gamma function and the g-beta function , see [13].
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The (p, q)-Aleph function is defined by Jain el al. [27] as follows:

R (z- 0 q)l(athj)l,n; [ti(@ji, Ajdln+1p; |
Pravtet \ ™ 2 by, By 1,ms [Ti(bji, Bjid) Im+1,q;
1

21y
qj Pj -
fL Zir=1Ti[Hj=lm+1 Tp,q(1=bji—Bjis) ]'[].=‘n+1 Fp,q(a]-i+A]-is)Fp,q(s)Fp,q(l—s)smns] ’

[T}2, Tp,q(bj+B;s) [Tk Ip q(1—aj—Ajs)mz"5dp g5 (22)

where z # 0,  =+/~1, and L is contour of integration running from —ioo to +ico in such a
manner so that all poles of T} 4(bj + Bjs); 1 < j < m are to right of the path and those of T, (1 —
aj — Ajs); 1 <j < n, are to left. The integral converges if Re[slog(z) — log(sin(ms))] < 0, for
large values of |s| on the contour L. If p =1 in (22), then we called this the q-Aleph function,
see [11].

The (p, q)-analogues of Laplace-type integral transform to some
(p, q)-special functions

In this section, we evaluate 4L, (first kind) and 4L, (second kind) of some special
functions, which are defined in Definition 3.1.

Definition 3.1 The (p, q)-analogues of Laplace-type integral transform of function
F(»),Re() > 0 is defined by

pala(F0O;§) = [J° «FOOE, o (—qx?§2)d g, (23)
and

pal2(FGO;8) = [ wF(0)ep q (—pr2ER)dp gn. (24)

If p =1 in(23) and (24), then (23) and (24) reduce to the g-analogues of Laplace-type integral
transform of function F(x), which appeared in [17].

Theorem 3.1 (Linearity): Let F(x) and g(») be two functions, then the following formula
holds:

(1) p,gLa(F() + dg(1); 8) = Mp,qLa(F(0); &) + dp gL (8(1); §);
(11) p,qILZ(p-F(K) + dg(n); §) = p-p,q[[‘z (F(n);8) + q)p,qILZ (8(n); &);

where p and ¢ are constants.
Proof. Theorem 3.1 follows immediately from Definition 3.1. o

Theorem 3.2 (Scaling): Let f(wx) be a function, then the following formula holds:
(1) pal2 (Flam); &) = ép,q L, (F(n); \/_EB)'

(i) pLa(F(n);§) = 27 Lo(FGO; 1)

where w are constants.
Proof. The proof of part (i) and (ii) using (19), (23), and (24), and we get
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[o2]

Lo (F(n); ©) = f HE(@0)E, o (~qr2E)d,, x
0
1

o) 2 y 2
=—J, "FOOEyq (—qx (ﬁ) )dp,qx
=55, o L2 (P00 7).
pqlz(F(on);€) can be proven similarly.

Theorem 3.3 For f(x) = »?",n € N, the following properties hold:

(i) pqlo (27 8) = %
[z]p qp Ezn+2

(ii) pqLp (™ E) = %
[z]p,qq 2 EZn+2

Proof. The proof of part (i) requires the use of (16) and (23). We get

pal2 (" 8) = [ w2 By o (— g8 ) dp g

By the change of variables ®?£* = z, we obtain d, u = ~ and get that

[2]

1 o
p,qLZ(Kzn; §) = [2]pqE21+2 fo ZnEp,q(_qZ)dp'qZ

[n]p,q!
n(n+1) .
[2]p'qp—2 £2n+2

The proof of part (ii) of this theorem follows a similar process from the proof of part (i).
Therefore, the proof is completed.

Theorem 3.4 For n € N, then the following properties hold:
; 2y.gy — P 2y.
(1) p,qLZ (ep,q(rn't ), E) - [2]p,q(p§2—n) (n < pz )9
i o
(11) p, q]LZ (ep q(nK ) E) EZ Zk 0 k(k+1) 5
q EZk

(12{) K
iif) , oLy (Ep o (M¥2); §) = —— o 420
( )p,q 2( p,q( ) E) [z]p'qu Zk_o pk(k2+1)§2k
; 2). ¥ — a
(iv) pqLz2 (Ep q(nn?); §) = @z @< q&%).

Proof. The proof of part (i) utilizes (9), (23), and Theorem 3.3(i), and we have

palz(€p,q(Mu2);8) = [7 uep g (n®)Ey, o (—qu?E2)dp g1
(k) -
= [y % Eio P PO (P8 g1
(k)nk
= Zk 0 [k] f K2k+1E ( qK E )dpq%
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By the change of variables ®?¢? = z, the equation above can be written as follows:

(3)nk
p\2/n Ipqk+1)
p,qLZ (ep,q(m’cz); &)= Z]o::O Ko p1?(k+1)

p.q* [z]p,qp 2 y2k+2

_ v pn*
_Zk=0 k(k+1)
[2]p’qp 2 §2k+2

1 0 n
- [z]p’qzz Zk=0 pkgzk
_ p 2
= Epaeem (<P

The proof of part (ii) share a similar process from the proof of part (i), which can be written
as follows:

o)

[Klp,q'

(o0}
fo K2k+lep,q (—pKZ Ez)dp,qx-

p,q]]-'z (ep,q(m‘tz); & = Zlio=0
The proof of part (iii) and (iv) procceds in the similar manners from the proof of part (i).
Hence, the proof is completed. m

Theorem 3.5 For n € N, then the following properties hold:

) p?g? .
(i) p,gLz(cosp q(nn?); &) = a2 oD (n? < p%&h);

2k
.. 1 ae (c1Rpla Jnzk
(ll) p.qH-‘Z (COSp_q (nxz); E) = 2]p g2 Zk=0 qk@kFD g >

2k
o1 o (DG Jn2k.
(111) p,qLZ (COSp'q(nMZ), E) - [2]p'q£z Zk=0 pk(zk+1)£4k ’

~ 9’8
(iv) pqlLz (Cosp,q(nn?); ) = @5 D (n? < q*gh).

Proof. The proof of part (i) can be done using (11), (16), and (23), and we obtain the following:

p,qlz (cosp q(nn?); §) = fom KCOSp’q(I’I:LZ)Ep,q(—QKZEZ)dp’qK
2

_eo 0¥pla ke

= Zk:o qu,fo K4k+1Ep,q(_qKZEZ)dp_qK~

By applying the change of variables #?2 = z, the equation above can be put into the form

2k
ol o2k 4
(2K]pq!  [2]pqE*<+?

(29
—ye (-1¥p'2 /n?kry 4 (2k+1)
— 4k=0 [Zk]p,q![Z]p,qpk(2k+1)z4k+2

= a2 (~5p)

=L (07 < p%EY
[2]pq(P2E*+12) ps)-

p,qlz(cosp q(Mu?); §) = Xl fo 2%KE q(—qz)dp gz

The proof of part (ii) uses a similarly process from part (i). We write
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2k
o (C0Fp Ik e
pqL2 (COSp_q(nxz); &) = Xiso wao K4k+1ep,q(_q1’f2§2)dp,q%-

The proof of part (iii) and (iv) follows the same procedure from the proof of part (i). Hence,
the proof is completed. m

Theorem 3.6 For n € N, then the following properties hold:

np .

(1) pqL2(5mp q(nxz) E) = W (nz < p224),
2k+1

.. . ( 1) p( ) 2k+1 .

(11) P.qH‘Z (Smp,q(nkz); &) = Zk 0 gD Dk

2k+1
(n¥qle o2kt
(lll)pqLZ(Smp q(m{ ) E) Zk 0 [2 p(k+1)(2k+1)§4k+4’

(iv) pqL2(Sing q(nn?); ) = % (n? < q2E%).

Proof. The proof of this theorem follows the definitions and proceeds according to Theorem
3.5. The details are, therefore, omitted. ]

Theorem 3.7 For n € N, then the following properties hold:

() pala(coshyq(me);§) = i (n? < p2g?);
(ii) p,qLa (sinhy o (n1?); §) = % (n? < p2gY).

Proof. The proof of Theorem 3.7 directly follows from (15), Theorem 3.5 and 3.6; therefore,
details are omitted. ]

Theorem 3.8 (Transforms of the Heaviside function): For b > 0, let

1, foru=b;
HGc—b) = {0, forO0<un <bh. (25)

Then, we have
Epq(~b)
(i) Lz (HO: —b);E) = 2

(i) p gLz (H(t = b); &) = epl('q;).

Proof. The proof of part (i) using (23) and (25). We obtain

palz(HOt —b);§) = [[7 wH(x — b)E, o (—qu?E?)dp g
= fboo HEp o (—qu?EH)d) 1.

By the change of variables z = ©?&2, we get d dp, 4z, and we obtain

1
nN=r0
pq [Z]p,qKEZ pq

palz(HGt —Db); &) = Ez fb pq(—a2)dp gz
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1 [¢]
=- Zlpat? fb Dp,qEp,q(—2)dpqz
_ Epq(=b)
[2]pq8? "

The proof of part (ii) follows the same procedure from the proof of part (i). Hence, the proof
is completed.

Theorem 3.9 (Transforms of the Dirac delta function): For b > 0, let

1
fk(x_b):{i, forb<u<b+k; (26)

0, otherwise.
If 8(x — b) denotes the limit of fi, as k — 0, then we have

. . __ Epq(-gb)
(i) pala(8(x —b); ) = 1 =52,

(i1) p L2 (8(x — b); §) = ep.a(“Pb)

[2]pq8% ’

where delta is the Dirac delta function.
Proof. The proof of part (i) using (23) and (26). We get

p,qLZ (fk(}{ - b); E) = f0°° ka(n - b)Ep,q(_qKZ Ez)dp,q}t

1 btk
= Efb HEp o (—qn?E2)d,, g

By the change of variables z = n*£?, we get dp qn = z, and we obtain

1
[Z]p,quzz dp'q

1 b+k

p,qLZ (fk(M - b); E) = [2]p,q&2k /D
1

b+k
T T 2lpgik Jo " DpaEpa(=2)dpqz

~ G Epa(~ (0 +19) = By~

Ep‘q(—qz)dp,qz

If we take the limit of f; as k — 0, then

Ep,q(—ab)

palz2(8(« =Db);§) = limp qlLo (fic(x = ) §) = =) ==

The proof of part (ii) follows the same procedure from the proof of part (i). Hence, the proof
is completed. i

The (p, q)-analogues of Laplace-type integral transform to the
first order (p, q)-differential operator

We offer this section to computations related to the ,,L, and p4L,, and some
differential operators. First and foremost, we derive the following theorem:
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Theorem 4.1 Let Re(€) > 0. Then, we have

(c1¥qla")

DpqBpa(#78%) = =18 o g —— (P + @ )grn (27)

Proof. Taking (p, q)-derivative on E, ,(—1*£?) with respect to » and shifting the lower bound
of the summation, we get
('z‘) 252k
(=x°%%)
pq pq( KEZ)_ quk 1 [Klp,q!
k
=D q()
[Klp,q
=Dk q(k) k y2k—1g2k
= Xk=1 —( +a9[Kklpq 3
(—l)kq(lzm)

= Z]c;o 1 [Zk]pq n?k= IEZk

— 2y k+1 4 qk+1yg2k,, 2k
- KE Zk:o [k]p,q! ( + q )E no.
Hence, the proof of this theorem is completed. i
Theorem 4.2 Let Re(€) > 0. Then, we have
" (IZ<+1)
Dp,qep,q(_ngz) — _KEZ Zl?:o =D*p (pk+1 + qk+1)EZkK2k. (28)

[Klpq'

Proof. The proof of Theorem 4.2 is similar to the one of Theorem 4.1, which can be expressed

by
2%2 PCZ() 422k
Dp,qp,q(—#*§%) = Dy q XiZ1 ™ ( £)
1yxplc")
= _“Ez Zﬁo:o Tzq!(pkﬂ + qk+1)EZkK2k'
Therefore, the proof is completed. m

Theorem 4.3 Let V,  F(») = iDp,qF(n) and Re(%) > 0. Then, we have

§
pale(Vpq F00iD = FO +5 1,(Fooi5)+ % 1,(Feoi).  9)
Ppa “pa
Proof. According to the (p, q)-integration by parts (8) and Theorem 4.1, we can write

oqLa (Vg FOO;E) = f Dy qFGOEp  (—2E2)dy g
0

= lim [F(K)qu( —n?E%) ] —f F(pr)Dp qEp q (—#2E2)dp gt
=—F(O) fo F(px)Dp,qu_q( 1?82 dp g

k+1

o w (kG
= —F(0) + £ ;" nF(p) T gt (0 + g g
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cokgla )

= —F(0) + & fooo HF(pr) Zizo (K]p,q!

pk+1EZkK2kdp_qK
(1¥ql")
+82 [ uF(pn) Ty —o—

k+1z2k,,2k
T q<TE dp,qx.

By the change of variables px = z, we get dp qnt = édp,qz, and we obtain

(—1)kq(12(+1)

pala(Vpq FOO:8) = —f(0) + p™182 [ zF(2) Ty pTEHZERdp g2

[Klp,g!
o (cokqls )
+qp—2z2 fo ZF(Z) ZIC:’:O qu!quZkZka_dep’qZ.
Next, multiplying q~gX, we have
(c1kqls )
p,qLZ (vp,q F(n);§) = —F(0) + p_lfz fO zF(z) Zl?:o T:q!q_qup_kEZkZdep,qz

K1)
(1)

+ap~?8? [” 2F(2) Tio q74q q" gz p~2d, 2

[Klp,q!

k
_ o o (-DK () | _
— —F(0) + 18 [ 7F(2) B0 ([k)T‘:!qkp kgzky2kq g

k
_ o o (=X () _
+qp~?8 [ zF(z) Zio ([QT?]!qZ“EZ“zZ“p dp, g2
. 2,2
= —F(0) + p'8 J;” ZF(@)Epq (- quz ) dpqz
_ © 2§2,2
+ap~?8? [ ZF(2)Ep,q (_ qp_zz) dp,qz

= O +5 1 (Foo )+ 1 (Foor )

This completes the proof of the theorem. O

Theorem 4.4 Let V, F(n) = iDp_qF(u) and Re(%) > 0. Then, we have

palzPpaF05D) = —FO) + 5 12 (FO0: ) 48,1 (FO0: ) (30)

Proof. Using (8) and Theorem 4.2, we have

o Lo (Vpq FGO; ) = fo DpqFG0ep o (—pr2E)dy g

. a [es)
= ;L%[F(”)ep,q(_xzzz)]po — Jy E(@0Dp qep q(—1*8*)dp g

ol

— —F(O) + EZ f0°° KF(qK) Z]?:O (pk+1 + qk+1)E2kK2kdp,qK

[Klp,q!
o (-Dkp :)
= —F(0) + & [ »F(qn) ko Twpk-'-lEZkKdep,qK
o0 okpls )
+82 [ nF(@0) Tilo o @< TE P g

(Klp,q!
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Therefore, by the change of variables qn = z, we get dp qu = édp,qz, and the equation above

can be rearranged to the following form:

k+1

_ k
pal2(Vpq F0O; ) = —F(0) + 728 f zF(z)Z( f(]pq Pz gz
=0

(_1) p(l2(+1)

+q—lzz f0°° ZF(Z) Z]?:o T k+1§2k22kq_2kdp_q2

Next, multiplying the previous equation by p~XpX, we get

o k+1
_ —2¢2 ° (_1)kp( —K K- K+172K,, 2K o —2K
p,qﬂ‘z(vp,q F(n); &) = —F(0) + q7“¢ zF(z) ? p'p §727%q dp,qZ
o LT !
N (k+1
_ ) o (-DKpl2 _ _
+q 718 [ 2F(2) B, T — [)k]‘;q! R e Y

k
_ (=Dk ) -
= —F(0) +q7*pg? ;" 2F(2) Bilo - PHEH 2P g

o kp(3)
2 [} o) Do g B e g g
= —F(0) + q?p&? f ZF(Z)epq( 222 )dplqz
+&2 fo zF(z)ep q (— pETz) dpqZ

=_ g ( @) 2 < i)
F(0) + o L, [ F(n); . +8°) gl F(M),Ja .
Hence, the proof is completed. i

The (p, q)-analogues of Laplace-type integral transform to the
(p, q)-convolution theorem

In this section, we put an emphasis on giving a (p, q)-convolution theorem for the , 4L,
(pqlz is similar). Let us assume F(x) =%?Y and g(x) = «*f~%,y,> 0, then the (p,q)-
convolution product is defined for F and g as

(F *8)pq(0) = J; F(Mge — an)dpgn. (31)
If p=1 in (31), then (31) reduces to the g-convolution theorem, which appeared in [16].
Theorem 5.1 If F(») = »* and g(x) = »*#~1,y,8 > 0, then

g1 = RTE YRV SRy 4 @y )T (2B g (B D)
p,qLZ [(F* g)p,q(”)' §] = [2]p,qTp,q(2y+2p+1)E2Y+2B+2

Proof. Using (20) and (31), we get

t _
(F*2)pq00 = [ n? (e — qn)®P~1d;, gn
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= Kf r2Yu®Y (u — qrt) g B~ dpqr
= §2Y+2p fo r2v(1 — qr)ZB 1 dp gt
= n?Y*2BB, , (2y + 1,2PB).
Taking 4L, in the equation above and using (21), we can write
Lo [(F * 8)p,q(0); €] = Bpq(2y + 1,2) [, #?V*2PE, ((—qu?ED)dp q
= p@B-D(ay+2p) [paV+DTpq(2R) 2(v+B).
p Tpq(2y+2B+1) palz (x ;%)
— p(B-1)(4y+2p) Ip.q(2y+Dlpq(2B) [y+Blpq!
[p,q2y+2B+1) [Z]Mp<v+B)(;/+B+1)EZY+ZI3+2
pUPE YOV VST 2y 41T (2B g (r+B+1)
- [2]p,qTp, q(2Y+ZB+1)§2y+ZB+Z
This completes the prood of the theorem. i

The (p, q)-analogues of Laplace-type integral transform to the
(p, q)-Aleph function

In this section, we derive 4L, and 4L, of the (p,q)-Aleph function with the help
of Mellin—Barnes-type integral and (p, q)-gamma function [38]. Now, we use notation

( ]rA])lnr [Tl(a]v ]1)]n+1pl 1 s
Xpiaiin <Z @ q)l(br B)1m; [ti(0ji, BiDlm+1,q;) 270 aeg 1 Apiai (A5 By sz d gs

where

Apl i, Ti; r(A B]' S) =

]_[j“;1 Tp,q(bj + Bjs) [iLy Tpq(1 —aj — Ajs)
HE [H 2m+1 Ipg(1 — bji — Bjis) H] 2n+1 Ipq@@ji + A4jis)Tp g () (1 — s)simts]

Furthermore, taking t; = 1 in (22), we get the (p, q)-analogue of I-function defined by
Ahmad et al. [28] as follows:

@ A1 [@jir Aji) Ins1p; 1
= L plqllr(A]’ Bj;s)mz%dpqs. (32)

0z (p,
pvq'fr( ®: Dl ), s [0 Bi)Ims sy )~ 270

Taking r = 1 in (32), we will get the (p, q)-analogue of Fox’s H-function defined by
Ahmad et al. [28] as follows:

(@, A1p 1
Hplg (Z; (p, q)l(bj,Bj)lq = me Apy a1 (Aj; By s)mz™5d, gs. (33)

Taking A;=B; =1 in (33), we will get the (p,q)-analogue of Meijer’s G-function
defined by Pathak et al. [39] as follows:
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(31, az, - 'aP)) _ 1 m,n

655 (= 0 Dl o b (L L5y s

- HIL Pi.di1;

If p = 1, then the above results of (p, q)-analogue change to well-known results of I-function,
H-function, and G-function [11].

Theorem 6.1 Let z,p € C and Re(s) > 0. Further, let Aj, B, Aj;, Bjj € R™, aj, bj,aj;,b;i € C (i=
1,2,....,pi;j=1,2,..,q;), 7 >0 for i=1,2,..,r. The condltlons as given in above for (p,q)-
Aleph function also holds. Then, the 4L, of the X-function exists and the following relation
holds,

L [ ze+igmn 2 ( q)l(aj'Aj)l,n = [t (@i, Aji) In+1,p;
parz pravtir | P (05, B)1,m =+ [Ti(0ji, Bji) Im+1,q;
1 m+1,n
p(p Piqit1,Tir
[1+P]p q[z]p qP §2p+2
(a]'A )1n [T (a]l' ]1)]n+1 DPi
%0 Dlio, 0)(by, By), [y Bi)lmsrq, )

if T, 4 (b + B;s)is compared with I, ;(p);
= 1 (34)

m+1in
p(p+1) Piqi+1,Tr
[1+p]p q[z]p qP §2p+2

(a]'A )ln [‘E (a]l' ]1)]n+1 Di
< (P, q)| (p, 0)(b;, B) - [ti(by;, Bji)]m+1,qi>

ifT,4(1 — aj + a;s)is compared with T, ; (p).

Proof. In the proof of (34), we first express the (p, q)-analogue of X-function occurring on the
left hand side of the (34) in terms of Mellin-Barnes contour integral and apply 4L, then we
obtain (say A).

o @y, Ap1n - [Ti@ji Aji) Inrap;
A= [ n2ptigmn z: (p, ) e PEE. (—qn?E2)d, u
f Pi.di Tl (p q)l(b,, ))1m [Ti(bjiiji)]m+1.qi p'q( E) b4

oo 2P+l _
0 2my o L Apiaeior (Aj; By )Mz Ep g (—qu?E?)dp gudy, s

1 —
Zmpr Ap; gyeir (Aj; Bj; $)mz Sf WP TIE o (—qu?E?)dp gudp,gs.

By changing variable with »?&% and using (17), we arrive at

A= 1
o LICEED I
[1+plpql2lpqp 2 €°
1 [1;24 qu(b- + B;s) [j21 Tpq(1 — aj — Ajs)mz T}, 4 (p) 4 s
4 . p.q>
2mp LY []_[] 2 m+1 Ipg(1 — bji — Bjis) ]_[]len+1 Ip,q(@ji + Ajis)p q(S)pq(1 — s)smns]
Case 1: we consider T}, 4(b; + B;s) and compare it with T 4(p). Then, we get
A= 1 m+1,n ( (p q)l( ];A )ln [Ti(aji:Aji)]n+1,pi )
- p(p+1) Pi,qi+1,Ti;T ’ 0)(b;,B - [1;(bs;, Bi; A
[1 + p]p,q[z]p,qp 7 EZp+2 (p )( ] ])1,m [Tl( ji )1)]m+1,ql
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Case 2: we consider I}, (1 — aj + a;s) and compare it with T}, 4(p). Then, we get

A=

1 gmati < o )|(1 p'O)(ai'Ai)l.n"'[Ti(aji»Aji)]nH,pi)
[1+plpql2lpap” 2 B0 P (bj, Bj)1m - [Ti(bji, Bji)Im+1,q; '

By interpreting the Mellin—Barnes counter integral obtained in terms of the (p, q)-analogue of
X-function, we acquire the result (34). Therefore, the proof is completed. i

Theorem 6.2 Let z,p € C and Re(s) > 0. Further, let Aj, Bj, Aj;, Bjj € R, aj, bj,aj;,bji € C (i=
1,2,...,pi;j=1,2,..,qi), 7 >0 for i=1,2,..,r. The cond1t10ns as given in above for (p,q)-
Aleph function also holds. Then, the 4L, of the R-function exists and the following relation
holds,

L [seerinm z (p )|( i Ao - [Ti(@50 Aji) Int1,p;
2 P & (b]'Bj)l,m"'[Ti(bji'Bji)]m+1,qi
m+1,n
M Pi,gi+1,Tir
[1+plpql2lpqa 2 §2p+2

(a]'A)ln [T (ajl' ]1)]n+1p1
( $ D, 0)(by B, [n(b,-i.B,-i)]qui)’

_J if ypq(bj + B; s)ls compared with yp, 4 (p);

(35)

m,n+1
p+1) Np1+1 qi,Tj;T
[1+P]pq[ ]pqq z gzpt2

(a]'A )1n [Tl(a]I' ]1)]n+1 Pi
( (. q)I(P; 0)(b;, B; ) - [ti(by;, B]’i)]m+1,qi> ’

L ifypq(1 —aj +ays)is compared with yp, 4 (p).

Proof. In the proof of (35), we first express the (p, q)-analogue of X-function occurring on the
left hand side of the (35) in terms of Mellin—Barnes contour integral and apply  4L,, then we
obtain (say 0).

@, Ao - [Ti@5 A nsip;
0= w2ty z: (p, ) e P e (—pu2E)d, n
f p‘q”‘r( (P.q )l(b]: Bj)1,m ** [Ti(bji, Bji) Im+1,q; pa("PCE)dpg
0 20+l

=1y 2 o Ju Apiaieir (A By )z e g (—pr?*§?)dp gndp gs
1
= 2my i I v (A B )z ™s [7 w0+ ey o (—pr?8)dp gudp gs.
By changing variable with »?£? and using (18), we arrive at

1

0= p(p+1) 2042
[1+plpql2lpqa 2 &%

v 1 H]rrzll Yp,q(bj + Bjs) Hjn=1 Yp,q(1 —a5— AjS)T[Z_SYp,q(p)
AN T [H?zim+1 Vp,a(1 = bji — Bjis) l—11P=in+1 Vp,a(@ji + AjiS)Vp,q($)Ypq(l = S)Sinns]

dp,gs-

Case 1: we consider yp, 4(b; + B;s) and compare it with y,, 4(p). Then, we get
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0= 1 m+1,n (z- 0 q)l(aj'Aj)l,n < [Ti@@ji, Aj Ins1,p; )
[1+plpgl2lpad” 2 802 PRI 2 (R, 0) (by, B 1 m -+ [Ti(byi Bjidlm+ 1,0

Case 2: we consider yp, q(1 — aj + ajs) and compare it with yp, 4(p). Then, we get

. e | 2 (P
[1+p]pq[2]pqqp(pz+1)£zp+z pirtamr | % (P q)l(bi'Bi)l,m"'[Ti(bii'Bii)]mﬂ,qi

o 1 mn+1 ( (1-p0)(@,A) 1 [Ti(aji'Aji)]n+1,pi)

By interpreting the Mellin—Barnes counter integral obtained in terms of the (p, q)-analogue of
X-function, we acquire the result (35). Therefore, the proof is completed. i

Corollary 6.1 Let Re(€) > 0. Then, we have

(i) if we choose T; = 1 in (34), then we called this the (p, q)-analogue of Laplace-type
integral transform of I-function as follows:

@}, Ap1n - [@ji Aj) In+1p;

Ly (w1 e | Z (p, e . .

pa 2( pv‘*vf( ® Dty By - (35 Bl
1

m+1,n
p(p+1) piditLr
2

EZp+2

[1+ plpql2]pqP

X (Z' (p q)l(a"A]')l-n [(aji’Aji)]n+1,pi )
(0, 0) (b, B 1ym o [(Bi, BjidImt1,q; )
_ ) if Fp,q(b]- + Bjs) is comparedwith Fp’q(p);
1 m,n+1
p(p+1) pit+1,qi;r

[1+plpgl2lpgp 2 &2P*2
X (Z; (p, (l)l(1 = P.0)(@j, Ay [(aii'Aji)]nﬂ.Pi),
(bj, B))1,m =+ [(Dji, Bji)Im+1,q;
if T,q(1—aj + ajs) is comparedwith I, 4 (p).

(i1) If we choose 1; = 1,r = 1,p; = P, and q; = Q in (34), then we called this the (p, q)-
analogue of Laplace-type integral transform of H-function as follows:

(a"A')lP
L K2p+1Hm’n z (p, | il
p.q*-2 ( P,Q ( (p q)l(bj, Bj)l,Q

! (@, Ap1p
Hm“’“(l'(p Dl o

ECHD oy P T (0, 0) (0B )
[1+p]p,q[2]p,qp 2 g2tz 17 2i71,Q
J if T, q(bj + B;s) is comparedwith I, 4 (p);

1 (1 - p! 0)(a'!A')1,P
p(p+1) Hg‘l-iﬂ:*—Ql <Z; (p, Q)|(b B) " )
[1+plpql2lpqp 2 §20*2 rhae

if Fp_q(l —a;+ ais) is comparedwith I, ; (p).

(iii) If we choose t; = 1,r = 1,p; = P,q; = Q, and A; = B; = 1 in (34), then we called this the
(p, q)-analogue of Laplace-type integral transform of G-function as follows:
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2p+1cmn [ (ag,az, ...,ap))
pquZ (K GP,Q (Z, (p! q) | (b1’ b2! . bQ)
( 1 gm+in ( (a1, az, ..., ap)

) ra+1 (% Dl 0y(by, by, .., b ))'
[1+plpq[2lpqp 2 E20*2 @

_ ) if l"p,q(bi + Bjs) is comparedwith I}, 4 (p);
1 e (1 - p,0)(as, a5, ....ap)>

p(p+1) P+1,Q \ % (. @)l b{,b,, ...,b
[1+4plpq[2lpqp 2 E20*2 (orb2r-rbo)

if T,q(1 —aj+ ajs) is comparedwith I,  (p).

plp+1) plp+1)

The 4L, is similar to the (i), (i) and (iii), but only changes the p 2~ to q 2

Conclusion

In this work, we introduced the properties of the (p,q)-analogues of Laplace-type integral
transform of the L, and 4L, which consisted of the (p,q)-special functions, (p,q)-
trigonometric types, (p,q)-differential operator, and (p,q)-convolution theorem. Also, we
introduced (p, q)-Aleph function and obtained some interesting results by applying , (L, and
pqliz. In the future study, we see the potential to unlock a novel way to solve some (p,q)
differential equations with all of the results derived through this research.
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