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Wenlosegadnefl m 1du uaz n 90 wan17Idonudn andenfueidMmbunsmiimesiving
NNATUUAAIAYDINTINBE19918 G (m, 1) wazns G eules CGm,n) M5 m Wy waz n 30 Siolw
s = min{sa(G)|G € G(m,n)} uaz t = max{sa(G)|G € G(m,n)} wad dmTunn 9 1 r Fas<r<t
938059 G € G(m,n) HiiA1 sa(G) = r WieRarsauunatavens i aulesdisl m du waz n 0
alaan 611 s’ = min{sa(6)|CG € G(m,n)} wag t' = max{sa(G)|G € CG(m,n)} a1 azins v

G' € CG(m,n) Nilf sa(G) =r' dwmdunn q e r laenl s’ <7’ <t
ANEARY: NENT N 01FUBSER an1TNTURITR N nN1IUTINGAN

Abstract

The purpose of this research is to prove that the star arboricity is an interpolation graph
parameter on the class of simple and connected graphs with m edges and n vertices. The result of
this research shows that the star arboricity is an interpolation graph parameter on the class of
simple and connected graphs with m edges and n vertices denoted by G(m,n) and CG(m, n),
respectively. As a result, for s = min{sa(G)|G € G(m,n)} and t = max{sa(G)|G € G(m,n)},
there exists a graph G € G(m,n) with sa(G) =r for all s<r <t. In the same way, for
s' = min{sa(G)|G € CG(m,n)} and t' = max{sa(G)|G € CG(m,n)}, there exists a graph G' €

CG(m,n) with sa(G") =r'foralls' <r' <t

|
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1. umin

N N13U319A1003N15181085 18390519 (Interpolation theory of graph parameters) ﬁgulﬁ’fgﬂ
viausndausalud 1980 Tny andnsud (1] Buanmsinudamiing it “6 ¢ Huns it nsiduls
wihues G Sunilall m 3 (Leaf) uaznswiduliiusivinves G 3nduil n d Taofl m < n udn agingwiduls
WHTwes G 7l k 3l nefi m < k < nudell” Jgmdingn 915neus a1unsemAneuLasuaninis
figeiflein annsavnamiulsiuives 6 75 k Al wazlsinauenasuideluauussgivins The
Theory and Application of Graphs: Fourth International Conference Tud 1980 a1nn15UNL@UONAITU
nsfigardinameesinsudldihlugmsdnunguimsusngavesnadinesvaansmdn wenaini &
fimsfnwivunana (Class) veansmifiuandrsiudnnatsnana o1ty aanavesnsmidenles (Class of
connected graphs) kagmaaawainsnund (Regular graph) Wusu [2-7]

Hammguinmsunngavemnafimesvesnsm fensRarsandwelud dwnnmsdimesuesng
dufidegsevinediuauin m uer n i sdinriidamsfvesfindniidewity k yn q a1 k fleg
5¥39 m uay n vidoll drfidmsunnen k aznanindu nswimsdiwesiuiingynan (An interpolation
graph parameter) nsmimimefiiuasidunniwesfiaenadostunguinsusingauunaiares
N Rasan Wewwnngquinisusingaivesnsiniy fdauddgiisasunisiuduldainsnii
Aniwoslureuiaiimlddu fnsmegaislunn 4 ar anelureuiwmesdm fwosdu Tud 2011
msfnesensuestivesiulifnuasianinsfigniudrin enfusiaiiumnaineivesnsmiiaenados
Aungen1susINgAIULAAIaUBINTINBE141Y (Class of simple graphs) wavnsidenleseeadne (Class
of simple connected graphs) 713 m Wy wag n 90 (8] Wunsmsimesfiaenndosiunguinisuing
AUUAAATBINTHUNATIE n 9a uagAng = (9] wonanil Tadessddedraudsldvinnisuansiaveuian
199A1915UD3%R vuravesnTMlagsie niideuTevernadne wagnsmunfuiy nsideluadedl
Aidednnuaulavz@nuingufnsusingaivesansensuesdiivesnsiv lneazfigainansonsues 3adu
nsmmfwesiuIngnae tude Iumiwmedvesnsniidenndosiunguinisuingaruunaiaves
namlagnadisuaznividenlesegieiedil m iy uar n 9n Isewiddeluadadarldnsruiunisiigainig
adlnenansUszneuiunquinmsunngavesiwesveans Junadalunisigatazairsnsiisiye

<, A A a N yoA s 1 A & av v o
LUUﬂi']WV]a%SLUQ’]a']aWW'i]’]im'ﬂﬂEJf\lﬂaENﬁ!ﬂ'ﬂgllLﬁuvﬁallﬂ@@LllaaaQQQUULUUﬂT}WW‘lﬂﬁnﬂfﬂiai']ﬂlnﬁnﬂ

annsnile nasntuvglivguimsusngAvemiivesveinsmiinyieiigauuunsnnasadu

2. YBULWAUIRY
N193981309M9ufN15UIINYAITRY @A138135UB3TAVDINTIN VOULIANIIA LT aNIUTENBUAIY UN
T3 WNAA WAV BfNeiu 01500336 dn5015UB3ER wagngun1sUIINGAIYBINIIITNesT8INT I

TngfinsaunwiAnnsIdeuanslanegusaludl
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| o e NNAUAAERNS v o = : L
AVDINITNLADIVRINT N #9AARDINUNE W NITUIINGAUUABIAYDINTINDY1I9Y
- add v o s ana ; ; Y
- HUIAALASNOBVINGITBINTUBUD YA waznsMouletee el M iU uar N 9n

LazaRIsoISUBSTR

UM 1 nsauuiAnlunisIdy

3. nquiiieados
yquiifiiedesiieaBonded
3.1 unflenuuaznguiiunitugu
mAfeadui v lidydnvaluazuniewuiiuguvemguinsnumisde Graph Theory a4

Bondy and Murty (1976) [10]

uniena 3.1.1 n519 (Graph) G Uszneusewasnia V(6) fildidumning wavwnves E(6) daduanves
gjﬁlmﬁuﬁuﬁu (Unordered pair) 203au13nlu V(6) Ineflwnves E(6)onmaniduaninafily aundnves
V(G) 138011 9a (Vertex) @118nved E(G) 138031 WU (Edge) 61 [V(G)| = n udns il G Junsniid
Sud (Orden) n YuRons il G ﬁfqm‘f]u'«i’m’au nqn o1 |E(G)| = m uginsl G Wunsmfidioun (Size)
m tufonsm G Didududiuou mdu dmndulunssl 6 Wesles 2 eitdnaiuaziBonnsl G 41 nsw
9813478 (Simple graph) & u uaz v Wugavesns il Uszneuiduduvesnsmazidouunldse {u, v} e

AU AN TUATRAI TN AUTIULNUEY {u, v} e up

unileny 3.1.2 Ains (Degree) ¥993A v NS G Weuwnume deggv Ao INUIUEUIMUATIUNLBNRE
ugn v 9afiAnsidu 0 azi5unn gaenmea (solated vertex) afifiansilu 115831 9aUane (End
g9aa (Maximum degree) ¥833atuns19 G 9z guunung A(G) An3aan (Minimum

q

degree) va3aluns ¥ G L TeuULUAIEY 5(G)

unileny 3.1.3 Wige u waz v 10u 2 9alunsv G laglddndusemnnsnaiu wuaiu u — v As dwuves
ganaztdulneiuuniu u —v:u = Uy, ey, Uy, €1, Uy, €5 - Uk 1, € 1, U = v 0e7l e LU

4N G dmsunn 9 0 <i < k

'
a

wunAuidygasudunazgedugadugaieatunazyanislusuaiulidendu azi3ann 23 1392993
(Cycle) uavhuauniynuanligiiuazisonin 30 (Path)
n3egredreninn q 2 3ala 9 lunsduwniudeuledisiuaziionit nsvleules (Connected

graph)
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nsmi¥enleanliliines axi3undt nsmldulyd (Tree) nymlduldnfiiiesgadenifidniuinnds 1 laed
yeimdefiin3ilu 1 9238091 n91WA17 (Star) nsmiAinn 9 dwdszneudunsduldaziianin nsw
(Forest)

undlenu 3.1.4 wsdfiwesuesnsm (Graph parameter) Ao fenduiidlamudunsv wagfiisudidusiiuau
W teensmfandugiuiuasinmsilinesiviniu

o

Tree Star Forest

gﬂ‘ﬁ 2 nyldiulel (Tree) N3 A3 (Star) uagns1viv (Forest)

[
a Y]

unilena 3.1.5 915U83BRVeINTIM (Arboricity of graphs) Ais SulugaveLduitoeNgangnuUIulagus

aztontiuduns iUl Weuwnusy a(G)
doynsed [A] asunudunuiuiidesigafisnnnniwiiu A was|A] Snnuhsiinnfigeidesniwindu A

nauiun 3.1.6 [11] dwsuyn 9 A5l G A wauga n > 1 azld

a(G) = max[q,/(n — 1)]
We g, = max{|E(H)| | H Junswldesves G 71 |V(G)| =n

aaa

uniley 3.1.7 an1se15uaidiiveansw (Star arboricity of graphs) fie J1uuwRvBRdUNTENAATIgNLU

LY

Aulnsusaziontunsindnildnuseneudunsivann W@euwnume sa(G)

[
[

unilenw 3.1.8 Auily3e15UesTR (Linear arboricity) fie S1uiuavedduiivesiigniignuusnulagusaziyn
dudunsminffidudsenaudunsia Wewwnume la(G)

3.2 NENM5UTINGAIYRINI TN TVRINTIN

unileny 3.2.1 1 G Juraraweansmiidivue azSenileddy T : G » G 1 msudasnsmuuaand G (A
graph transformation on G ) #ieuns W T — graph Lﬂuﬂﬁﬂ/\lﬁﬁmm%mmﬂu G wardmiu G1,G, € G
azilidudennsewle (G, G,) € T o1 T Juilanduausnnsudl T — graph {Wunswladfifienis

unfiey 3.2.2 dvsudiunudiuuin m uaz nlaeii m < n W G(m,n) waz CG(m, n) Winpa1EwaINI W
athsduaznsiTeulesdia m @ n 0 udnu 1 G € G(m,n) nefl e € E(G) waw € ¢ E(G) udn
6T yyunswiid V(67e€)) = v(6) uay E(GT()) = E(G) — e + ¢’ Tavil T(e,e’) aFunin
nsuUasns ULt a Jumping Transformation)
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Temny uAMNEURUSUY G (m,n) 23Tl (G, G,) € Tanny 61 Gy # G, wae Gy Wu1an G, Mg
MIUUBINTINMUUTIY W18 Ty Wuilsiduaumnes fau T, — graph Wunsmilififiens way
CTammy — graph \Junsmgesves Top, ) — graph Fadunsiinedilndiewn CG(m,n)

NquRUN 3.2.3 [711% Gy, G, € G(m,n) w&1 98l G, = G, wie G, = G, (ver)T(ewes)-T(ewer))

dl o U o L o U o d! n
87 T(eqy, e1)T(ey, 5" ... T(ex—1, ex_1)T (ex, ;) \Tudrauinia dwsudiuiudu k¥ 1 <k < (2)

UNUNIN 3.2.8 [7) Ty — graph Wunsvlidesiles

nauiun 3.2.5 [71 1% Gy, G, € CG(m,n) ud aldl G, = G, W30 Gy = G,TCver)T(Cex)-Tlerer) 1y
7 T(ey, e )T (e e) . T(er1,er1)T(er, e LHuseustn dmsusmoubu k §31 <k < (121)

UNUNIN 3.2.6 [7] CTmny — graph \unsmiTonles

unileny 3.2.7 fwuali G 1 Juaaawesns egnaie wasilendu 6: G - Z 61 60(Gy) = 0(G,) dwsu
NN 9 Gy, Gy € G(M,n) B9 Gy % G, e 0 138031 NTMN1E0e3 (A graph parameter)
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wiwosuda 0 WunswimsfiwesAusingnnaiuu €6 (m,n) & |0(67(¢¢)) = 0(6)| < 1 dwm3u
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Gy % G, T4 G, uag G, wdidudeufdodle 6, 1du1an 6, Mensuvainswuudiy uagiueli
CT () — graph \Dunsmlgeses T,y — graph finefudndeien CG(m, n) lnsununsn 3.2.6
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Abstract

This research aims to calculate the equation of spring collapse distance as a function of
time. In a system of objects, mass m, moves with an external force f sin(a)ft) against the end
of a spring attached to mass m, . In this research, Newton's second law of motion is used to write
the equations of motion of this system. We use the mathematics of nonhomogeneous second-order
differential equations to calculate the equation of displacement of the spring as a function of time
and to calculate the equation of displacement between mass m, and mass m, when the two
objects collide at the intermediate spring. The result of the calculation of the spring compression

distance will have a decrease in the number of ripples when the spring constant increases.
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a b
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m, | VWWWWWWWVN\— m,
0 X 0!: :!
| ( |
| | |
1a ! bl
fosin(e;1))
" m, MV~ m
—— "y b
[ N N
0 — — >
I X, X, —X, [
I R
I X, I

JUN 1 wansnisiedeuiivesinguia m, wdeuidnyuiuita m, Minause Feldfanavesusudoaniu

aUSefieeanusandning m, seruinvedussfudy k(£ -x, +x,) LLasfosin(a)f.t) aUTaNonUIINANNIA

m, feruavesusafud k(£ —x, +x, ) uaz £, sin (@, ¢)[11,13]

— —

A ap
- “ 3 —
fosin((ofr) k(t—x,+x,) k({-x,+x,) fosin((oft)
< m, |« — My

SUN 2 UananIsuanusaneuen fulsspumvesalsainseyiveingua m, way m,

1N3UT 1 WarsannIsiadeuiivesuia m,lagldngnisindsuivesiaduteniass X F =m, a [6-7)

auN1INSIAFeUTveIngIIa m, Ml

dzxa (t)

~fosin(wt)=k(t=x, (1) +x, (1) = m, dr’

(1)

f91901n15tedounveuda m, lngldngnisiedounivesidisudefiaes L F = m, d [8-10] @un15013

Wwaeuvesinguia my, [3-4] ¢iail

d’x, (1)

fosin(a)ft)+k(€—xb (t)+x,(t)) = m, P

Uninguaa m, aasaunisi (1) agle
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2
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w

" _
W

u, (1) = %Ig%in(a)ft)cos(a)t) dt

. {w«wwm) o)

20 (0, +o) (0, -o)

ﬂl
n
de
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i) () = u, (1), () +u (¢) K5, (1)
,Bcos(a)t)[Sin((w/ + a))t) ~ sin((a)f - w)t)}

K (t) B 2w

(0, +0) (0, -o)
psin(ot) (l—cos((a)f+a))t)) (l—cos((a)f—a))t))
iz [ (0 r0) (o] .
K, (1) =5 (1)+x (1)
ﬁcos(wt) sin((a)f+a))t) sin((cof—a))t)
Kk, (1) = Acos(wt+¢)+ T { (wf+a)) — (wf—a))
+ﬂsin(cot) (l—cos((a)f +co)t))_(1—cos((a)f —co)t)) 8
20 | (o,00) (o o)
aunsil (18) Fundy szegeguinvesaUtaiiduiladduvesnan
(1), (1) = £~ Acos(wr +9) - ﬂczsﬁf}wﬂ[sin ((f: +a)))f) ] ((E::)})t)}
(19)

2w

_ﬂsin(wt)[(l—cos W, + 0 t) (1 cos a)f—a))t))J

() +) (@, —o)

aun1sil (19) Bendt Mansednsewinewna m, waz m, aeuningaesouruiufiaUsitunals 91naunisn

(19) diteuluveuin fie 1= 0suaz x,(0)=/ uaz x, (0) = Ounuasluaunsi (19) aele

E_O_E_A_{%(o)—{ﬂ 2(2){(wi+lw)_(wlflw)nj

t=10-4 (20)

¢ spegviesevinena m, fu my, Wasuudamumweunagausuvesnsaulunaaeily g (1)

4. P15AIUNISIFY

9n3U7 1 Aarsanmsideufivesia m lasldngnisied oufivesdadudefiaos L F =m, d
[14-16] aunsMaAdeufivesinguia m, fwaunisi (1) wag innsamsiedeuiivesuda m, lngldngnis
waoufivesiifudefiaes X F = m, a aunisnmsindeuiivesinguia m, deeun1si (2) vnseunm
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YA v A

sruen g uitvesaldagliisn1slymvesaunisieyiussudui 2 wuulienius wagldimalianis
duiinsn azlaseuenyuiivedaU3e Al

K, (t) :Acos(wt+¢)+ﬂ005(a)t) Sin((a)f+a))t)_sin((a)f_w)t)

2w (a)f +a)) (a)f —CO)
N ﬁsin(wt) (1 - COS((C‘)/' + a))t)) B (I_COS((wf —a))t))
20 (o0 +) C)

Waun1sszezneguimvesaUsiiduilsidureananluvinis@eunsn wansmnuduiusssninedwusnny
K, (1) Auduuseu Wy A1Asauss & Uazaia m, uay m, LaglIguanisue f,
NINTEINTEMINAIG M, Uag m,

x, (1)~ x,(t) = £ — Acos(wt +9)~ p cos(wr) m((wf )_Sin((a’f_a’)t)

20 (0 +o) (0~

_ﬁsin(a)t) (l—cos w, +o t)) (1 cos f—a))t)
2 (a)f +a)) (wf —a))

~ =

draun1snsnsyinsynataaa m, wag m, Miduiliiduresialuvnisdeunsn wansanuduius

senINdmIlInu x, (7)— x, (¢) Auduuseu Wy AeaU3e & uazuda m uay 7, uazuIINIEUDN

Sudu £, Tunuddetihaunisi (18) MBuniiszesnnsguivesal3siiiduileiduvean wazaunisi (19)

1%
a o

M38n71 N19NIEINTeENINWIa m, waz m, neuilingasiiouruiuiiausaunallouanudunus
JEnINeiLUIay Aududsnnn waginusmuaulunsduresseuunds m, wag m, fIn13199 1

nA151971 1 Tunsdif fudsiuferaaUss & =10, Judunsldndes &, =12N/m, Juduns
Alen k=14 N/m Dudunsmidzsay deamauiainduilddulsmude ssosmmaguivosauss
x, (£) Svuaasuulasmunsiiiaonadosg Uil 4(a) Aexndiuusdudeduia m, =0.065kg 1Ju
Funsdmdes wa m, =0.068kg 1uiduns wdides wia m, =0.071kg ludunsindsuy d1A1uoa
m, Sadintu vlvisudsn fe sssemeguitvesadss «, () fvmawasuutasunswiiaenndos
g'ﬂﬁl 3(a) AeunfanUsAUARAIa m, = 0.065kg Wudunsdindes wia m, =0.068kg 1Huduns g
den 7@ m, =0.071kg \Huduns v d1dwna m, Souadfindu hlifuuseu fo sseenisgui
vosauis k, (1) fvumdsundamunsiiaenndesgud 3(b) Aesnduusiudariusinisusnisudiy
£y =2 N Budunswdmdes Ausameuenidudiu f, =3N Wudunim@iden woazausnsuenEudy
fo =4N Judunsmidvam draussmeuenFuduiiad uitliiauusmu fe sseeniaguiaveaUss
K, (1) fvunadsuulasmunsmilaenadessuil ab) TunAdeildmmuamudsiufiomasaUss & =10,
Fudunsnldsn &, = 12N/m, Judunswidih &, =14 N/m Sudunsnlduns §rannsadsaisdurils
fwlsnufe N1INTEARTENINANG X, () — x, (1) ﬁmmmLﬂﬁlauLL‘Uaqmmimﬁaa@ﬂé’mgﬂﬁ 7(a)
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A19197 1 MITIUAAIANFURUTIENIEUTAU AIuUsAN wazdauUsmuAuvesaun1si (18) waz (19)

FauwUsny fauUsAuAY faulsau
A4=05,m,=0.065kg, f,=1N., Amsals k =10,
O=0rad m, =0.0645kg f=0.01Hz ky,=12N/m,
ky=14 N/m -
A=05,k=15N/m, fy=IN.,6=0rad w18 m,=0.065kg
. my, =0.0645kg f=0.01Hz m, =0.068kg
TLYYNNYUFIVD
w3 (t) m, =0.071kg -
A=05,k=15N/m, fy=IN.,6=0rad w1 m, =0.065kg
m,=0.0645kg f=0.01Hz m, =0.068kg
my, =0.071kg -
A=05,m,=0065kg, k=15N/m,  usaduéu f,=2N
0=0rad m, =0.0645kg £ =0.01Hz  f,=3N
Jo=4N -_——
AuUIAY AuusAuAY fauusau
A=0.5,m,=0.065kg, f,=1N., APSAUTY £ =10 e
¢ =0rad m, =0.0645kg f=001Hz  k =12N/m
0=0.5m. k3=14N/m =

A=05,k=15N/m, fy,=1IN.,0=0rad w38 m,=0.065k em—
my, =0.0645kg f=0.01Hz {=0.5m.  m,=0.068kg

N1NTEAINTENINNAID m, =0.071kg -
x, ()= x,(t) A=05,k=15N/m, fy=1IN.,0=0rad 338 m, =0.065kg eom—
m, =0.0645kg f=0.01Hz /=0.5m.  m, =0.068kg
my, =0.071kg =
A=0.5,m,=0.065kg, k=15N/m, usasudy fo=2N e
¢ =0rad m, =0.0645kg f=0.01Hz fo=3N
l=05m. Jo=4N o

AoufnUsAufeAmIa m, =0.065kg Oudunsmda wia m, = 0.068kg \Judunsiadni waa
m, =0.071kg \Judunsnl@uns drenuna m, Svuafudu vlidudsey fe nsnsedaseninana
x, ()= x, () ﬁsummLﬂé"ammaqmmmﬂ/\lﬁaamﬂé’aagﬂﬁ 6(a) sosmuUsAuAoAIwIa m, =0.065kg 1TJu
WunsmEan waa m, =0.068kg Luduns @i waa my, =0.071kg W Judunsiwduns dramaa m, il
afiutulFFUIY Ao Msnsydnsewinea x, ()= x,(t) flouaasunlasmunsfidenndes
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JUT 6(b) AauuUssufeausineuenizuiu £ =2 N ludunswden dussneueniudu f =3N

& v a ! a v I3 9 a Pl A v a X o9 ve
Judunsndih wazaussneusntusiu f =4 N 1Judunsinduns 61A 1159018 uanisuauLiuauyinlig-
wUseu fie Msnsedaseninania x, (1) — x, () Tvuawfsuwdasmunsmiaennnesgui 7(b)

5. NAN1539Y

1%
av A

Tueuadeilavihnisuanansmlvesaunisszeznisguivesausaiiduilinduvasnaniusswinedouds

D

ik, (1) AUAILUSAY LU AAsaU3e & uagiia m, uay m, Warusan1euenisuy £, dagun 3 uaggud

4 MoN1ENN1INNTNITINTENIeNIa m, uag m, Miduiledduresianluinisifeunsin wang

[

AudmuSsEIdUIIn X, (1)— x, (1) fufuusiu Wy AesaUse & uaziia m,uay m, Laglss

ABUBNTUAY f, 1UA15199 1 wanansmlaRagui 5 waggui 6

U
my=0.065 k
0.4} ﬂ A ﬂ b &

1 m,=0.068 kg

N
S

ﬂ m,=0.065 kg

e
)

m, = 0.068 kg

m,=0.071 kg

m,=0.071 kg

L [V

0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
Time (s) Time (s)

(@ (b)

JUN 3 nemuanssvezneguivesalssiunat (a) lunsdifivuinves m, > m, wna m, 1Waguuuasan

:
S
9

Displacement (m) <, (t)
& e
s =l
Displacement (m) «, (t)
=]
>

e
=

0.065 — 0.071 kg (b) Tunsdifivuinves m, < m, 1@ m, .WasuLUasain 0.065 — 0.071 kg

mﬂgﬂﬁ 3(a) LLamﬂ's'mlizsm/mqué’hmaqaﬁqﬁLﬁuﬁaﬁﬁffuﬁumnmLﬁaﬁummaama m, Wavuuas
911 0.065 kg TULTu 0.071 ke @ 9vunvesna M, WU 0.0645 kg LAUNIINANEDY Ap NIINTZHENIY
guivasaUTeiluilsddurena «, (1) dlevwiavesna m 1y 0.065 kg deadunsmdde fio nsm
ssernsguivesaUseiliduileituvesan «, (¢) Wevuewesna m, 1y 0.068 kg soundunsividvusy
fio nsmiszagmeguitvesayiilduilsiduvaanan «, (1) Wevwevesna m,1fu 0.071kg frauadn
vosna m, dAniutwhlfinevesnuemeduresnisdulufud sssssmnaguinvesauieiifuilaidu
voanan x, (1) 1ndu wagArvesszozmaguRvesaUss &, (1) Yaain 0.0 nMsduduan dawiiy
0.5 m Svuaifunsdudiau AeAiniu 0.5m ilewna m, indouiidisaninss Wivuuaeaussian
fumaa m, agvilvina m, indeufidioananss mﬂ'gﬂﬁ 3(b) LLamm’rvxI'sszzwmquéffmaqaﬂ'%qﬁlﬂuﬁaﬁﬁﬁu
yo4ia L 0vuIAveINIa M, LUA suLUaIaIn 0.065 kg TULT U 0.071 kg T9vurnvoauia m, Lvinfy
0.0645 kg tunsMEWERs Ae nsmiszazynaguinvesaUsiiuilvidureana «, (1) dlowwavewuna
m, \Bu 0.065 kg AerdunsmAden Ao nanszegneguitvesaTsiiduilsitureanan «, (1) dlerunn
vowna m, \u 0.068 kg ionndunsimidvuy Ao nsmiszrnsguinvesauseiduileituresnan «, (¢)

Wievunvewna m, 1y 0.071kg drvuindrvesia m, daniuduviliisa1vesauenadureinisdy
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Tuduusszegmnsguiivesausefiiluilenduveanan «, (1) 117U wazA1ve3vEEN1IgUAIYBIAUSS

K, (1) m3duauin e 0.5m Saawiawiiunisdudiau feAviniu 0.5m

k,=10.0 N/m ' ' ' ' ' M7=
< 04 1 = 04 fy=2.0N.
~ -
< < 02
= 0.2 kr=120Nm = © fy=30N.
= 0.0 - 00
7] =
= k;=140N/m Z -0.2 fo=4.0N.
3 -0.2 ‘ 3 £
g | — 8 04 —
= “ =
i) -0.4 .2- 0.6
”, L \ . . . a . . . . .

0.0 0.5 1.0 1.5 2.0 .0 0.5 1.0 1.5 2.0 2.5

Time (s) Time (s)

(@) (b)
JUN 4 nsmluanssvegnguivesalisiune (a) AAsivesadss k wWaeu 10 514 N/m (b) Arasii

VOIWINBUBNBNAY [, WEBY 2 >4 N

911n3U7 4(a) uananswiszezmsguivesaUTelfuilsituvesailovevesdiasivesauis &
WasuuwUasan 10.0N/m Ty 140 N/midunsmidvdes Ae nswlszogmsguivesauieiiduileidu
voma «, (1) Wednsivasause &, Wy 100N/m deundunswi@iZen fio nsmiszazmagusivesayse
fduilsdduvasnan «, (1) Wevuevesimsiivasauss &, Wy 120N/m seunduns vy Ao nsvl
svezmsguinvesaUieiiduilsiduvesia «, (1) Wovunvesanasiivesauss k, 1u 140N/m &
AnsfivesaUsaiutudmalisyssmaguimesadTasswinetaguaa m,uazana m, fdnwuznisduanas
Humsearasiiauiadannniuiliauiuds iianisduvessruvanas 203Ul alb) uansnamszeenis
guivesaUdsiiduilsidureanandenasiiveaussmeousniFudiu f, wWasuuvamin 20N Tdu 4N
Wunsildmdes Ae nsmiszarnsguivesauieiiduiladdumesnan «, (¢) derinsiivesusiniouen
Budu f, 1y 20N seudunsmididen fe nsmiszazmegusihvesauiiduilviduvesian «, (¢) e
AasiveaussmeuenEudu f, 1y 3.0 N deundunsmduuy fe nsmszgmeguiwesaueiiduilaidy
voanan &, () WeAnsivewusieuenudy £, Wu 40N dAiasfivesusaneuendusy f,fvun
dutuvhliszesmeguitvesaUs &, (¢) A3dnsduliiausnsuiniu seu qa 0.0 Arszezmaguiives
a3 x, (1) dmduuiniien 0.5mafosndn Asvegnmeguinvesadis «, (¢) duuduaviiin 0.7m uas
weundgauasnisduiifianduuinidenanintudueunignanas asnsdiuiuuounagavesnisduiifan
Huauidlonanfintuduoundgafiudu

N3V 5(a) rAnmsivesaUiafiutunndunsmamded k = 2N/m wWasududunsndumd
k = 6N/m vilszozmaguivesauiaiduilsdduesian &, (1) innisdunuuliauunsseugn 0.0
1T umTzAAsivesaUs uiind uwirldausdiauudafindu & aaud £ =0.01Hz Ineflvuinveuss
meueniFudy £, = IN. nsidudindesisesunnasauennaga unaanAiasivesauTiifiddeevinli

szervaiilaysravdnmiluinifveinisdu WemasivesaUsadvunaiintusesuanasaounagamely in

AULENYTYDINITHU
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< 04 ky=20Nm Lof k,=2.0 N/m
< 0.2} 3
E 0.0} ky=s0nm = ‘ 1 ‘ \ l = 4.0 N/m
Py = 2 MR ll “lmw A 11
§-0.4- ky=6.0 N/m % [“'M WH ””‘ W 1“‘} |\WH‘”” , ’”\ k= 6.0 N/m
= 0.6 — g -0.5F| I —
a _(;'i . . . . . 2 10}

0.0 0.5 1.0 15 . 0 5 10 15 20

Time (s) Time (s)

(@) (b)
JUT 5 namlszegnsguiivesaUsaiiluiliiduvesian k, (¢) (a) masivesadss & Wieu
2.0 6.0 N/mlugisian 0.0 3wl 3 2.0 3wl ledia1aud £ =0.01Hz (b) Arsiivesalss k ideu

2.0 6.0 N/mlugi93a1 0.0 3u¥i 83 20.0 U9 leedamnud £ =0.1Hz

91n3U7 5 (b) Auusaruay Ao vwinvesAtuda m 1y 0.065kg YuIAUBIAINIE My Lvinfy
0.0645 kg TUIATOIAIAIUD = 0.1 Hz WaZUUINVBILIINIBUDNETUAU £, = L N.fuUsdumD a1A1R9f
yosaUSuiindunndunsmdmded k = 2N/m Waswludunswdvund k = 6 N/m iliszaennsgudn
vovaUTeiduileiduvesian «, (1) innsdunuuliiauuinsseuan 0.0 Wenawindu dunszawn
. v v a4 a & | 9 v o a o & ¢ o

VYOI IINIEUDN fosm(a)ft) N o, =27f Mdenudiiudulzddiszesnsyuitvesauiailuileidu
a Y ' a A o N o g v & Y ™~

a8 &, (¢) innsdunuuliianinns 9ngURt 50) Wevihnisiiunavgyihlinussuunsduvesayss

ENINNUIBTIADIDLN9TR LAY

31 of ' m / i ' [ m,=0.065kg 310 n  m,=0.065 kg
. —_— ; —_—
o8 1 Zos8
_ m,=0.068kg & my,=0.068 kg
E s 1 — E o4 |

:

g 04 1 m,=0.071kg g 04 1 m,=0.071kg
L — % —
202 ] 202 ]

z Z
& 0.0 . . . . 3 & 0.0 . . . . R
0.0 0.5 1.0 1.5 2.0 25 0.0 0.5 1.0 15 2.0 25
Time (s) Time (s)

(@) (b)

JUN 6 n3vinisnsEdnsevinanam, way m, Mduilsiduvesian (x, —x

U a

) (a) lunsdlivunnves
m, > m, 1y m, \Waguuuadain 0.065 — 0.071kg (b) lunsdifivunnves m, <m,uia m, Waguula

910 0.065 — 0.071 kg

mﬂgﬂﬁl 6(a) WARINTINNNINTEIRTEMINaIa m, wae m, Aduilsdduvesaniievuinvesiia m,
WasuwUaan 0.065kg LWy 0.071 kg Fevurnvosuia m, \WNAU 0.0645kg LEUNTINEAT AD N3IWNT
nsednsendnauaa m,uaz m i\ uilsidureiar (x, —x, ) dlevurnvesuna m iU 0.065kg fioun
HunswaEdh fe nsminisnsedasewinanna m, was m, Aiduiladduvesnan (x, —x,) Wewwevesuia

m 13U 0.068kg AondunTMEUAT Ao NsINAITATEIRTENINLIA m, wag m, Alduilsnduresian
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(x,-x,) dowwavewna m,1Ju 0.071kg Hvuinvesding m, flendutuinliAnsvesnnue ey
yasmsdvlufuusnisnsednsewinana m, wae m, fiduilsdduveanan «, (¢) 1NTU LazA118INTI
nsednsewinana m, uag m, Mduileitu (x, —x,) 921 0.0 nsdusuaniviidu fSeinfu 1Lom 91
U 6(b) uanensminnsnsdasewinana m, ey m, Aduiladduvesnanievuinvesna m, Wasuulas
991 0.065kg LULU 0.071 kg F9vuIAv09NIR M INRU 0.0645kg LEUNTINAR Ap nsrnisnseda
syviraana m, uay m, Muilsdduvesan (x, —x,) Wovwevewna m, Dy 0.065 kg sionndunsma
#n Ao nminisnsgdaseninauna m, wae m, Mduilsdtuvesaa (x,—x,) dovuravosna m,1du
0.068 kg FioxEUNTNELAS Fio n1IAINSEdRsEMIreIa m, uay m, Mduilsiduveanan (x, —x,) wle

a
¥

yuavewna m, 1y 0.071kg vueavesna m, daniuduwiiliisaveseiueniaduyeanisduluda
wusnannsnsgdaseninena m, uag m, Mduilsiduveanan (x, —x,) 1Ty uazA1v04N13n3290

sevianam, way m, Miuileidu (x, —x,) 39210 0.0 MsduAwINEY SAwiiu 1.0m

_r P 312

= 1o ] k,=10.0 N/m x‘ fo=2.0N.

é‘ o | £10 -_—

—_~ k,= =

é o 2=12.0 N/'m é 0.8 f0= 3.0N.

o £ 06 T

S 1 k,=140N/m &

g 04 3 ™ E o4 fy=40N.
< —

% 0.2 = 0.2

- g

a 0.0 . . . : . A 0.0 ) . e .

.0 0.5 L0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5
Time (s) Time (s)

(@) (b)
JUN 7 nsvinisnsednseninanam, wagm, Mduilsdduvednan (x, —x,) (a) Amsfivesauss &

Wagu 1014 N/m (b) erasiveaussneusnizusiu fwasu 2 >4 N

13U 7(a) uansnsminsnsedastrinena m, was m, Mfuileiduresnan (x, —x,) Wevueves
Apafivesauss & wWasuuwuasn 100N/m Tudu 140 N/m Eunswldd fe nsminmsnsednsemrinena
m, waz m, Adudleidureanan (x, —x,) Wednsiivesause & Wy 100N/m dexdunsividin fe
nswlmsnszdnseinanam, was m, Iiduilsiduresia (x, —x,) Wevuavesrasiveswatss k, 1u
120N/m soundunswidung Ao nsmniansedasevinanam, uagm, Aduileiduvenial (x,—x,)
devuavesrasiivesauss k Wy 140N/m Srermaitvesausuiintudamalinsminisnssdasewinena
m, way m, fiduileddureanan (x, —x,) seninainquaa m,uazada m, Tdnvaznisduanas 1y
mzanafiauTalianunntwhlfausuds iianisduresszuvanas 91n3U7 7(b) uamangminisnszda
sewhanam, uagm, iduiledduvemian (x, —x,) WeAnsiivasussmeuensudy £, Wasuwamn
20N Ty 4N dunsmdsi e nsinsnsednsewinana m, was m, duileiduvesian (x, —x,)
derasivesussneuandudy f 1Ju 20N doundunsmddia e nsminsnsednseninanan, way
m, Mduilaidureanan (x,—x,) derasivesusnmesuanEudu £ Wy 3.0 N doundunsimaun fio
nswlmsnszdnssyinanam, waym, Miduilsdduveanan (x, —x, ) Wemasivawusinousnizudu f,
Hu 40N Srepsiivesussmenendudy f fuuadsdwihlinsvinmsnsednsewiana m, uag m, 710y
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dd

Wandureaind (xb—x ) A3 dﬂ’ﬁauluammmmmuml,l,m 37 0.0 LATIUIAVBIAINTINAIINTEIN
syvhanam, wag m, Muiler Hureana (x, —x, ) ity

3 14b ] ~ 1
= k=20Nm = 3 {%,=2.0Nim
= 1.2 1 — (N —
=1.0f ] 2 10
g 1 = k.=
Z 08 {k,=20Nm & ,=4.0 N/m
‘5 : —_— e 0.5 —
g 0.6 ] g “ l i ‘ \' k,=6.0 N/
S04 {k=60Nm 3 0.0 l s_oovm
E — =
2.0.2 =
é 0.0 . . . . g S 05 . . . . .

0.0 0.5 1.0 15 2.0 25 0 5 10 15 20 25

Time (s) Time (s)

(a) (b)
JUT 8 mywinmnwdmerinenam, usem, Duilviduenm (x, —x, ) @Andivewss k Whew 2 -6 N/m

U

Tugaena 00 3wt 8s 25 3il (b) ApsiivesaUss & Waew 2 — 6 N/mlugaaam 0.0 Jund 84 250 Ju

11N3UT 8(a) frAnasivesausadndunnidunsmded k= 28/m wWaswdudunsnduned
k = 6N/m vilnsminsnsedaseuinanam, waym, Mluilsdduvesnan (x, —x, ) Annsdusuull
AuLIATIOUIA 0.0 MnTumeansiivesaUiuiuduriilfauisdenundafatu uerwd £=0.01Hz
Tnoflvmaveussneuenizudy f, = IN. nsiduddiisosunnnsauenmagagiuas lunaaindine
yosauTefidafesiliszvgnafuar seorBadlunnifvesnsduliiiados wineanasiivesausadvuin
diudusesunnmsaueundgamell aaranadssvoansdu

6. 35U

fensiivesaUsufiutudsmaliszssmaguivesaUiesswineinguna m, uazana m, Sinvaznsdy
anas Wumseansiiausedannnturiilasuds ianisduvesszuuanas frowiavenna m, uazana
m, fenfiuduagdsmalisrsenaguiesauiwesianuna m, wazana m, o At 0.7 Junildudu
An Areueaduresnsdudiudy druiaveusinisueniduduileniiug udsmeliassensguiies
aSwvesiaguia m, uazana m, finwaemsduiviudnuusdunsvuesszesmaguivesauivifiaoy
anmasndunnernarensinmeuen feasiivesinieueniudu £, Souadudurilfssszmagus
v03aUTe K, (1) fifinsduldaunasndu seu 90 0.0 AsvegsyUTITesAUI K, (1) drwduuand
f1 0.5mwleendn ArszezmaguinvesaUss «, (¢) druduauiien 0.7m uasueundgavasnisdudiia
LﬂumﬂLﬁanmLﬁu%um,l,auwﬁgmaﬂm %mﬁ’f’mﬁ’uLLauwﬁgmﬁummiﬁuﬁﬁmL‘fluamﬁanmLﬁw'fumuau
wégmﬁ'm%u

fennsiivesaUsufindudmaliniansednvesinguia m, uazana m, Tanuuenisduanas e
masTiaUssiranniuiliausuds ifansduvesszuvanas Srawavesna m uazna m, fefistuey
dawalinmsnszdnvesinguia m, waziia m, o avsaus 0.7 Junfidudu ifin Arruemaduresnsdu
A 5’151114’1@511@@meauaﬂL%'uéfuﬁmLﬁuﬁuﬁamaiﬁﬂ’ﬁﬂ'sz%’maq*?mqma m,uaziia m, Janwasng
Fuiinfudnuanidunsmvesnsnsedalidfinuanmasidumsnzanavesusineuendasiiveusy
AEuBNIIUGLY foﬁﬁummﬁu%uﬁﬂﬁﬂifmlﬂ’m'szé’mzwmma m, wag m, duilsiduvosna (x,—x,)

Uil 21 atuil 1 unsAu - Tquiey 2568



22
HAensduliauNInINTUA UG 90 0.0 LBTIUINVBIAINTINNIINTZINTEWINLIE m, waz m, iy
leriduvesian (x, —x, ) WinAy

7. YoLAUDLUL

Tumiaseinmsfiunsdeuldsunsumendamanfiiortunsldmas Manipulate ad1sdensiSeunns
aoulvifuannisszogneguivesauTsiiduilsituresnafuseninsfusnu «, (1) fuduuseiu 1y
AAsaUie & uazaIa m uaz m, wazussneueniiudu £ karaiedeonssunsaeuliiuaunisnig
nsednsgmitanta m, uay m, Aluildduveanatluinndennsm uanseuduiusseninsdulsey
x, (1) = x,(¢) fufudsiu Wy AawEuss & wazana m,uay m, uasussmeusniusu f, s

8. NeANIIUUIZAA

VUUANANEINEIMAnSuAzmAlulal unInerdesudgmasysal AlinsatduayusuanIui uag
waTluMswITe unsensudisagaislulinied

9. 1BNATTI19DY

[1] qdsug USvamans uay g3l Adsey, namans, fisindadl 1. ngaunmamues: yailsduatuloduln
FINTHATRAUININIFIINEERSFn, 2552.

[2] KF. Riley and M.P. Hobson, Mathematical Methods for Physics and Engineering, 3" ed. New York:
Cambridge University Press, 2006.

[3] A Atamp, Introduction to Classical Mechanics, 1%ed. United States America: Prentice-Hall, 1990.

[4] P.S. Goldstein, Classical Mechanics, 3™ ed. United States America: Prentice-Hall, 2002.

[5] R.S. Murray and L. John, Mathematical Handbook of Formulas and Tables, 2 ed. New York:

McGraw Hill, 1999.

[6] C. Saptip, P. Moonsri and A. Hutem, “Calculation of displacement and velocity of particle perturbation
by time-dependent external force of cosine and sine function,” Journal of Science and Technology
Phetchabun Rajabhat University, vol. 1, no. 2, pp. 1-7, 2021.

[71 A. Hutem, “Calculation of the time-dependent velocity and displacement of particle move under
time-dependent external force of damping oscillation,” Journal of Science and Technology CRRU,
vol. 2, no. 1, pp. 1-7, 2023.

[8]  wauyl Uzanezngnd waznun vosadns, “nsta-Tudunisndeud,” 2sar5meimansuasinaluladue
(Foomm, V11 20, aliudl 1, unsaau-Siquisy, wih. 93-107, 2567.

91 a5nsal wadums, Weuds wieddla, Isvna Jaune, augll J91iw, 40196 881895 WaTEINITA UNALAE,
“AN53 LﬂiwﬁwqaﬂiimmimEJL1/|mm%aushuwﬁqmmnﬁaﬁ?ﬁq%ﬂaﬁ@mrTu TneldsedouiSvoaan,”
nsarsImenmansuazmaluladuieieinia, Ui 17, atiudl 1, unsiau-guey, wih 1-10, 2564,

[10] NuN N8I3 waLdNG gnse1uuY, “N5ITBLATWAILILUUS 109 o3 simns s 03 As e s Uy
muAmvisnstaasuesmiion,” 2958153meImansuazmaluladuieisoninia, U 20, atiuil 1, unsiea-

Tguiew, w1 59-72, 2567.

Uil 21 atiuil 1 unsrAu - Tquiey 2568



23

[11] A. Hutem, S. Suwanwong and A. Wanaek, “Calculation of Velocity and Displacement as Function of

Time of Body in the Vertical Movement Under Gravitational Field,” Journal of Earth Science,
Astronomy and Space, vol. 6, no. 1, pp. 29-46, 2023.

P. MUSIK, “Development of Computer-Based Experiment Set on Simple Harmonic Motion of Mass on
Springs,” TOJET: The Turkish Online Journal of Educational Technology, vol. 16, no. 4, pp. 1-11, 2017.
S. Kuaykaew, S. Kerdmee, P. Banyenugam, P. Moonsri and A. Hutem, “The Analytical Description of
Projectile Motion of Cricket Ball in a Linear Resisting Medium the Storm Force,” Applied Mechanics
and Materials, vol. 855, pp. 188-191, 2016.

A. Hutem and S. Kerdmee, “Physics Learning Achievement Study : Projectile, using Mathematica
program of Faculty of Science and Technology Phetchabun Rajabhat University Students,” European
Journal of Physics Education, vol. 4, no.3, pp.22-33, 2013.

J. Changkham, P. Moonsri and A. Hutem, “Calculation of Time-Dependent Velocity and Displacement
of a Partical in Projectile Motion with Air Resistance, Lift Force and External Force,” VRU Research and
Development Journal Science and Technology, vol. 19, no. 2, pp. 90-106, 2024.

J. Changkham, P. Moonsri and A. Hutem, “Modelling the Projectile Motion under a Time Dependent
External,” VRU Research and Development Journal Science and Technology, vol. 17, no. 2, pp. 45-59,

2024.

Uil 21 atuil 1 unsAu - Tquiey 2568



NSATINIFERSwazINALUlagugSaa N A

U2ed2uUseaun19n15naIanlinan oA uNINa b lun15 LU N5 UUEIaUAN

Tuwanuasasn NIWNNWUATUAT
Marketing Mix Factors Affecting Satisfaction in Using Freight Transport Services

in Nong Chok District, Bangkok

Fayun dunae’’
aninladafindanauasn1sINNITYNAIMNTIN AMLUIMNIFINT U Inedemalulagumuns
Chidchanok Inthong!”
'Global Logistics and Industrial Management Faculty of Business Administration
Mahanakorn University of Technology
chidchanok@mut.ac.th
Received 14 September 2024
Revised 09 December 2024
Accepted 17 December 2024
UNANED

IS s

npUszasAioAnuladedindszaunnsnaianinaseanuiianelavesgliuinis

1%

NIl
yudeduAlulunrueRen njunnunIuAs nausiegsusznaume lfusnisvudsdualuuavuesen
91U 400 AU LATelRITenAnAsuULARUA TR UAIU UTEaN1aNTRAIA 7Ps laun sudue

wazusns (Product), aus1A1 (Price), Auanui biusnis (Place), Anunisaaasunisnaia (Promotion),
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A1UYAAINT (People), AMuNTEUIUNITIAUSNIT (Process), LagauanuaiznIenImaleuan (Physical) lng
Idaffanaaeu t-test, ANUWUTUTIUMAALT (One-way ANOVA) waznsiiasizvianaaenyan (Multiple
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Judreuni1eadanseau 0.05 wazanunsanensalmnuianslalang 73.9% (R? = 0.739)

7]

ANENATY: N13TUAIEUAN, AIUUTTANNIINITRATIN, ANUNINDL

Abstract
This research aimed to study the marketing mix factors affecting the satisfaction of freight
transport service users in Nong Chok District, Bangkok. The sample group consisted of 400 freight
transport service users in Nong Chok District. The main research instrument was a questionnaire
related to the 7Ps marketing mix: Product, Price, Place, Promotion, People, Process, and Physical.
Data were analyzed using t-test, One-way ANOVA, and Multiple Regression Analysis. The results of

the research found that the 4Ps: Place, Promotion, People, and Process had a statistical significance
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on the customer satisfaction of service users at the 0.05 level and could predict customer satisfaction

by 73.9% (R? = 0.739).

Keywords: Freight Forwarding, Marketing Mix, Satisfaction

o

1. unun

1Y ]

dndruusunansvudeduinludsenalul 2565 wuiUsunansvudsduinisauudiaaduguuy

ndn Andudndiuosas 79.08 Wuduandesas 78.72 1l 2564 sesasuliun nsvudsdudmai An
Judndufesay 18.55 anasainfesay 19.29 luvngiinsvudsduivnenatagmisnaidadausautng
tfow Aniludndrudesar 1.96 uay 0.01 auddu (1] Wunanfiiiuin MasslrnudAyiunisimu
TssasanugiunisnuuinnningUuuudug daaliszermsvesauunsounqui 91.6% veudumsuds
JanuavesUsznasag dnwazvesnsvudauLiansndmsaangds (Wesuma) feiu Uarem)
(Door to Door Transport) uaziiieslesnisvudsguuuuduilianansaliuing sudsandunmisanems
I¢ognsanysal 1y n1svudsdudmienai uazornia axdeddenusmniu Feeder vuseAudroluss
ASulaeme vilinsvuds anuuliunumaaeniavudssinvesseing azvisuainanldinedmiunis
yudsdufmaauuiiganiinsuudsgUuuudusnlaeaasa (2] Usnanisvudsdudlunmsiuuivanasent
nowni [1] Inelul 2565 AU3unusu 885,146 sy anad9n 925,735 wiusu Tull 2564 seanasiavay
4.38 viaf USanansvudsdudnludsemeuSuanaadnies Taefiusina 579,139 Wudu anasan 579,817
fuiu vieanasiosar 0.12 lawanasanmsvudsnsgitinielusemeadundn Tuvaedivsinunisuuds
AuAseninaUseme TUSHIn 306,008 Wudu anasan 345,918 Wusiy viseanassesas 11.54 91NN1SUUE
mahsgwialssimaud

SHIPPOP Iévinsmusmdeyavesuduinvhussma tiothaiesedyarvosmanaudeiansiu
Tulne wuin 1 2565 panavudsianisnsinadulniianas Fsdeunthinaravudsdimadulndueehs
w0 flosannndnssuduilnadiudsululutalain-19 fuslnakuindedudooulatiuiniy waslv
ANnudRiuANNEEAINTIALSIlUNSTUASRUAT uandaanaatunsallain-19 L’%MLéﬁﬂgiﬂwaxUﬂa Auslaaf
BunduanldFinunfanntu dumalvinanuudaianiisnsniadulafianas [3]

Mnanmilamndsnan Sanudululfersdsafesziuanufianelaveslduinmsle Faduusaidiuligm
ydndernudiSavesgsialliuinsmeuentadainddae fduidelddafiuienuddyresmsfinuiad
fidawaronsadesmnuiiswolavesgnin ﬁga{fﬁéﬁ’dﬁﬁmmﬁmaa [4] 7 AnwAgatuid esdauuszaumg
NTAAIANNE N 93 1ATIE A 9 a8 d snas aauianeladt agld nsvudsdudlulnvussven
nFNTINAVIUAS ioUTuYss WanamnwnsliEng wieuiimsaisanuuandnemsliunisgndnli
frmsyiivla andh iodmaisssfuanuiianelagegeliinssiuammudesmsvesfliuims (gni) snfian

2. YBULUATUIVY
2.1 L‘ﬁaﬁnmf]a%’aﬁauﬂizammamimmmjaqp:ﬂsifu’%misuuﬁqauﬁﬂuLsuwuawaﬂ NTUNNUNIUAT
2.2 Lﬁaﬁﬂmﬁafi’fsJﬁauﬂszaumqmmamﬁdmasfammﬁmaiwaq;ﬁ%ﬁmsmuﬁﬁuﬁﬂuwm
VIUBIIDN NTANNUNIUAT

]
v

Uil 21 atuil 1 unAu - Tiguiey 2568



26

ad v
3. ngufiingdas
3.1 veuwasmullomnldlunmsfnwiaseliyatduieiuladvdiulssaunienisnaininasoninuiig
walalunisldusnisvudedus

3.2 WoUAMUUTEYINT NgufIeg1ell waiunfltlunisfinweseide gldusnisnisuudsduanly

bUAVUBDNIBN NTANWUNIUAT

4. NTOULUIAALUNITINY

TunsAnwidedes Jasdudrnuszaunnanisnaniifinasennufianelalunisldusnisvudaduiives
Aldluwavuesaen nsaunnuviuas dnseunwifntunsifidelagldiuntadediulszaumanisnainves
5] lef fvuasauUsdusazsudsmu Weiduedeedielunsiidunuidouasdusuamslunisdum
fnau deUsznausie Jademundnsae Jasudusian Jasesuaaiuiinisliuinig Jadusuduasy
n139a1n Yadeauyaains Jadeaunssuiunshiuinis wasdadesudnuaienignInaieuen a1unse

aaunglanagunl 1

AuUsdase Ausany

Uagdrudszaunienisnann

—_

. Uadgdnundindoun
. Uadednusmn auNanalavasdldusnisusem

_ Jadudnuanuilsusnng Yudsduanelulsene

. Uadednuyaaing

2

3

4. Jaduauduasunisnann

5

6. Yad8munIEUINNSIAUSNg
.

. UadeamuanwaignenImnneuen

SUM 1 NTOULWIARNITIRY

=} o a

5. 9511591 0UN1598

av & & av a o v & 4 o« <
A15298ULTUNIFIVYLYIA15I (Survey Research) IﬂﬁﬂfﬁLL‘U‘U'ﬁa‘Uﬂ’]ﬂJLUULﬂiaQNQIUﬂqﬁLﬂUiﬁ‘UT}N

Joyaandieg 1 agliusnisvudeduimlulunanueten njamnunues Inelswasiduniinadl

5.1 Usgynsuaznguiiegig
Uszans (Population) Usswnnsitidlunsisendad Taun Uimmﬁagmﬁa 91U T8RN
TuUAvLe9eN NFUNILMILAS
nauiaegn Allun1ifeadell 1dud yanamluiduglivinsussmudsdudluiiufionnues
900 nyanmamuas esnnUssrnsivunlvguarlinsusunuiuiuey duiuruisveangudiesng

(9

a1u130AWIUlAINgATUDY W.G. Cochran taamnunssAuaaiiodu 95% wagseAuaIAINAAIALAGOY

Ui 21 aliuil 1 unsau - fiquiey 2568



27

[
[

L3iviu 5% [6] FaansldlunisAnwiasall fe

P1-P)Z*
n:% (1)

e N Asvwanguiiegeiagnm

'
a Ya v o w !

P feodndiuvesussuinsigidemasdu 0.5
Z faszauanulatiuniuuall Z dawviniu 1.96
NILAUANLLTBLU 95% (SEAU .05)

v

e AerAnupandoufisanliinduaInnsduiiegns 1y 0.05

. 0.5(1—0.5)1.962
UnuAn n=

2
0.05
n~385
lumsiduassilsaddnquiietieetietos 385 au uiiiennuasaInlunsTinTeing {3839l

R - = T

Usurunadudiay 400 feehs defiodwiunasiniivun
Fnsdudiedns fneanden fe
Fupoud 1 1938maduiegsnsduuuutugd (Stratified Random Sampling) Ao vhnsifiy
nauiegsuuueaulal Inefidearadnawuuaaun1uain Goosle doc WagNs¥ANERUUABUATY 1ABNTSLAY

ToyaannnisasdanvedLuUde UV UNGUAUTNNALREUAUBIIDN NTUNNUMIUAT FanaunIATUN1T

u 9

N

(% v

FHerzudaiuiiagyhnisneviuuasuauingiagnevazsealudiendusgluunnussaenwintu

@2

o
[

Jupaud 2 1Hsnsdudegnsuutedyy lnginisnssarewuuaauniy ieliladnuiungy
Y i ° v Y ¢ = o 1 & 2 val 2% =
Ao amuduIundens Ineldivaninae Sangudegiuludleilinaunsalideyaseavidenves

wuvaauaule

o Al

5.2 pvesiianldlun1sideuazanninuaansadie

153388 I wuvasuaulun1siAusIUIINT 9L A Ing 3Ieladnwiniaiug Auadl nunu

Y Y
IIIUNTTU LUIAAKALNIOE LONAITNIIIYINTT FINDNAITENALITBY LBAUANTOULUIAAYBIUITEN
wansliuduwUsiieites wazdilugnislianumnevestionudwiang weaduwwimslunisimuinis
as1wuvaauau Fan1539e i uidaidsdrisiailduuvasuauislarslauazUaneile lnsuuudouay

Va v A o A o Ya o

UaneUagidedidaudendmeuligneulsidenneu diuwuvasuaiutatedn fiduasimuaanizamaiuli
AnausuudeunNausauananuAnmiulunisneuld Tnsuuugeunugnuuteandu 4 diu fe

doud 1 1unrsasuanuteyadiuyaravesnounuuasuny lnegneuluuasunNaziden
AmeuinssfunsndusnuussireunuuasuaLsnige

dufl 2 L’f]uﬁ']mfuLﬁ'mﬁquﬁﬂiimmﬂ%u'%msu%ﬁmudaﬁuﬁwm;ﬂ%u’%mﬂuwwuaaﬁ]aﬂ

]
v

Uil 21 atuil 1 unAu - Tiguiey 2568



28

nyamnavnuAs Wumaudnvauzyaiela

gl 3 WudefnuAnfumiudndiuestiadodulszaumenmsmanadiinannuiswelaly
msldusnmswudeduivesldluunruesaen nzunmmumiuas 31w 22 o WutdeAnuuwuuinsinuuud
\AS™ (Likert Scale) 5 526U

daudl ¢ Dudemnmisrduanuianelalunsldvinsvudedudvosildluwnvuesasn
nyamnanuas WudemauuuunnsiauuvaiAsy (Likert Scale) 5 seau

1T TAUUUAATN 5 sy il

1.00 - 1.80 vaneds Wiushetosiign  3.41 - 4.20 mneds Wiusheun

1.81 — 2,60 vineds iuseay 4.21 - 5.00 Mnef Wiufoanign

2.61 - 3.40 muefia WiwmeuIunad

5.3 nnsidendlegiazmsiiudeya

fAfsfiunmaseunnuiissnsadailon (Content Validity) iiionsradeuarumssoion
fiaseunguinguszasdvesnisdne lagmssudunsasiaaeumanudismsslaod i demalsyifiua

[

mmaamﬂa”amqL{famﬂmmqﬂizaqﬁsuaamﬁ'«j"a (Index of Item — Objective Congruence : 10C) Faile
mAnadsudrfatorinwiifien I0C Sannni 0.5 yade andurhmamedeuaudeiuvreaadesielng
ihuvuasunluneaesfiutoyanisdsadesiulssana 30 feg1e udmmunrdissdnda
doifuraansouunadari (Cronbach® alpha) fAWiifu 0.954 wwinndt 0.7 [7] 9ntuaginsusuuss
wazduaudtluinusiunindeyaiungudiedn
54 msnszidaya
defaduldvnmaivsunadeyaanuuuasuauuda Seldihdeyadusnuszaanadenis

[ a

IseAvenanis1eazidenmalul

u

v
6 v v a

1. afiAFanssasun (Descriptive Statistic) Tolunsiinsievidayadsil
1.1 Mie3oeay (Percentage) wavAaud (Frequency) f‘TUGT’JLLUsﬁﬁssﬁumﬁmﬁ?ﬁamju Toun
Jadudiuynna e 018 @n1unIn sERuNSAng) 818N wazalinabiou
1.2 1dAnads (Mean) wagdruidsauuinnsgiu (Standard Deviation) fusuusidissdunis
Fowdausunas taun Jadediudsvaunnaniseain way anufianelavesyldusnsvudadumluiunvuesaen
NTUANUNILAT
2. afifeyuu (Inferential Statistic) THlunsinsigvideya il
2.1 anvauzdsznnsmansdmasreanuiianelalunisldusnisvudadumvegldusnig lun
D990 NTUNNUIUAT Tnunmne In1sinseideyaniealiin1svegey ttest wag adifniy
WUSUTIUNALRET (One-way ANOVA)
2.2 Wednwitadudiudszaumensnaesinuduiudideindeanuiielavesglduinig
yudsdumluwavueen njamnumuas l¥nsineiteyanisationaeenyan (Multiple Regression

Analysis)

Ui 21 aliuil 1 unsau - fiquiey 2568



6. NAN15IY

29

awv I Aa ' = Y a | a v
1NNTITIIYLTDN ‘ﬂ"\]"\]Saauﬂigammq\jﬂqima’]ﬂwllNa(ﬂE]ﬂrJ’]QJ‘WQ‘WE]GLT\]GLTJﬂ’]{LsU‘UﬁﬂqimuaqauﬂqIULm@

v
v

VIUBIBN NTUVNNNIUAT F10130aTUNANTIRE anadl

6.1 MTIATIERYaYaNIERRLBaNI TN

HAN1TIATIEYTaYad WY ARATRINa UF10E19lAEN1TMAIAIINA (Frequency) wavA1Taeae

(Percentage) laigatl

Ui 21 2

M1519% 1 Feyamiluresnounuuaauniy

Uadndauynna U Jouaz
LA Y1 145 36.2
AN 255 63.8
218 woenin 20 Y 79 19.8
20-29% 208 52.0
30-39 1 80 20.2
40 - 49 U 22 55
50 - 59 U 5 1.2
60 Tl 6 1.5
A0UN N Tan 265 66.3
ausd 130 32.5
we13e / e / ueniueg 5 1.2
sgumsiine  dndndseudnw 25 6.2
iseufnenoulane 84 21.0
Ua.ayUsna / daa. 32 8.0
Uyey 93 220 55.0
ETGTRIRY 29 7.2
UIgyeyLen 10 2.5
21N dniseu / UndAnwn 200 50.0
11519015 / NINUTTIAMAR 38 9.5
wina / gndneusenenyu 123 30.8
Usenaugsnadud / A 36 9.0
Ju 9 3 0.8

%

]
=

Juil 1 uns1ax - dguieu 2568



30

Uadndauynna MUY Jouaz
selasafiou  1Uosni 10,000 UM 113 28.2
10,001 - 20,000 U 192 48.0
20,001 - 30,000 umn 67 16.8
30,001 - 40,000 U 16 4.0
40,001 - 50,000 uwn 2 0.5
50,000 UMY 10 2.5

5799 1 wungeevdnanndunandgs Wudiau 255 au Aadudesay 63.8 sedaw fe
wewe Wudwou 145 audndudesas 36.2
Aueny FrevdiuNney 20-29 U Wudiuau 208 au Wudewar 52.0 seawfe 81y 30-39 U

d1uru 80 auAnLduSaway 20.0 daunde angdeanin 20 U d1uau 79 Audnludesas 19.8 daunfe 01

e

40-49 Ydwau 22 audalufeway 5.5 daunde 01y 60 YTuluT i 6 audnluiesay 1.5 uasyiilien

e

50-59 Yidurudesiian fo 5 audniduiesay 1.2 Tagddu

AuanIunn gravdiunindaniuslan Wuduau 265 au Aaluiesaz 66.3 s0ta3u1fe
anunImaNsa 91w 130 au Andusesay 32.5 daunfe anuniwngnine / wine / weniued $1uau 5
au Anduiosay 1.2

a

AuszAuNsAnyY dreudiuuinaunsAnuseauuiaganes 1w 220 au Anluiesas 55.0
soande syaulseuAnwineulaiediuiu 84 audniludawas 21.0 daunfe seaul.eudsaan / Uaa.
$1uau 32 audndu $os 8.0 daufe seRuUSya sy 29 rudndudesas 7.2 dande seRusin
seudne $1uau 25 auAnludeay 6.2 szdugavinede Usmgen 91uiu 10 Ay Andudewas 2.5

AU FravduuiniendndnSeunasindny) 91uu 200 auAaduiesas 50.0 o38N
Ao winaunazgninsuidnenyy 1w 123 audAadusesar 30.8 daunfe d191¥n1suasniinay
SPiamiaduau 38 AuAndudewar 9.5 daunde Usznougsivdiuiuazdvnediuiu 36 audndudevay
9.0 uaznguiogsiiuszneueIndugilildszymniidnnuiesiian fe 3 audniduiesar 0.8

duseld dnevdiunndsigld 10,001-20,000 vm $1uu 192 au Aadudesas 48.0 sevawn
A8 UasnN31 10,000 UM §ANNA8 20,001-30,000 UM 311U 67 AuAnduSaeay 16.8 dau1Ae 30,001-
40,000 U $117u 16 audaiuderas 4.0 daande 50,000 vmAuly $1unu 10 AuAmuSesas 2.5 wagh
Ffiseldwaud 40,001-50,000 UM ﬁﬁ‘hmuﬁaaﬁqm Ao 2 AuAnluSoay 0.5

6.2 nsimssilatudulssaumsaanadifinadonainuiisnalalunisldusnmsvudsdudi

NAN19T 2 man1sTesedseRurestatdiulsraunienisnaad fuanennuimela
Tunslduinisvudedudlulwnnuesasn njennumuasnUitTeauvesdadediuyssauninisnaie
fifinasiennuanufanelalunsldvinsaudsdudn luwnnuesen nyunmumuasie 7 naud

AzRUUTINANRA BaNAniuLR azna uluszduindwnigannnaulaeng ui dszAuaziuugan

Ui 21 aliuil 1 unsau - fiquiey 2568



31

dnAD AUNTEUIUNTIIUSNNT (X = 4.68, SD = 0.432) S89a311AD @ruaauiliusnig ( X = 4.58, SD =

q

0.515)

o a ¢ Y| Aa ' = Y a | a v
MN1919N 2 Naﬂ’]i')Lﬂ'ﬁ’]gﬁ{jﬁ]"\]ﬁﬁUUUigaﬂJﬂTﬁﬁa’]GW]@JNﬁGIE]?]'JWQJ‘WQ‘WE]I‘\]IUﬂ']ii‘UUiﬂ’ﬁsUuﬁQaUﬂW

ANENRNANITINTZAU
s18n159n5eautdadedIulsaNn1IsAaIANdNanaauNana la ly

" us93¢la
nslduinisvudedudn e -

X SD.  uiawa
sremsdadediulszaunisnann
1. fududuazuinig GPD 450 0.460 anilgn
finsuinisfildunsgugnads PDI 454 0560  aniign
Y IMUALANUFNINVBINITNIU PD2 439 0599 mmﬁqm
fnsusmsanudwiuney - nas agagnaes PD3 456 0625  wniign
2. fusIAN GPR 436 0545 wniiga
TIANEALTUANATNYBINITIAIUINNT PRI 446 0616  3nfign
semnzanfusuiliuing PRZ 441 0651  mnilgn
aliunaiiefsuiuiudu PR3 422 0795 wnnilan
3. fusaiiliusnig GPL 458 0515 w7ndign
Tvinalndtnu PLI 462 0560  annilan
Wiuvmaazann PL2 453 0632 wnfign
4. fudaaiunisnann GPM 397 0.713  an
finslaan Smsussanduiusinudesiie PM1 416  0.833 110
fvlusTuduansian PM2 393 0.837 )
nslawaniduiiinaule PM3  3.89  0.864 )
fisUuuunsdaiedunsaaadivannvang PM4 391 0878 wn
5. §uyeains GPE 452 0453 y7ndign
wsemvemiinauluvae i PE1 454 0568  w1nfign
nmsussmegveswiinaluvasliuInng PE2 449 0529  wnfign
yranuazdvhyiimaiuansesnluvasiliuinms PE3 451 0616  wnfign
6. AuNszUUNITIIUINS GPC 4.68 0432 wnilgn
firnusmstunsdngd PC1 470 0528  niign
aumladlasuanudeme PC2 466 0604  niign
sruURRUAUAMIUTEAEA MLAEALNADS PC3 468 0557  aniign
7. AMUSNYUZNIBANAIBUBN GPH 4.44 0493 anilga
Wuunasialdine PHI 454 0611  aniign
fheusymduiugeneg daau PH2 444 0626  wnilgn
flaeasaniauazagaInaue PH3 435 0734  wniign
anuiifimNazen PH4 442 0707  wniign

]
v

Uil 21 atuil 1 unAu - Tiguiey 2568



32

fauNAe PuFUALAzUSNNS (X = 4.50, SD = 0.460) 6nunAe Audnuwazn1ea naieuan ( X = 4.44, SD
- 0.493) §nunfe F1us1A1 (X = .36, SD = 0.545) wazduanasunisnan ( X = 3.97, SD = 0.713) il
finnsansemsiaveusdaznguenisiaifinsuuussiurestadvdimuszaumnsnaingefiagnlunsias
nauAe IN1sUINIIINEIRUREY - de 819N IRzuuugeanluiuFuALAzUSNIS (X = 4.56, SD =
0.625) IANMNEANAUAMAINTBINITIIUINIST Hazuunagalui1usian ( X = 4.14, SD = 0.713) fviua
Tnétu fazuuugeanlusuanuiiliuing (X = 4.62, SD = 0.560) dnslewan dnsussudustusiiiu
Fosineq Hazuuugeanlusnumsdaaiumsnatn (X = 4.16, SD = 0.833) susnsemvesmiiny dasuuy
gaantuduuaaing ( X = 4.54, SD = 0.568) Imnusinsilunmsdngs dazuuuganluinunszuiunisnis
19313 ( X = 4.70, SD = 0.528) uay Wiuunasiisaldine fazuuugean lududnuagnenmaeuen (
X =4.54, SD = 0.611)
6.3 manseianunawelalunislduinisvudedusi

TR 3 namseeissiuresansiinTzinnaianelalunislduinsvudadudmud
seuvasaufienelalunislduinmsvudidud fasuuusmdiedseuAniiveglussfuinnign (X =
4.60, SD = 0.373) Wiefiansansienisinvessesurosauianelalunisldusnisoudsdudn wuinienela
soAuwaLissvaInneuvesa g dazuuugedian (X = 4.70, SD = 0.528) sosawnfio fanelaste
MswudsisIngs (X = 4.62, SD = 0.560) uazfianelasiefinensaduiuglduinsideradiome (X =

4.49, SD = 0.560)

A15199 3 WaNNTIATIETANUTaNBlalunsiTUSNNSYUEIELAN

AEdANaN13InTzAULIIRela

= Y a 1 a 1'% 4

auNanalalunisldusnisvudediui 98
X SD. wlawa

=
518n13ANUNNela

anuisnwalalunisldusnisvudedum GSA  4.60 0373 wINMgn
fanalasoruneLigwaamtnuYeaIUITuY SAL 470 0528 WINTgn
wanelasienvensadmiugliuinisidlegaiivane SA2 449 0529 WNTign
flanelasionsvudsiisins? SA3 462 0560 WINTan

6.4 MTIATEdayaINanaAsaUANNAFIY

RV

v
o ya o

Turuidediidevihnsvaaeuauigiunuiiivualy fe
H1: adedaudszaunienisaaiasidninanaadrunwalavasldusnisuTenvudedudn

meludssnd

Ui 21 aliuil 1 unsau - fiquiey 2568



33

A5t 4 wudh nsmsvdeuteyaLl psuiniuusBastlifinnuduiusfuedussduiige
110 (L Multicollinearity) ¥n1smsaageu Multicollinearity agl4an Variance Inflation Factor (VIF)
uazA Tolerance Tnofinausinisnsadey dedl VIF fngaulsinisiu 10 mnfuniiduansi duus
Saseiinrmduiusfuosluszdiuiigann uasmnan Tolerance < 0.2 uand3nAn Multicollinearity 91nwa
MFIATIEIINUIIAN VIF geandiayindy 1.670 FalailAu 10 wazdn Tolerance AfiAnesfianivindy 0.599

Falaifindt 0.2 wansirdudshifinuduiusiuedusziuamiseliia Multicollinearity

M19199 4: N Teiaundignu Jadediudszaunanisnainiisvsnasonnuiianelavelduinisustm

uasduanglulseina

Collinearity
fiauusdasey B Std. Beta t-value p-value Statistics
Error Tolerance  VIF

AnAsil (Constant) 0.542  0.115 - 3.705 0.000 - -
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R=0.860 R =0.739 Adjusted R Square = 0.734  Std. Error of the Estimate = 0.19229

** JydAynsananszau 0.05
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Abstract
This research aimed to study the natural dye extraction process from buffalo dung,
investigate mordants for enhancing dye fixation, and analyze the quality of the natural dye derived
from buffalo dung, with the goal of developing a commercial prototype. In order to prepare the
material for further processing with pre-mixed printing paste, the synthesis method for creating dye

from buffalo dung was divided into 11 parts. These procedures included extraction at 90°C for 45
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minutes, drying at 150°C for 60 minutes, and grinding into a fine powder. With a Hunter Lab
apparatus, CIE (L*a*b*) color measurements were used to assess the use of mordants, particularly
alum and ferrous sulfate. The results showed no statistically significant difference at a confidence
level of 0.05. The dye's quality was evaluated using ISO 105-C10 Test A 2006 guidelines, and it
showed washing fastness levels ranging from 4 to 5, which were classified as good to very good.
Abrasion resistance testing under ISO 150-X12 2016 standards revealed that the dye performed
better under dry conditions. The findings highlighted the potential of buffalo dung-derived dye in
product development for income generation and as a pathway toward product standard

certification.

Keywords: Buffalo Dung, Dyeing Agent, Screen Printing
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Abstract

The frequency of terrorist attacks involving Improvised Explosive Devices (IEDs) is expected

to continue increasing. Ammonium nitrate fuel oil (ANFO) is the preferred main charge in IEDs due
to its low cost and wide availability. Hence, there is a pressing need to develop an ammonium
nitrate detection method that is easy to use, cost-efficient, fast, and reliable. This research
developed the YPADs as viable devices for detecting ammonium nitrate in the field alongside a
mobile phone camera. In this study, a two-lane uPAD was developed to detect both ammonium
and nitrate ions in an ammonium nitrate solution. The purpose of this research was to develop a
simple and low-cost colorimetric method for simultaneous ammonium and nitrate ion detection
using microfluidic paper-based analytical devices (UPADs) fabricated by the wax-screen printing
technique. The two-channel yPADs were designed and fabricated. The first channel was used for
ammonium detection using Nessler’s reagent coated on the detection at the end of the channel.
The second channel was used for nitrate detection using a Griess reagent. By simply dropping the
sample at the center of UPADs, the developed UPADs were able to detect both ammonium and
nitrate in a short time (only 4 minutes). The colored product on the uPAD (yellowish-brown and
pink color for ammonium and nitrate, respectively) was then captured with a camera on a
smartphone under a commercial controlled light box and its color intensity was obtained by using
Image] software. Using the NHANO3 concentration in the range of 100 - 800 ppm, under optimum
conditions, there was a good linear relationship (r2 = 0.9961 for ammonium concentration range of
200-800 ppm and r2 = 0.9894 for nitrate concentration range of 100-800 ppm) and the detection

limit was 48.760 and 81.966 ppm for ammonium and nitrate, respectively.
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1. Introduction

Terrorist attacks using Improvised Explosive Devices (IEDs) are likely to increase continuously [1].
IEDs consist of various components that include an initiator, switch, explosive material, power source,
and a container [2]. Numerous materials that are commonly available, such as fertilizer, sunpowder,
and hydrogen peroxide, can be employed as explosive substances in IEDs. Fuel and an oxidizer,
which supplies the oxygen required to maintain the reaction, are required to produce explosive
materials. The combination of fuel oil (acting as the fuel source) and ammonium nitrate (NH4 NO3,
acting as the oxidizer), known as ANFO (@ammonium nitrate fuel oil), is frequently used as a main
charge in IEDs due to its low cost and wide availability [2, 3]. Ammonium nitrate is a potent oxidant
widely used as fertilizer and an industrial explosive. Due to its colorless, odorless crystal structure,
identification requires various analysis methods [4]. The efficient identification of explosive ingredients
is a crucial aspect of forensic science. Including information on explosive chemicals aids the inquiry
in finding the possibility of the origin of the explosives [5]. Ammonium nitrate detection methods
commonly involve instrumental analysis, including electrospray ionization mass spectrometer (ESI-
MS) and inductively coupled plasma-mass spectrometry (ICP-MS) [6, 7]. These instrument-based
techniques have great sensitivity and accuracy, but they are expensive, large, non-portable, and time-
consuming. The lengthy process required for this complicated procedure delays the notification of
on-site personnel. Therefore, it is essential to develop an ammonium nitrate detection technique
that is easy to use, cost-effective, rapid, and reliable.

Microfluidic paper-based analytical devices (UPADs) are devices fabricated from paper with
microchannels created by incorporating hydrophilic and hydrophobic regions to facilitate fluid flow.
They have become an increasingly attractive substrate for on-site testing because of their
affordability, independence from other instruments, portability, low consumption of reagents and
samples, and ease and rapidity of fabrication [8]. Most UPADs use filter paper as a hydrophilic
substrate, with a hydrophobic barrier made using many different techniques. Hydrophilic fluid cannot
pass through the hydrophobic barrier; therefore, it is directed into the channels through capillary
action. There are several techniques for the fabrication of PPADs including wax printing,
photolithography, flexographic printing, inkjet printing, plasma treatment, laser treatment, wet
etching, screen-printing, and wax screen-printing [9, 10]. The most widely used analytical detection
method for uPADs is colorimetry, which requires specific reagents that change color to correlate with
the analyte concentration. The relationship between color intensity and analyte concentration can

be established more easily through technology using smartphone reporting methodologies [11-13].
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Additionally, employing an electronic device (such as a digital camera, smartphone, or scanner)
coupled with image-processing software (such as ImageJ, Photoshop, etc.) can generate qualitative
and quantitative results [14, 15]. Recently, various studies have reported the development of uPADs
for medical diagnostics, environmental monitoring, and explosive detection [8-10, 16].
High-explosives and military explosives have also been tested using colorimetric methods along
with microfluidic devices [13]. In 2015, Peters and colleagues developed pPADs by designing a five-
lane pPAD and printing wax ink on chromatography paper for the detection of inorganic explosives,
such as ammonium nitrate, urea nitrate, and black powder [16]. Colorimetric-based tests for
ammonium nitrate detection are divided into two parts: ammonium ion (NH4+) and nitrate ion (NO3-).
Typically, Nessler’s reagent is employed for the identification of ammonium ions. This reagent
consists of a combination of mercury(ll) chloride (HgCl2) or mercury(ll) iodide (Hgl2) and potassium
iodide within an alkaline solution. This mixture yields potassium tetraiodomercurate(ll) (K2[Hgl4]).
When Nessler’s reagent interacts with ammonia resulting from the reduction of ammonium, it
generates a yellow-brown color complex [16, 17]. The identification of nitrate ions can be conducted
using the color reaction of the Griess reagent. This approach is most commonly employed for
detecting nitrite and nitrate [18]. For the detection of nitrate, it is necessary to first reduce nitrate to
nitrite using an appropriate reductant (such as Zn or Cd) before proceeding to the diazotization step
in the testing process based on the Griess reaction. Subsequently, nitrite reacts with sulfanilamide
(or sulfanilic acid) under acidic conditions, yielding a diazonium salt. This salt further combines with
an electron-rich coupling agent, such as Ol-naphthylamine or N-(1-naphthyl) ethylenediamine (NED),
resulting in the formation of a colored azo dye [19-21]. The Griess reaction for the detection of nitrate

follows the equations below [19].

- Zn -
NO; —>= NO;
N
NHy N
NO,
—_—
+
H
O:S‘:O O:§:0
NH, NHo
Sulfanilamide Diazonium Salt
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o:§:0 N"\:N
NH,
Diazonium Salt NED
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NH,
Diazo Dye

The objective of this research was to develop a two-lane pPAD capable of simultaneously
detecting both ammonium ion and nitrate ion in ammonium nitrate solution, with the goal of
providing preliminary data for the field detection of ANFO. Wax screen-printing was used for
fabricating UPADs because it is a low-cost, simple, and rapid method [9]. This detection process
included the utilization of the color reaction of Nessler’s reagent and Griess reagent, a digital image
analysis approach, and the ImageJ program. The optimal time for measurement of the color intensity

was also studied. The concept of this research is illustrated in Fig. 1.

Ni[rate

Ammonium

X

Ammonium detection
based on Nessler’s reaction

Improvised Explosive
Devices
(IEDs)

Nitrate detection

based on Griess reaction

Fig. 1 The concept of ammonium nitrate detection in this study.

2. Materials and Methods
2.1 Chemicals and Apparatus

Nessler’s reagent was prepared by dissolving 5.0 ¢ of potassium iodide (Ajax Finechem,
Australia) in 5 mL of deionized water and then adding saturated mercuric iodide solution until a faint
precipitate was formed. Finally, 40 mL of 50% w/w potassium hydroxide was added and the volume
was adjusted with deionized water to 100 mL using a volumetric flask [22]. The solution was decanted

after being allowed to stand overnight away from bright light. Griess reagent consisted of three
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components as follows: (1) 5% zinc suspension; (2) 50 mM sulfanilic acid in 1.5 M citric acid; and (3)
10 mM N-(1-Naphthyl)-ethylenediamine dihydrochloride (NED.CL) solution [16, 18]. The 5% zinc
suspension was prepared by mixing 500 mg of zinc powder (Kemaus, Australia) in 10 mL of deionized
water. The 50 mM sulfanilic acid in 1.5 M citric acid was prepared by dissolving 86.5 mg of sulfanilic
acid (TCl, Japan) in 78.8 ¢ of citric acid (TCl, Japan) dissolved in 10 mL of deionized water. The 10
mM N-(1 - Naphthyl)-ethylenediamine dihydrochloride (NED.Cl) solution was prepared by dissolving
27.2 mg of NED.CL (TCl, Japan) in 10 mL of deionized water. Various concentrations of ammonium
nitrate standard solutions were prepared by dissolving ammonium nitrate (Sigma-Aldrich, USA) in
deionized water. All used chemicals and reagents were analytical grade. Deionized water was used
for the preparation of all aqueous solutions.

The LED light in the commercial control light box (96 high-display lamp beads, 10W) in this
study is a plastic box (36 cm x 36 cm x 24 cm) purchased from Dongguan Puluz Technology Limited
(China).

2.2 Design and fabrication of the uPAD

In this work, a simple wax screen-printing technique was used for the pPADs fabrication.
The patterned screen was designed using the Notes Writer application. The design of yPADs is shown
in Fig. 2. In the YPADs pattern, there was a 7 mm diameter for both the detection and reduction
zone. Additionally, the transport lane was set at 4 x 7 mm. A triangular-shape sample zone was
created to facilitate the flow of sample solution from the sample region to each detection zone
simultaneously. The sample zone of the uPADs was designed as an equilateral triangle with a side
length of 0.7 cm. The patterned screen was made from 64-mesh polyester fabric on a wooden frame.
For the fabrication step, first, Whatman filter paper no.1 was placed under the patterned screen.
Then, solid wax (hydrophobic substrate) was rubbed through the designed area on a patterned screen
and then the excess of wax was removed from the pattern with a squeegee. To make the
hydrophobic barrier on paper, a hot hair dryer was used to melt the wax. After 15 seconds of blowing,
the pPAD was obtained. A 2 pL volume of each colorimetric reagents was spotted onto the uPADs
which was sufficient to develop color across the reaction zone without any leakage over the
hydrophobic barrier.

Initial testing with these UPADs involved selecting reagents from a literature review [16, 18-
19], as many colorimetric methods use strong acids that may damage the paper. A weak acid was
then used in the nitrate test, still producing a detectable color change. The main parameters of the
proposed PPADs, including the deposited volume of Nessler’s reagent and the Griess reagent (zinc
suspension, sulfanilic acid in citric acid, NED.Cl solution), the citric acid concentrations in the Griess
test, and the sample volumes, were optimized for sensitivity and clear color observation by the

naked eye. The range of each optimized parameter is shown in Table 1.
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__ Detection zone of
ammonium
(2=0.7cm)

Sample zone

(side length = 0.7 cm)
—

~ Reduction zone

Hydrophobic
. (2 =0.7 cm)

zone =

Detection zone of nitrate
Hydrophilic zone (2 =0.7 cm)

Fig. 2 The design and dimension of UPAD for simultaneous ammonium and nitrate detection.

Table 1. Summary of uPAD parameters investigated in this studly.

Parameter Range tested Optimum value

Deposited volume of Nessler’s reagent (uL) 1.0-5.0 2.0

Deposited volume of Griess reagent

- 5% Zinc suspension (uL) 1.0-5.0 2.0
- 50 mM sulfanilic acid in 1.5 M citric acid (uL) 1.0-5.0 2.0
- 10 mM of NED.CL (uL) 10-5.0 2.0
Concentrations of citric acid for preparation of
sulfanilic acid (M) 03-15 1.5
Ammonium nitrate standard solution volume (uL) 10 - 30 20

2.3 Simultaneous colorimetric detection of ammonium and nitrate using fabricated pPAD

As shown in Fig. 3, for the detection of ammonium, 2 L of Nessler’s reagent was pipetted
onto the detection zone of the first channel. To detect nitrate with Griess reagent, on the second
channel, three nitrate detection reagents were applied including 2 uL of each 5% Zinc suspension
and 50 mM sulfanilic acid dissolved in citric acid on the reduction zone. Then, 2 pL of 10 mM of N-
(1-Naphthyl)-ethylenediamine dihydrochloride (NED.Cl) was dropped on the detection zone. After
drying for a minute, the uPAD is ready for detection.

In the detection step, 20 uL of standard ammonium nitrate solution was dropped into the
sample zone and flowed through each channel to react with the coated reagent, resulting in a color
change in the detection zone. The detection zone of the ammonium reaction showed a yellowish-
brown complex, while the detection zone of the nitrate reaction showed a pink-colored product.
The images of the colored products in the detection zones were then captured using a camera on a
smartphone (OPPO A74, China). Subsequently, the RGB intensity values of these images were
obtained utilizing ImageJ software. The average color intensity for each detection zone at various

times was calculated using 3 replicate measurements. The limit of detection (LOD) and limit of
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quantification (LOQ) were calculated by finding the analyte concentration corresponding to the
intensity values YLOD and YLOQ on the calibration curve using the Miller method [23].

The number of photons of light reflected from the color of the product on the uPADs into
the RGB filter (Red, Green, Blue filter) corresponds to the color intensity measured by the ImageJ
software. Since the blank uPAD is white, all its color intensities are close to the value of 255. The
color intensity of the product resulting from the reaction between reagent and ammonium nitrate
solution was measured and compared to the color intensity of a blank pPAD. The red, green, and
blue intensities of the blank uPAD are subtracted from the measured intensities of the color product,
resulting in the gray intensity in the red channel (RO-R), the green channel (GO-G), and the blue
channel (BO-B), respectively. To plot the calibration curve, the gray intensity in the blue channel (BO-
B) and gray intensity in the green channel (GO-G) for ammonium and nitrate detection, respectively,

were then used. While BO and GO are gray intensity in the blue and green channels without analyte.

Reduction zone | 1) 2 UL of 5% zinc suspension
of Nitrate 2) 2 UL of 50 mM sulfanilic acid in

“ 1.5 M citric acid

blank .

20 pL of blank
Ammonium nitrate

2 uL of Nessler's reagent

Detection zone
of Ammonium

(

Detection zone | 2 T of 10 mM NED.C1
of Nitrate

PAD

Image Analysis

Fig. 3 Schematic illustration of colorimetric detection of ammonium and nitrate on the uPAD.

3. Results and Discussion

3.1 Optimization of incubation time

The optimal time for measurement of the color intensity was determined after applying
the ammonium nitrate solution with respect to cleared colors observed by the naked eyes and the
resulting colors appeared in the detection zone only. To analyze the pPAD, an initial detector is the
observation with the naked eye, which is the simplest and most cost-effective method because it
does not require any additional equipment. A smartphone is another common device that offers

excellent imaging capabilities and ensures the sharpness of digital images.
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A 2 pL of Nessler's reagent was applied to the detection zone in ammonium testing. For
the detection of nitrate, a sequential 3-step test was chosen based on the Griess test. At the
reduction zone, the nitrate sample was reduced by zinc powder. Following reduction to nitrite, the
sample reacts with an acid catalyst and sulfanilic acid to form diazonium salt at this reduction zone.
The diazonium salt continued to travel up the hydrophilic lane to combine with a coupling agent
(NED.CU) to produce a brightly colored diazo dye at the detection zone. From the experiment, the
steps of Griess reagent for nitrate detection on uPADs are detailed as follows: (1) 2 uL of 5% zinc
suspension was spotted on the reduction zone to reduce the nitrate to nitrite; (2) 2 pL of 50 mM
sulfanilic acid in 1.5 M citric acid was added on the reduction zone after depositing Zn to form
diazonium salt; and (3) 2 L of 10 mM NED.Cl was spotted on detection zone (The diazonium salt
continued to combine with a coupling agent to produce a brightly colored diazo dye).

For incubation time, the pPAD facilitates the simultaneous detection of both ammonium
and nitrate in separate channels, providing results in a short time with strong color intensity. A 20 pL
of 700 ppm ammonium nitrate solution was used as the sample and spotted at the sample zone to
investigate the color development time and the RGB intensity of the color product on the pPADs.
After applying the sample for 2, 4, 5, 8, and 11 minutes, the color development times were recorded
and measured the RGB intensity using the ImageJ program. The digital images of the products on the

MPAD that appeared at different times are shown in Fig. 4.

< 2
o

2 min 4 min 5 min 8 min 11 min

Fig. 4 The digital images after applying ammonium nitrate on the uPAD at different times.

The reaction of Nessler’s reagent and ammonium generated a yellowish-brown product
that formed on the PPAD, which had the highest value of the blue intensity (BO-B). Similarly, the
color intensity measurements of the pink product resulting from the reaction between Griess reagent
and nitrate on the uPAD shows the highest green intensity (GO-G). These results are shown in Fig. 5
and Fig. 6. Based on the data, it was observed that the blue intensity was most sensitive for
ammonium detection, and the green intensity exhibited the highest sensitivity for nitrate detection.
The maximum color intensity in the simultaneous detection of ammonium and nitrate occurred at
4 minutes, followed by a decrease in intensity between 4 and 11 minutes. The optimal incubation

time for a measurement was selected at 4 minutes.
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3.2 Analytical performance using the pPADs for colorimetric detection of ammonium

nitrate

To study the relationship between the concentration of ammonium nitrate and the color

intensity of the product on the pPADs, a range of ammonium nitrate solution concentrations from

100 to 1600 ppm were used in this study. After applying ammonium nitrate solution, the digital

photos of the color products on the pPADs were captured at 4 minutes using the OPPO A74

smartphone camera.

From the experiment, the color product changes from yellow to yellowish-brown for

ammonium detection and changes from colorless to pink for nitrate detection. The results in Fig. 7

indicated the measurement of blue intensity derived from the color product on the uPADs in the

ammonium test. The linear relationship between blue intensity values and ammonium concentration

for quantitative analysis, was represented by the equation y = 0.0386x + 54.22 with a correlation

coefficient (r2) of 0.9961, was determined in the ammonium concentration range of 200 to 800 ppm

with limit of detection (LOD) and quantification (LOQ) of 48.760 ppm and 162.533 ppm, respectively.

Similarly, the researchers conducted measurements of green intensity obtained from colorless to the

pink product on the pPADs generated during the nitrate test. Fig. 8 shows that the green intensity

values exhibited a linear correlation with nitrate concentration in the range of 100 to 800 ppm, which

is equivalent to ammonium. This led to constructing a linear calibration curve by plotting the resulting

green intensity as a function of nitrate concentration for quantitative analysis (y = 0.0542x + 37.98,

r2 = 0.9894) with LOD and LOQ of 81.966 ppm and 273.219 ppm, respectively. The findings

demonstrate that the obtained LOD is lower than those

and nitrate testing of high explosives using uPAD [16].

- HRed intensity (R-R)
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Fig. 5 Relationship between the color development time and the color intensity of the product

for (A) ammonium detection (B) nitrate detection.
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Fig. 6 Optimum incubation time for simultaneous ammonium and nitrate detection on the pPADs
for (A) ammonium detection (B) nitrate detection. The error bars represent the standard deviation

(SD) of three repeated measurements (n = 3).
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Fig. 7 (A) Linear calibration plot for ammonium detection inset

(B) pictures of the color change of uPAD and (C) calibration concentration of ammonium.
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Fig. 8 (A) Linear calibration plot for nitrate detection inset

(B) pictures of the color change of uPAD and (C) calibration concentration of nitrate.

4. Conclusions

This research developed the pPADs as viable devices for detecting ammonium nitrate in the
field alongside a mobile phone camera. Additionally, it is feasible to integrate the uPADs with the
program to create a device for quantifying ammonium nitrate levels in samples. The advantage of
this research is that shortly after the sample is applied, both ammonium and nitrate can be detected
through visual inspection and analysis using a smartphone camera. These uPADs will provide law
enforcement for analyzing unknown suspected ammonium nitrate in ANFO. Furthermore, this
method is simple, low cost, portable and rapid for on-site analysis of explosives without requiring

elaborate laboratory equipment.
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Abstract
The development of a weed control innovation using alternating current aims to create a
chemical-free weed control prototype and evaluate its efficiency through research and development
methods on giant mimosa weeds with stem diameters ranging from 12 to 35 millimeters subjected
to alternating current at a maximum voltage of 2,500 volts for electric discharge durations of 5, 10,
and 15 seconds. The results demonstrated that the weeds withered and ultimately died within an
average of 2.25, 3.75, and 5.75 days, respectively, corresponding to an increase in average electric

power from 95.45 to 203.14 watts, relative to stem diameter.
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3. nqufiineades
nsidansenismavauivieldliunsvenafesanddivhliivaigdvied vilidndudesdinig

Mdavsermunulvilivsinairivanamsenuall Fadeeiinuasnsudnuaenmgnumansuionasinyes

v v
g

Yy o FINIRNTANTEANIRR LT YUIALHe YN TINzUgn Tnedsnsidndyiiivainvany

(3

)

THILANIT YWY WU NISETHB0RU NS N1TLEaaU NISHHESY NSLYLASBIINSNARANSaYINane
Ju

¥ msldansiailunisidaiviiviideserdousseumiensldlnsusiu [5] 1usu

fjaqﬁ’umiﬁﬁm%ﬁﬂuﬁuﬁmimwﬂéﬁlﬁmmé’]ﬁiysiawaﬂizmmﬁaLLfmﬁamﬁaqa’mLﬂumLm
yilefivilvinsdsuuasaglienmeuazdssasionsiinisineas AelAsliinisinsinasuuuiiduding
fudsundemnniusgnsdaidies 099 mavhnsnenswuuBunds nsldansmdafefivansssund msld
wanaRnAauAy MsvsinAunounsnzUgn msldmnudeulrlsnlvsiuuanzen (6] Wusu Saniaisnis
fitdaduiizdn fe msldndanulnihmionszudlnfivhane Tuiy (Electricide) [3] Inediianisrdntuity
Fenspudliihuuuusinnusuiuiudenuuisusiinenzge 1 feaweiviedenseudliin i
SEUUATNMIMUALMBLTILAY STUUMUANLUUTEEY INalagszUUmUgUMIIMER s ushlu@ Tag
szuvodondnmmhauannsisussuliinierhlivadivgmiansaudesalinsdidesomsvesity
vamey udwhliive e uaswisneluiian Taglifnadeduindonnazguamussnunsnsvierlduas

FaaunsadennIn il munglasne e

]
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4. M3 HUN15IY

MssdunsiRLILIRNSsUNSTANS ST endsnulniihnssuaaduldisnsisouas famniioass
muamsnsaanisifaaailumssidatafivesiuiininnumsvionuiidauladoms Tasfauyngiuns
3o “nszudlilihinasensisydulnvesivitaluesudng” $3amsaniunside s

1. sanuuugeaiemadlniiuseiugs dmenismmuadianenisesnuuunisveulunn1side laun
st avane wserulniinvnda wsesulndrvien wazanudnszualninldou Werwiudii
At Ao swinvearandoudadliiin Aruvuiwnumdnudoulas AnunuIRLLEULSILEnLaz
srunainusoulahiii naniseenuuuiis

1.1 mvuanszualiivdouvasiniln drenisTdaunisidslndia fsaunisdl 1 demuiamien

wansziabliduueainlguniivazvnainyisgivesmsisuvasinii lananisawinvuinnszualndi
wifouvasluiii dall

gunismaslii
I, x V4 = l, x V, (1)
I - VA /V, 2)
L - VA / V, (3)

o 1, Ao nszualwihdulgugd, v, A wssdulnihenudgugd, |, e nsvualuiihaunie
ofl, v, fio usatulnihduniend uwas VA fie Maslnindwneg
wnuAeRwInAINTELALNT A uUTHOH

I, = VA /V,
= 1,500 / 230
= 6.52 A
wuAneAmnamnsudliivhuFond
l, = VA / V,
= 1,500 / 2,500
= 0.60 A

1.2 ivuavwinvaaIavdewlasliili (Wire Size) menisiianszualiinvesnaiavieua
Inlihildfaduunaindguninaeniogd sdamauiaduaiameaund (amsned 1) wuin suiad
aaiuUguaiiaslduun 12 AWG (American Wire Gauge) (8.70 amp) wagunaidumanuniugiaisly
23 AWG (0.75 amp)

1.3 menamuinuwdnusioutas (h) Budensdunumeriuiivindnvesunumdnsiouas
(A) paaunsd 4 Armuandmaesidsliiiudmme 1,500 06 uazawiaunu d) 15 2 th (Ui 1

v
v

WAZANNANTNT 2) NANITATUIUAUNUILNUUANTERUAY Auaun1sh 5 Taaadl
aunisiunwnundawUaslnii [8]

A = VVA / 5.58 (a)

]
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WNUANAUNT
A = 41,500 / 5.58
- 694 i
AUNTANUAULNUMANVSIBLUAS
A = dxh (5)
h = A/d
WNUANAUNT
h = 6.94/ 2
- 347 i
A15197 1 PWALEUAINNDIUAT
YuraLduaIn* AMNEINNTANTS IRAVDINTZUE Shuausaudedusiaiia
(AWG) (at 750 cir mils per amp) (a2ALARBURUIN)
12 8.70 11.50
14 5.40 15.00
15 4.30 15.50
22 0.85 36.00
23 0.75 40.00
24 0.54 45.00

*American Wire Gauge; American Standard or Brown & Sharpe Wire Gage [7]

P37: fnwUagan [7]

'
[ LY [

A15197 2 Bweusudnioulasiduiusiuidsednrvemiioudas [7]

o/ o/

aneiu ANA9Y108NLRIANA (T06) a b c d e f
1 0-200 3.75 2.50 0.50 1.0625 0.75 1.50
2 200 - 400 4.50 3.00 0.625 1.25 0.75 1.825
3 400 - 800 5.25 3.50 0.875 1.75 0.875 2.625
4 800 - 1,500 6.00 4.00 1.00 2.00 1.00 3.00
5 1500 - 2,500 7.50 5.00 1.25 2.50 1.25 3.75
6 2,500 - 4,000 9.00 6.00 1.50 5.00 1.50 4.50
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F-n—b - )] g
o —»

JUT 1 dnwaigvesunumdnununanmdendas (7]

1.4 MUUARUAUIRTUEURT UGN A78A15 10 UNT A UN LY ULE UL W AN
(Fs3U7 2) Bufensivunsdaunumandifeanisliuazgaiianumuiuudunsasimanisudud nui
LNUMENLUUIENLKL (Sheet steel) isnzay mdeldieuazidufideuldoglasilulunisvimdoulas
il [7] Tnefidnaumuududuusausivinaglugag 80,000 Fv 90,000 uslamsnsia TaiaiiAusiy
wiimdn (Ampere turn) ogflura 15 - 20 wenuUfifisusiedn

Ampere-turns per inch
0 200 400 600 800 1000 1200

H | EEERRNE
140 | mEREEgS
—o (top Seale)f
5 = gneet S5 E
L~
E 120 1
: a Sheet steel ( bottom scale)
: ==
3100 u #WW_.— =
N 1A SEe e
3 & = 1
w 80 (/ ]l
= , |
ks !'/ .
S 60 /
z s
3 ﬁ 5 +4 1. ’c-as‘-)-[ru_l‘ """'—T
3 40 H14 J = l
FHA pe , 4
o [ AT =
? vans ! t l -1 :
_f Va t l L + } % I ;
- ‘]"_f N B T : _: ___i_ .;, _‘ ]
0% A A
0 20 40 60 80 100 .

Ampere-turns per inch

JUR 2 dunsmluansaurunwiudunsawiungdn [7]
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1.5 MIwiusevrnadandauladliilidiuvaaindgugiiuazniend feaun1svidiuiusey
wpannsiewdadliiin auaunisii 7 fifldnsng 4 feadesainnisenauasaimuatmuevesnisad
yandfoutastnady nefmunsauruuuduLslvin whitu 85,000 @usessnein wanisdun
Srnusevvamnndiowlashiin e

aun1smanusouaaandaLUaslnil

4.44 x f x Bm x N, x Ax 108 (6)

N, E/4.44 xfxBmxAx10® (7)

108 E A9 wsasuluiiin, Bm Ao Anuviuiuwdudunsaudvan, f fe anudnseualiiin, N, Ao
urussvvaaIavdeudatiiiivinulgugd, N, fie J1uusevvaataviiowdadliindunfsnd waz A Ao

4
A v oo 3

NUNMUPAVDILNUAN VB URS

a

uusouvnaInnsianUatlnifuUgugd
E,/ (4.44 x f x Bm x Ax 10®) (8)
230 / (4.44 x 50 x 85,000 x 6.94 x 10°)

175.63 39U
uuseuvnaInnsianatlnidun el

WAUAT N, = E,/ (4.44 x f x Bm x A x 10®) 9)
2,500 / (4.44 x 50 x 85,000 x 6.94 x 10°®)

1,909.01 79U

WAUAT N,

2. asrmdoudasliihussiugs Tngthnadnsannisawinvuingunsaindowdadlninluduneui 1
Judeyaiiugiunisdiliunusumedniunsinmuasysuunsunumdnunumanndewdadidulua
Wannesedeiuduainseuieudunarafinisinuugugiuaznfegdlilddruauseunazanumund

v

Awadldantuihunuranvewdoulasiildainnsusenuiuresiumantadifuisulunatafinanving

a a

YFuusishunisduainlignaesmumuniiiasiangauiunisenseae lvimamuugunduas Al

Y

1%
v A

Fananisasrvdoudasiniiusediuas (Aagun 3) lassil

JUN 3 Msafradeuadlniiusedugs
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3. 9ANLUVIIITMAWALIRTAIUANNTITUWTANITUNsIANsToiamendsuliiinssuaadu
Frenstvundumsnisunianssualidh 2 du fe dawd 1) 2asnssudliihs St ulsugiivay
nAsnivdeusnidusasluiiussiusiuazisasiuiiuseiugs Tnsvaandgugiiduynunainfuussiuli
Nnuvas1eUnd iugunsaimuauilia-Umeesiiuanuvasadslunisldau uasnszualwiuseiugsls
Mnuememisnidugarnmndiuussiuliilfgtudion fataRvnudmneiugunsaiyaiduiady
FyRwiiauaunsila-Ua1a9sussdusi uagdud 2) 1sasnszualwiinarvuiioda-Ianislva
nszualifiivesises iledesfusunstsannszudlin uansuSananszualuin USinaussduludi uang

[

fyanwalnsihauvesgunsaluaznisivavesnsualni (faguil 4)

[EARTH-LEAKAGE

I
PLUG et FUSE SWITCH

$« i
D=— (2} —
AMMETER
E C\D ®u.np HIGHVOLTAGE | HIGH-VOLTAGE
E TRANSFORMER
g
/77 notio GROUND

UM 4 193stiihmsldanuuinnssunisdansivivsendsnulninssuaadu

4. naaeuuinnssunsdnnisivivsendanulrinszuaadu Tnsdoasliusswiugaueanisadiiu
auldalvgunsalgmiidudaduiviialaelisvesiidudaduiviia wians1ie wagAuanurians1Ig 20
e (agudt 5) ndulinsestiihdenan 5, 10 way 15 3l swddy swstuduldifdouad
dnugusnaTuANAIeiY S1UIU 4 YavuIn uiaggaIuIn S117u 3 Ase Ao YaTuam 12 15 IwuRims 90

YUIA 20 — 23 LWURLUAT YATUIA 24 -27 LURALUAT WAYYATWIA 33 — 35 LTURALLAT

gy WA

JUN 5 Msfindsyauinnssunisianisiyivmendanuliinssuaady
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5. NAN15IBUATBAUTIENE

1. nan1sasasiauILInNIsuNsIanIs iR end s ulniinssuaadu wudn yaudnnssunide
FonaluaulaseaseuuInaundng ANEY WAZAINNUT WI1AY 25 x 35 x 15 lwuiuns f1untndl
naealilansdyanwalnsian1svinnu wazdveuansamelniiuuuadna laun vuianseaulni Ysune
nazualuih uazSinanslindanulnih ddedyagunsauinnssufndaeesinuanuun 30 wouwus
wazaindauaumaln-Iaszuuasasiiih durndyegunssiuinnssufndsiduazepansgunsaiyaiadu

Y v oA

faduivity dauvudarslodudmiumsindoudie (Faguil 6) dausumdsliiivesuinnssunisdanis
Fivey duserulniihasan wiriu 2,500 Taad nseualiiigegn 0.6 wewuuwds vaudeusadulniinldauung
Nnundsirendanuliiiesnslwihdiuginielaemluuasldiangunsaliimidlaevialugudiy
Mnsamsaieuianssunmsdansfeiviondaliinssuaadu wuin Wugunsaliflassadienns
vhandlusuuuuiangidedonadeudiemeiyanaglisuiiasiiinsihnuiiglunsnssaeunie
donusudmiugldnuasnndesiunanisiamnyagunsaliitenisifousasasiin [9] Adeseonuuuly
winnzauiug lfauduasi g ldnulaFeuslunisuisessnvikavdeuwaneg1aiidoggd1Any mnusiyn
wianssuihdnivivsedifldrudufindeudvgunsalonahlianaudilunsldaudunndiminaa
mMsAnwszuuTanIswusevusuduinsida ity [10-14] ivhausessun loT Aganusandoudig
§dedenisauauszeylnanuisanansaifiugunsainsnsaduieieilidesnsldde s

Mauldneiuivazalamanii

TrluanssnTuz
LR34 WATI Y
WasinluInnes & = £ L A
A miia-Un ila-dnd

UM 6 Yauinnssun1sdansivigsendsnulninssuaadu
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2. wamsUssliudsgansnnuinnssunsdanisivigimendanulninssuaadu wudn msviliiviie
meluszeznafidutudoddnszudlaingas lnsanmiefindwaneddnvasdaudian e wazuine
aurnvestuTefisuazUsiavenseualiinilduansatusuted dnsaniuiuly w 9a q wils
(Faguil 7) FednwarTriivfignirdaludnusianldszoznaiade 2.25 Yu dnvusiviindeldszezna
\0de 3.75 Tu wazdnwngivivuidldsreznanade 575 Su (uasei 3) lusunadeivRfidusiiu
AudnansRaus 12 - 35 fadiuns wasnatlunisudesnssudlafindaus 5 - 15 Judt neldwdemilaifiniads
faust 95.45 S 1 203.14 Tad (Aua917i 4)

nNNaNITUsTiiuYsEAnSnmuinnssun1sinnisiissendsnuliinssuaadu wud svesnainig
Uaosnsudlrifuazmuaduihugudnansosivimduiadeadlunshin iy fafumndesnisiida
FyfigmstdaluszernsasydulavesiuiialuginsuduazylfiAnanudsendaalddnausanunay
aldaendsliihaenndosiunisliasiadmdnivity [15] AdedtlutadundifioliiAananisidals
7 sasaenadestunsldineluladidaefivadeln [10-14] lunisrdaisvdaeszuuyusud ¢
nszualiiii vosenalniiansamunuliluszoglnauasliinaluladisumesnmaduiviivilidoanislu
wanmeugndurssliiinanuussvin sanSuaslidudaduasied el foislussudnuiloaus
idnlamenssualiiiudrdaunsadivivluldusslevdldofidudunauemsvamniadudiunas
Foundauvis [16, 171 s

A A o v v )

AN5197 3 SnwaEITNEIanA1InAIENAINUININSEwEESU

Y

anwdulsl (Yu)

= o ANEnn
1 L7130 LIAS
2.25 3.75 5.75 AVERAGE
4.00 7.00 10.00 MAX
1.00 2.00 3.00 MIN
1.50 2.36 3.40 STDEV
e LA UHUAUEN AN Masluiin
400
e 354.39
< 200
% 16530 A
o 12147
3G
o 0 | G —V) 25 s’
<15 mm <23 mm < 27 mm <35 mm
YPUINAIAY

JUN 7 wan1snaaeuninnssunsIamsivissendnulninseuaadu
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A15197 4 NANNSNAFBUUINNTTUNITIANTTTRTAenaIulninseLaady

a0 wWusuAudnans AUES  WSIAY NSTUE 00 e o
Au) (ﬁaﬁtmi) (ﬁa?ﬁm;s) (Volt) (Amp.) °r (Watt) AnaBAadlyii
5 12 140 235 0.45 0.79 83.54 96.28 AVERAGE
23 260 233 0.42 0.74 7242 163.57 MAX
24 194 231 0.40 0.71 65.60 65.60 MIN
34 222 233 0.90 0.78 163.57 45.46 STDEV
10 15 146 228 0.56 0.70  89.38 148.43 AVERAGE
20 286 232 0.81 0.78 146.58 243.16 MAX
27 200 229 0.65 0.77 11461 89.38 MIN
33 271 228 1.35 0.79 243.16 67.35 STDEV
15 14 162 231 0.73 0.72 12141 204.64 AVERAGE
22 272 232 0.95 0.75 16530 354.39 MAX
25 120 234 0.96 0.79 177.47 121.41 MIN
35 250 233 1.95 0.78 35439 102.69 STDEV

6. ajUNauAzdaLaUALUY

msidunagimuuinnssunssanmsiviviendanulwinszuaaduiingUsrasdifeadedunuy
uinnssunisidniviigluesusnduuulildansafivasfieussiuUssansnmuinnssy sesnsisouas
fimunuinnssuiuiafvussanluesudng wuin deddesnszudliin 5, 10 uaz 15 Juil Auluesudng
yuradusiugudnansddiy 12 - 35 fadwns luesudndiidnuusion Wes wasuwinelufiganiely
s¥ovANRdY 225, 3.75 Way 575 Tu fedinisldndsenilaiiadefifutudaud 95.45 - 203.14 Yad Tng
Wasuuawnuszernanisudesnszudliiuazaunaduiiugudnansiidu Snvifefivluesudnsuga
n1svenenuged1eliveszd1dy unaliiAnnisidadaiowuulaldasiedidunadisamnuadogld
winnssuogasziasyTannnszualiiiussugs daduasiimstanuinnsslifidnuagnnsnugunisld
uuvvszeglnawaztiimaluladidumesadslminndszgndlfifoliaunsaiaulfegaasnsouass
AT ufiinniu samesouiuTsiviadu q fvannvans luanimwadoufiuandstu

7. AnAnssuUsznA
winnssunsdanmisisiviendsnulninssuaadu Ussaunadiionazqaisiied esinlasuay

(Y [ a

BULATIEIUATUAYUNSANYITEAINNB I UEANLUNITIABUMINE 1§19 ansang Yeuuseun 2566

Ya o

Adevensivveunszaasluegieasld a il §ITenTeddinisfnuidellanlulsslenidwmiuniienu

Y Y

MAgtos wazauladnuisely
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ANENATY: MDASHUTITE, N1TFUNITADY, UNLTEUUBISODINA

Abstract

This research aimed to investigate the opinions of lecturers and air cadets regarding the
teaching and learning model of the smart classroom system. The collected data were analyzed and
used to design a smart classroom system for teaching and learning to enhance the potential of air
cadets. The sample group consisted of 69 lecturers and 112 air cadets.

The study found that a tiered classroom layout is suitable for large classrooms, while group
seating arrangements are more appropriate for smaller classrooms. However, in the field of Social
Sciences, it was found that classroom layout had no impact on learning in small classrooms, whereas
in Mathematics, the layout was perceived to have no effect on learning in large classrooms. Regarding
classroom structure, multiple interconnected classrooms were found to be suitable for large classes,
while independent classroom setups were more appropriate for small classes. Nonetheless,
Mathematics lecturers believed that classroom structure did not affect learning performance, regardless
of classroom size. Most lecturers and air cadets agreed that a blended learning approach was
preferable. However, air cadets in the Social Sciences placed more importance on learner-centered
teaching methods. In terms of essential skills, both instructors and air cadets considered digital
technology proficiency to be the most important. In contrast, for the Humanities, communication skills
were deemed more critical than technological skills. As for hardware, the most essential components
identified were a reliable internet network and wireless microphones. In terms of software, both
lecturers and air cadets agreed on the need for subject-specific programs and interactive learning
software. Additionally, there was a strong demand for systems integrated with cloud services, especially

in the Humanities and Social Sciences.

Keywords: Smart Classroom, Teaching and Learning, Air Cadet
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Abstract

A survey conducted during the academic years 2018-2021 found that 13 cadets from the
Royal Thai Air Force Academy suffered from severe heat-related illnesses. As a result, the supervisor
of the Commander Ready course for the academic year 2022 prioritized addressing heat-related
injuries among cadets, implementing a policy that stated: “There must be no heat-related injuries
during the training of pre-cadet students transitioning into air cadets.” To address this issue, the
research team recognized the need to develop a device capable of measuring temperature, relative
humidity, heat index, and dust concentration. The device should display real-time data via the
internet and provide alerts and recommendations to those responsible for training, based on
criteria from the U.S. Army Public Health Command (USAPHC) and the Thai Society of Toxicology.
The proposed support device was developed using an ESP32 controller, a DHT22 sensor for
temperature and humidity, a PMS5003 sensor for dust concentration, an online display system that
operates without a central server, and a notification system through Line Notify. Testing by 22

training supervisors and instructors showed a satisfaction rate of 86% for the prototype device.

Keywords: Weather Alert System, Heat-Related Illnesses, Air Cadet Training, Training Support Device, loT
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nsutniSeuueiseaniasnemszesd suiansinvemtheanigia lngssuuiiauduilingussasdiie
PwfinnusarUssluanimeiniALuussalng dmsuiiuseansnimuazainuvasasielunisin

3. nqufiieados
3.1 auiou

au¥ou (Heat Exhaustion) 1 un1agiiinainnisdudaeiniadousus1nduszezinaiuiy
Tnsianzogidluanminndoniifigumgiuarenutugs Ssdmaligamadsameniutu nalnvesiune
wlulngidiunmsinaieweadenlusimiuiiossuiearudouinunsduie egslsfinnn malalsl
ansaguindenldifismeiiesesiuiimnudoinisvesssuulvaioulafnilugaionis nduie was
auos o1vdsaliAenluidissaedliifivane mnogluniziidunaiun orviliAnensuthin vumad
vioduanilosnnauesineendiou

vl 41' v

yaranianudssgeran1izanseu laun gflennisimilesdis §iauasusess gudlsafeafiy

Y 9
= -]

anuduladin gadmdniiunae siufsyarailiduiuiuniseenmdmevieriauluaninwindeuid
21NIATOUKATANT LAY UBNIINT N1sgayderuasindeusiiunanisluiunauntaelilasuaisin

o w A

yantagafisme o191ilugn1aguneti (Dehydration) Safuilafddyfidmaliiemeliiansaauny
gaunnilaegneliusednsnm

wonanAMraNseuwds annzenaiiseudadanunsaneliiine1n1sdy o Aieades 1wy au
uan (Heat Stroke), ngA3191nANS0U (Heat Cramps), NA50u (Heat Rash) wazRinisludunn (Sunburn)
Fedudutadofidmansznusieguniniazanssanmvesyanafidosinunielindesluaniwiindends
IPRHERIGN

3.2 auiiauiou

Faud w.el. 2530 Lusuan fvsnumsiiutisvemmsidifunisinidessuanilsemelais
11 15 ssed uazdrulngnulummsidnfunsiinlundadl 1 FadunistindlSudusduiounguniay
vomnT uazdinufummsflegmieaulunianans sl naugnleinelfssyiaunasinginoniaseul

]
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7l 35.0-39.9 pemuvaLToa uazmNgUMATaugsRaLs 40 ssaneaduaiull dadndueiniafeudn g
vindsiauumeslufinesiliaunsnuenaruiousivld Fesgauduluannmamugiulude Tsduma
Tidn1sfieny Auliauiou (Heat Index)

fadaudou Aegamgiifuywdisianldinasiuoniafouduedlsiogumgifvnglu
yztuduuls ﬁwﬁ%ﬁm’m%faulﬁmmm'iﬁ’]Lmﬂ'wqquﬁmaammﬂﬁmaﬁmiﬁﬁqLLazmm%uﬁmﬁmé
yesMAIINsIAssim A usuuresguvnfinsanld fegratu meslufinesingamndle 38
osrnwaLdea AuTudins 60% Waifisurnainaissiriaruouniunsed 1 agldinduneasidn
wileusglugauuail 56 ssmwaldoa Sseglunnidesgeiiozinenmsuiniuressienield [3]

nanmenadagiuiiinaudsullaiesdwalifiAnannzlsnaniou nsuuwmgnmsunis
Fadsandviinnuieuninnsugaionive) wagivuassdyaraddmiunsiinufod aumaed 2 wag 3
adludszmeruuzihnistdosiu hseds wazmsUgumeruianmsidutasainauseulul 2563 [4]

M19199 1 uruniifvilanusoun1ue19849n National Weather Service (NWS)

ANUBU gaumngdl (°C)
duWns(%) 21 24 27 29 32 35 38 41 43 46 49

0 18 21 23 26 28 31 33 35 37 39 42
10 18 21 24 27 29 32 35 38 41 44 4y
20 19 22 25 128 31 34 37 41 44
30 19 23 26 [ 29 32 36 40 45
a0 20 23 26 | 30 34 38 43
50 21 24 21 31 36 42 49
60 21 24 28 32 38 46
70 21 25 129 34 41 51

80 22 26 | 30 36 45
90 22 26 | 31 39 50
100 22 21 33 42

- ANILFLIG
Aanssussezeausatluglinauiou

faNssusEEzeMBIARnANUItoYaN
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A5199 2 NsInsIdIM dmsunisinnsivd

fuss  ardaonudeou  Usanannan  waiinlu 1 9alus

(esrnwaides)  (Bns/talaa) (W)
59U Uesnin1 27  0819UBY 12 anS 50
59387 27-32  881Uey ¥ AnS 50
SNUBLE 33 - 39 pUNUoY 1 8nS a5
5IUAS 40 - 51 pe9tley 1 ans 30
59011 1NN 51 pgelley 1 ang 20

M19197 3 dylanuseununsugniisuinel nieudsdyyansin

Usavwie 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
40-44 127 28 29 30 31 32 34 35
45-49 127 28 29 30 32 33 35 37 54
50-54 127 28 30 31 33 34 36 38 55 58
55-59 128 29 30 32 34 36 38 59 62

- 60-64 28 29 31 33 35 37 63 67
Z% 65-69 1 29 30 32 34 36 67 712
S

wg  (0-74729 31 33 35 38 72 17
§ 75-79 129 31 34 36 77 83

80-84 130 32 35 38 83 89

85-89 130 33 39 88 95 102
90-94 1 31 34 95 102 109
9599 131 35 101 109 117
100 132 36 100 108 116 125

4. n5AHUNISIY

4.1 Anwdymuazauidediieadoas

nmsAnvneuntil wuinmsihwelulad oT sszgndldlunmstaugUnsaiudaifeunnzau
SouannmntisanmdssnanimeimasoussianFinld Tegunsaldnanfinsaniaadomeen wu
RRIVEH wazardy yudsiladenielu wu dellinanme msldasando LLazmwﬁUﬁwéa%’wmﬁﬁﬂ [5-7]
oslsfinm gunsalgurouniddeddnluvansdu liud Tedriasumdsnuildonilddiia amilslazaaniy
MsvuEne wasdunuiige Anz3dedaiud denalunsfauuas sl Unsallifimnumanyauuasd
UseAvBnmgeu lemouauaswieuunmisiiniidesnsanundesst erusiuglumaudafiou uaemsldaud
AvmnBaTy

o o
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4.2 fnwuazeanuuuaniauls

Az Idedenldueialulasneulvsaiass ESP32 iuunannesundnlunisiaun lnevieu
33U AM2302 (DHT22) 6‘?5&Li‘]uéfﬁuﬁmqmmﬁuazmm%u’tummﬂ [8] AifiAnuanansalunsnusioany
omA¥ouuarBuldR uonand 8614 PMS5003 Fadushiuinmadueyniaduarossuunidn [9] fanunse
Taanduazeadnviuastluoinialalugig PM1.0 §3 PM10

Wetfinszavsamlunisuanina auzgidelsh LED ws2812 dadunoga LED flanunsauand
Feauanden 24 On wilFudusruy venaind Weltaunsannmuarldouldaznin Sseenuuuls
szuUlimdanuanuunnes 18650 $1uau 2 feu MeaziBeavesinasuazaunsaifunuuuanslilusui 1

AM2302

=

PMS5003

JUT 1 (§1e) Areas (na19) gunsalsuluy (1) 39asnely

4.3 W lusunsy

913U 2 nsoumsvhauresszuy wsesniu 2 dwmdn Tfun daunssuaraindiuiuay
\Fousiegiudeya wazdrunsuansua [10, 11] Tnsanzgideidenld Google Sheets [12] Wugrudoyandn
Tunsdaftudeyaaninennia uagld Line Notify [13] dmsunisudaitoutoyadidyundldau uonaind
55uudld DriveToweb Juunannesunaninar i vlaglidaslduitneg nsyuiunisvinueesssuy
Suduain nsilieusie WiFi K1y WiFi Manager wé’amnﬁéfﬁui (1WULYS) VNN1T8TUAINIEBINTA LU
ol ANudy wazAuavees vasalulasmeulnsaiaes ESP32 agvinsdedoyaluss Google Sheets
diodaiiv andussuuazudaieuriu Line Notify IudgfAsados uasdayaidmfuliazgminlld
LARINAHTY DriveToWeb Tuguuvuuasueinooulal eliaunsadnnuuazussifiuaniunisalldedis

a a

dxanwaziusEansnw
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1
DOriveToweb

- LI =

Google drive

ereeal
SEREE.

Serverless Web Hosting

WiFiManager

Oy = Ty
N .
Gob e a— E —
[ e ]
daudlouste WiF Google sheets

5UN 2 nsaunsviausEuL (System Framework)

4.3.1 MslUsunIUu ESP32
o AdeiannTusunsalagldniw C ity Arduino IDE dadszneuseassiladdundn leun
setup() dmsurmunARady WU n15iT euse WiFi n3RaALaan wazn1silaldeauddsus wag loopl)
dusunsvihnundniidnegiseides 1y M33UA191nFITUY MIviana mMsdnaAady mstudin
UayaasgIuloya Google Sheets warN1TEUILAOUNIY Line
4.3.2 M3\¥ouse Google Sheets way Line
AugyITgldanuaiusaves awn C lunisdsdoyaniu URL $7uiUn153Ans Google
Sheets Ag Google Script waglduaga WiFiClientSecure dmsunsilieusiadiu Line Notify Tnenszuiunis
fanangnandunisluiladu loop) Swhaudegnsaiiles iedsleyauasudafoumuiisinua Fauang
siaitonlugui 3

]
v o
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DECLARE GOOGLE_SCRIPT_ID, root_ca, LINE_TOKEN as constants

FUNCTION loop():
SET datasend TO formatted string containing: Temperature, Humidity, Air quality
CALL sendData(datasend)
SET message TO formatted string containing: Current time, Temperature, Humidity
CALL Line_Notify(message)

FUNCTION sendData(params):
INITIALIZE HTTPClient FROM GOOGLE_SCRIPT_ID and params

EXECUTE HTTP GET request

FUNCTION Line_Notify(message):
INITIALIZE WiFiClientSecure named client
CONNECT to notify-api.line.me on port 443
SET message TO HTTP request formatted string using LINE_TOKEN:

CREATE HTTP request with message

UM 3 Tandiumanlunisiteusie Google Sheets wa Line

4.3.3 nseuAanmsuiuazdsdoyaasiniulugiudeya

o

Aafu AM2302 (DHT22) lalfidnivuasududmiuanudluniseudeya lurugndiius

3
PMS5003 fanafidasulunissudayadinn 4 1 3und egslsfinu annismanesdstoyaniaiuivans
rinua3etne Wikl ludsgudeya Google Sheets wuinssarinisetuuazdstoyalunn 1 1 Juridwmals
Aadaymvaneusenis Wun anuldasiivesefienuld anulddenuszauvesdumeniseuasenine
U3 warAnuatIInNnsrUIuNslisuteyaadlu Google Sheets

dofinsandedindaingnn auzdidelivinsusulsanssuumseuiazudaiioutoya Tne
Milafls gUuuUnsudadeuvessruundadeululsimeuiadieidsusnis fadulsmeuialudsdie
nesvmunfitunumddglunsliuinmemenisumduazatiuayunsianams lnglsmeruiadananls
fimun insesudaieusulinudousuuuy Famuslifimsudadiounn q 1 9l eglsAnm andeyalu
M9197 3 Banansfuianudoununsugnioningwasdsadymnsiln wui szoginwesmandaden

nn 1 Plwenvldiuhsiiseainisuimduananineiniadeu weliszuvaunsahaunevauswoann
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omenuuiialysl wazifindszansamlunisudaiou auzdifedauimenseuteyavesiniuiidu
9 1 uii uazieyadilalutisia 10 i indnaredsiewhluuanmatazuiaiountu Line
Notify n15USuUsadsnavaeiinanuusiug) ananuulsusiuvestoya wazatuayunisdndulaves
deuaumsiinlianansaduunsidogiavnzauuazsiuna duandugui 4

A B G D E ; G
1 Date Time Temperature Humidity Heatindex Pm25 Pm10 5C_|;|C Monitors: [ACHC u]

628 6/26/2023 21:47-11 267 353 26.45 8 =6 s [7=07=2022 S0 201

620 6/25/2023 21:25:22 277 41.4 27.5 10 10

60 £/26/2023 21:26:03 278 427 2767 7

631 B/25/2023 21:35:56 3145 45,11 31.12 a 1 Arliausouriih : 31.84 °C

632 6/25/2023 21:45:53 32.75 4058 31.98 13 15 N fouuni - virfignssuld 40 it
j ¥in 20 UH Axdn 750 ml @a zu.

6 /2512023 21:55:53 33.26 38.95 3234 14 16

634 8/25/2023 22:05:53 33.42 38.91 325 13 14 Fiju PM 2.5 : 8 pg/m?

8 6/26/2023 22:15:53 33.89 30.98 33.03 1 13 dauuzii : sansavifenssula

630 6/25/2023 22:25:53 33.42 40.79 32.7 10 11 .

637 71712023 0:06:01 269 36.1 25,49 1 AU PM 10 : 8 ug/m? "

PAUUEUN ﬂ']N’T‘iﬂH’]ﬂaﬂ‘iTN‘lﬂ
648 71742023 9:06:33 26.1 35.1 25 68 1
717/2023 9:16:34 217 a3 27.02 2 {

640 71172023 9:17:47 218 32 27.04 2 ACHC Monitors: [ACHC u]

041 71712023 9:27:19 30.92 33.66 29.93 1 Fufi-1an 117-07-2023 13:12:51

642 TA7/2023 9:28:24 278 33 27.09 2

643 711742023 12:42:48 28 29 27.05 12 1

044 71702023 12:48:22 281 30.7 27.2 " 1 ArliAusoumianu : 33.01°C

B4 7117/2023 12:49:31 278 30 26.95 8 daunsii : vifanaanla 40 wii

o4t 7117/2023 12:51:36 27.2 446 27.27 9 1 ¥n 20wl fiand 1L o a1,

647 ?11?12023 12:62:56 28 46 28.11 6 : éifu PM 2.5 : 10 pgfm?

64t 71712023 13:02:51 31.81 48.84 31.84 8 Fauunii : aansarfanssula

040 772023 13:12:51 33.02 47.63 33.01 10 10

' 71712023 13:22:50 33.21 47.35 33.19 i i fdu PM 10 : 10 pg/m* :

651 7/17/2023 13:32:50 33.23 45.83 33.15 " 12 douuni : dnsmifionsTuli

U7 4 Fayaiiiulu Google Sheets uazn1suansnanu Line Notify

4.4 WAIUNTEUULAAINALAZLIBADUANINDINA
AniggAdoueaiiudymeanisuannaliissegdlnogimils Tseenuuunisuannasoniiu 3
sUsuu o nswanananudyayada LED a‘fm%’uyﬂﬂaﬁa%ﬂw%nmmiﬂﬂ NMLARADUNIU Line Notify
dm3uasiin uaznsuananasin Dashboard videriuleddmiugdsdutyywiedaulavialy ausud 5

ACHC Monitors: [ACHC u]
Jun-an :17-07-2023 13:02:51

Arlimusauminhy : 31.84 °C ‘ ot \
dauuzi - vifisnssula 40 i

M in 20 uni fanin 750 mi da .

4645
Humidiy (%)

A16u PM 2.5 : 8 ug/m*

dauusiin : Sansavitnanssula / 4\\\
@1elu PM 10 : 8 pg/m? 3 1 3 \
dauuzit : sansavihfianssula e

9
PM 10 (ugim?)

JUN 5 Msuanaralugukuuseg

]
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4.5 Negdauuszansnn

Ya

AzgIdulandunisvegeunislidaugunsalseninanisiinaimauiy a lsaseuueisesnie
uflunn¥nionsae laeli A sadestunsinvesiniFouueisoeniminnisusziiunisviauaes
i3eata wiouasusmarwAniuiioldlunsusuusaasimungunsalliimnzauuasasaiuau
ABIN15704 15N UNalsaTEUNIEEe N AUITUNNYRTENTINY

Tunisuszifiuanufisnele auzdidelduuuasunuiidnsdaninsiauuuaiAsy (Likert Scale)
5 szitu Tneflnasinisliazuuudeiolud

451-500 vaneds sefumnufianelaluseduanniign

351-4.50  wee szauanuiianelaluseduin

251-350 weie szauanuitanelaluseduiiunans

151 -250  vu18de seeuanuieanelalusyaullae

1.00 - 1.50  visneds seauauianalalusyiulesiign
nansUseiiuazgnin il lutoyad Ay lunsusulsessuy wisiiindseansnmuesgunsall

novauawalaiuALarANfBIN1TVRIlTUluLS UNYRINSHnTnSsuwBT e N AR 1NN aY

5. NaN1539¢

MnningUsrasdvesnuidsiysianssuunnainaninoinafeatuayuaisiafinvesnsutiniFeu
weieomasnymszesdlaziianzia IneifunisinnuuazUssiduanimenniauuuiisalnd e
WaszAnsnmuazauaendelumsiin msUszliunadi3evesnuideanunsautsesnidu 2 sUuuundn
o

5.1 anudnsalunmsiaungunsal

L3 =

vofalulasnoulnsians ESP32 Wuvednfisesiunisidouse WiFi Tuuinsgiu 802.11 b/g/n
anzf3dtldnsuassdygranniorisaninsdmidofieiieltlunisdsiniiewlsandsusludiguteya
Google sheet Hamsdsteyatiulusgresuiunuunggiu WiFi fanan wiidosandsuiiinisiauagds
Foyanasaian vilvimildfinuulsusiu dwasonsuusanuvineg aueidedddnsiadeludism
10 WI¥l HeULAAIKA

5.2 anuiawalavaeyldanu

Mnmsnaseunsitaugunsaluazneudemaiuisifuanuianelavesyilifsidesiunsin
faiSsuuei3eninia ludiuvesnsudnidsuunaifeeiniasnumseesd $1uIu 22 Au edsznaude
WIENMITHAIVANNNTINNITAN (5B TIAUNTNIUTNISEULEIT0RINASNENTLRIA) UIBNINTAIUANNTT
Anludiuvesidama (sdulyvnesios 2 newiudl 5 nsuiniSeuuneiFosnainymszesd) uazasin
fdana (InFeuueFesmatudil 4) $1umu 20 Ay 9nsedt 4 wud AnedssyiumLfianelaseg
il 4.3 Andudesas 86 FadleuvamumnenunusiuasIauuuaIAsY (Likert Scale) ansnsaaguldn
4

douiszauanuiianelasgluseduin
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M19199 4 nan1sUszdiuauianelavesfiieites

aau Uszihuanu Anade  daudesuuninsgiu

1 enuwmungaulunisesniuy 4.32 0.65
2 anuunzanlun1sineainlsnaunige 4.18 0.85
3 AnUUNzANYRINITlEIu 4.23 0.69
4 duseulunsldiuiinruhemnzausdenisin 4.23 0.75
5 awsoldnulansmnuinguszad 4.36 0.66
6  Fanamsinamugauiunislesiulsraniou 4.27 0.70
7 @nsaudnsNalaeg ety 4.45 0.67
8 sosumsAsuuialdon 4.23 0.75
9 freasdymnisuiauiiiaainanueu 4.45 0.67
10 Gdsunsiinutyiddanntu 4.23 0.75

394 4.30 0.71

5.3 aAUsuNa
NansVAaBsiaenndaiuuIsEneuntAeafunisly Internet of Things (IoT) lunsiany
anneniAkazudnfiounvaniou lnsanddeneuntnliwanslimiuissslevivensldfsuisaudu
wnannesuAaIRluNsTuintoyauazLILiou wilidad1inau waenu nsvudie uagduu Auvidela
ihdadumariuusuuglissuuiinauduamsaldouldasantu anniselunisiiagds wagsessunis
yheuwuuBealvdfiinuusiugnny
whhssuuiianturanusaauasuiaieuanmeormaldessdiussansam uidnadidosnia
veUsensiidesiamnfinfudiedivanunatios aruudug wavarazantunisldou tdud anuates

YBIUATBYIY WiFi WH1UY099UNTA! LAEN1TAIAITIIAINITEU

6. a5

vdansduiunsiianeyt Anw eenuuuLazNAgeugUnsaiTiaieieiIiUY wnnaas lunsdstoya
QaUUNAUALARY PM2.5 ﬂmsQ’%%ﬂlé’@i’%ﬁumﬁﬁa‘luLwiazﬁz"?umau”lum'ﬁﬁwmasmazL%&Jm wazunUeymising
7 Anuszrinnsiuiunside Lﬁanﬂ%umauLa%ﬂgu ANz lAIIN1TATUNAKAZ BT UNENTINUAT VDY
gunsnidlddeasuingunsniannsnduasfaardeyagamgduazariu PM2.5 dlussduiiduinn annsnan
Anutdouvestoyailaifieutumagranusenuasdyynssuuuidld faavaumsfindlaldieuarl
Antlamiudefimadsugeuaumsin fyluuunuanmafiasny stedaiifanuanansofisdumn

PNALFeanIadetayantlatngy Femaulandiunisnevausiaiudeinisvesdsduiyulunisvmsu
LUINNNSRNENGY

]
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7. UoLduaMUL

sruvudaieunaninaaninoinia dmdunisiindniSouusiioninia Tasldseun loT di8ussuu
sunvuiieliiAanisthauinmsdeulusunsy saufunisdnnisensauad tlugmswamndesensy loT
Auziiteidaiauauuzuasuumsdmiumsiannsesondail

7.1 msUsudgstuneuntsiaadonda Access Point Iazainuazdnedu wiounnaouszezmng
Foudogeannudaditnvosuasa ESP32 (50-200 was) sauvisUszifiuanugndeswasiaduidienis
Wisuiiguand ldaindasuviadertuluraisdunds uagdudunsaeuifisuiugunsaluinsgiu
TnsuanwwaluguuuumnaiieuansinnuwiviuasAradonuunasgulitaey

7.2 AseenuuuNsMaassfiuiiiieUssiliulsyansamnsldndsen szosnaiivinzasluniseny
Auazidafiou uasnmasnunAadsfivmnzauiunsldnusidussesen wieuksdafudoyaadasiuu
fuiniduneunazvdanisldgunsal edieevinansenulunisandmsinsuindu Tasfinnsaniadesis o
U anmkInden dnvarnnsiln wazunsnsEsud

7.3 \ilesannuein ESP32 sesuiiuildvainmaneussiam Jsaunsasteseniduszuu loT Tuguiuy
dulst Tneensfinisussifiuannngugldauads uazdiBermganvainvansansn 1wy sumalulad loT wag
sruunfadiou elilddaimuouusisoudu tlugmatannssudlihnessuwasannmgedty
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Abstract
This research aimed to develop an IT competency assessment system for fifth-year ctass
Air Cadets, implemented as a web application using ASP.NET technology and Microsoft Access
database. The system consisted of two main components: the administrator module and the

student module. The development followed the Waterfall Model approach. After development,
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the system was tested over a period of 8 years, from 2017 to 2024. The system was then evaluated
in two parts: First, by IT experts, who rated it with an average score of 3.75 and a standard deviation
of 0.57. Second, by 765 users, chosen through a purposive sampling method, who rated it with an
average score of 3.60 and a standard deviation of 0.46. These results indicated that the system’s

performance was considered to be at a good level.

Keywords: Information Technology Competency, Evaluation System, Web Application, Waterfall

Model, ASP.NET, Air Cadet
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O . TuTasd (Microwave)
Ud. vdagais (Cellular)
3. Microsoft Excel avsdnofavtas $B5 wunaauinaewls
O a, unrrsiradiminadt
O b. umaadnadninlounlas
O . umaldounlaanadninei
2 d. sryumiuasnaduilignsias
4. gavhivwrdailsata launldsunsarls
O a, Tuiasgavhvitdnige
O b, Wiesgavbiise
O e, iasvarvivnadiaus
C d, Tuiaswavhivanius
5. pnsnsTun TR uRsE Y IEEE 802.11b Tauldndusiiudlutule
Ca, 2.4 GHz
h. 3 GHz
e 5GHz
O d. 3.5 GHz

Save

5UN 12 wanwmtivensvitesaeuvestinbey

5. NaN1539¢

Igvhnsuszfiupnufiowelalasuennisussfiudu 2 wuu fie Ussliussuulaedideavngy wavUsadu
Anufianalavaldan n1sussiiuldinnsiauuuii@sm 5 seau (Likert rating Scale) [9] Tnedlsngaziden
n5inkarnTLUanafnigen 2 Aweludl
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A15197 2 S19aLLDEAUINTIARUURLASY

32AU asulana
4.50 - 5.50 AN
3.50 - 4.49 A
2.50 - 3.49 woldf
1.50 - 2.49 oy
0.00 - 1.49 AITUTUUSS

lnen1susziiulaegetnaldiieina 5 iudsediussuulaeiinenisusediu 5 91U 79915199 3
o a o &
Plisensusziiv Aewialull

M19199 3 $1en15UTEEIUTTUUlR eI YeY

319N15UTAUTZUU Aady daudsauu wuana
INTFIY

1.ANUANNATUIIUYRITRYaTEUY 3.2 0.40 wold
2./UUsEANEANIUNTNDUEUB BT UY 4 0.89 A
3.AuANUUaANBUDITEUY 4.6 0.49 A
4.4uANUSUNSLERINATBISYUY 3.48 0.75 wold
5.AMUANNEILNUVDITTUY 3.48 0.40 wold

57U 3.75 0.57 A

wiuldidumslasafovesszuniinieds 4.6 uazdrudoauusasguegi 0.49 siidnnndign
ilesanldszuu Intranet meluvesnesiwerna dawuilldpziuuiosanie suanuesuiuvesdoyassuy
fdneduegil 3.2 wardrmdoauunasgiuegd 0.40 WesdoyamvwestniFeuusazavlunsvaasuenadl
fnifeunsdufanisomamsiilinnvausasdosinisaoumendslsiitoyadiuionaslimiiovly
avfinueniou ludusoun sensuszifiunnuianelavesldsuszuvangldaussuy 765 au
nUn19An 2560 — 2567 Fepaadt 4 Idvhmadennduiiegisuuuiangas fie dnifeuuedoainiea su
Ui 5 ynanwdnn

M19197 4 wanssensUssiuauianelavedldusruuandwInUsenIng 765 Au

s1en1sUsEiuanuNanalavesldeuszuy Aade Frudeauy wlana
NINTFIU
1ANUANNEIENNVDITEUY 2.81 0.39 AISUTUUTS
2 funsdaguiuuiiiedensldy 3.05 0.68 nold
3.A1UNTNDUAUBIYBITHUY 4.06 0.24 A
4.punNUazIndaR LTI 4.64 0.48 A
5.o1unNufianelalunmey 3.48 0.50 wold
53 3.60 0.46 nold

]
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wiiulsidhunwazaansogldnuiimazuuuadeuniign 4.64 wazdrudoauuinnsgiueyi 0.48
\dosannisesnuuuliiianudilanazinedenisldanlsfianudution uagsuanumenuvessyuy
fAnzuuuiade 2.81 uazdrnudoauunnsgiueei 039 Gedoutnadninsnudu o iewnanlailald css
lunseenuuuniiiuimsizdesnisldiivueundindurinuldegesniuazldinalunsinandoya

o w

Tileefiaadunisnovaussimindudfey

6. 9AUTIUNANTSIVY

nmsiteldmidunisaevaviaan 7 U daud T wa. 2560 - 2567 Taefinieudvhnismaaen
$1uan 765 au Taefiviavan 7 a1v1in Gwnnadl 5 wagnsnageusaen 7 U dulvedaSeuesiinaonin
Mszuuimnuaiosuaznuniusdenislday swduldiansenssdiuanufionelavesiidervnasy
STUU AzuNALRAY 3.75 wazdrmidonuunnsgiu 057 fodregluinasiin uludnvesenisusaidy
anuftanelavosldauszuu azuuudeds 3.60 uazdrudonuuinnsgiu 0.46 fedregluinasineld
waneissuudisailiunsiaudesenlvlamuauysaiely

M13199 5 UansElinnaaeuAsuAUnsANYY 2560 - 2567

- UnsAnu
A 2560 2561 2562 2563 2564 2565 2566 2567

NI INIFLIU (29.) 12 10 18 16 20 21 19 14
AmnssuaIedna (3n.) 8 8 10 8 15 16 14 10
Arnssulnd () 12 14 10 16 20 20 20 14
Arnssulesn (8. 8 8 8 8 12 10 10 7
IMNITUYREIMNIT (3U.) 10 8 18 8 20 20 20 18
ADUNINDS (AF.) 14 13 18 19 20 20 20 20
Tanenans (3n.) 8 8 8 8 15 10 10 8

334 12 69 90 83 123 124 113 91

7. d@gUna

ANNISHAILITLUUUSZEIUAINNANN TN A TaUIAd S U NS suweis oo n At udn 5 Tu Wuld

AUANUADINITNLTUTEUUIBIT09INALITUNNERTEITT1Y FoensuaznaulandiifussuuinueinunIn
nsfnwImNIngUsrasAresnuideniaely ulinezdidedrdanisinumiuaiissvesszuudumesidauan

annsaldlulunaasuiiniSsuueseanialadusdem

8. UaLauauuL

a o

aluewianauddeilinisdesenanansaiudsludiuvesnsieneideyadeaauininnisasy tive

Y

AAS1EINTadauLfazdaiinnuaendetarisnunatunisisunlaseldlueuian
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Abstract

The coffee beverage industry has proliferated across Thailand, leading to intense
competition. To attract customers, businesses have invested in aesthetically pleasing spaces,
amenities, and affordable prices. However, another crucial factor is the roasting of coffee beans to
achieve the right aroma, which directly influences the taste. Various methods have been developed
for roasting coffee beans to obtain a harmonious flavor profile. Gas chromatography is a popular
technique for analyzing the volatile organic compounds produced during roasting, but it requires
specialized expertise and is costly, making it unsuitable for small-scale businesses. This research
aimed to develop a technique for measuring volatile compounds from roasted coffee beans
(Arabica, Robusta and Civet coffee) using portable air quality device. This would enable small-scale
businesses to develop and assess the quality of their coffee beans as needed. A comparison of
quantitative analysis results between the portable air quality monitor and gas chromatography

revealed a correlation coefficient (R2) of 0.9792.

Keywords: Volatile Organic Compounds Measurement, Coffee Bean Roasting, Coffee Aroma,

Quantitative Analysis, Portable Air Quality Device

1. UNI

= a A A v a Y a ' A & A A aa A ot
nuwrduesesnuiilasuanudeunnguilanegiwnn Weindunienuiddiunauvaanmduds
3gaongnaNnsAulsTam vlinendainaunuiaunsotuinnusenieiunsedulsunmuglalagl
$dnda Snvaludaguuimswannaeiudwdaniu nssuislunisndniielisand ndu wazdunauln
MOUAUBIANABINTITHUIINANINTL Fadamalimnausl w.a. 2542 fdnsudsdunisdseanudaniunluusiay
nilnaaalangsdis 6,828 AlanTuuavasluegasaiilod [1] unaghUsznaunisaziinssuitianizlunisan
< =~ v A a % a I o o A ' a Y]
waan s lmuaanuiiinduneudenduresnwiidutadundnndmanesauaveaniui [2] lngn15ea
WAANINAEH 3 526U LAKA N1SATTLAUDIU ATLAUNANT BWATAITEAUY FIhAasTeAuraInIsAlald
aal ' Y] | vy . a ' a A g
sreratazuuadnuans19iy dwaliudaniunuaneean (Cracking) waziinisuanudeenauiidu
) ¢ o < a a a a ¢ ' . . '
AT NBALANIZAIVDUUAANTUNT LA AIINAITOUNT 8 52LnBd18 (Volatile Organic Compounds) L4
Polyphenols, Amino Acids, Caffeine wagdiuiasnauneu 1wy d-vinylguaiacol, Guaiacol, Phenol, Indol,
Furfural, Phenylacetaldehyde Methanethiol, 2-methylfuran Pyridine wa¥ Furfural lngszaziaailunis
wanaonvaalaaniuil (Cracking Time) 1ugwilianduuiniiga [3, 4] WesnwinmaImaaanIuw 13
nsinasszmeannIsrtianundaduddguseneunisliasasiae

lnsUagtumatianiedldlunsinssidmunmuasUsnnveasdunsdssmedowasiasemedy
(Semi Volatile Compound) Ae wAalasuilnnsafl (Gas Chromatography; GO) lnenann1s3tAs1ziues
wiatlafana 1z feUduius (Interaction) sewinanaile (Stationary Phase) fie ansiilASaunSoUTIYRE
neluaadui (Column) uazwlaiadoud (Mobile Phase) Aa lulanavuedansiing e (Analyte) [5, 6] wainae

]
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wsesile GC fnage dodldfidurmalunsienitazgeutigs Jehimnedugusznounsmluidonis
ATIvER UM ERRWIANANAUA LA IUIna W ST TNg
faduieTataumedanniieiemnyinasbunidemediefeieiodonuunnnvioiniasin
Aunme mAinsd e lluismarslunsinwnavesssaznaveimsmmadanunsensuanydes
nauvosudanun ioandunu aienmazmanlumsiingiz uardaasalituszneunissedesiifeanis

Wawnssuslun1sndanarnsrvaeununnNAuTsLUaAN LN aLiLyaA wNEUA

2. YAULUAIIUIRY

2.1 fhegmeiudiudnnuniivianiinged ein e1519M @ndmindesne) lsdad @ndmia
) uagdvean (nUszmadulaiide)

2.2 indesflodmivanainassmerdannmidaninsgsiinsd ool Wusdawuges
AII9IANTITNTE18UBILEAS LaLn 1) Air Quality Monitor ZYG-101 2) KKmoom Air Quality Detector wag
3) ATO-AIR-DM502 nﬂLﬂ%‘a\‘i:ﬁaﬁm Resolution = 0.001 mg/m? wag Accuracy = +0.03 mg/m?

2.3 Usinamstanvdesnau (mg/m?) Tunsdmdanuiduszazinan 50 wit Tasfinnsaaduiingng
5 Wil

2.4 UsnaunsUanddesniau (mg/m?) ‘Lumsﬁ"amﬁﬂmuw%mmﬁ 200 225 uag 250 °C

2.5 YsunansuanUdesnau (mg/m?) ‘Lumiﬁ"amﬁmmLLWﬁQﬂLﬁU%’ﬂMLﬂmwmm 148 uay 12
TR

2.6 Wisuiisunam A neideinaszriaadeildiedosdensiainnuninernasiannam ua
wAalasunnsiil

3. npuiiieados
3.1 yflavaaudaniun
nunilgesaneuguan Ae 91910 uaglsdasdi lnge1s1dnn (Coffea Arabica) Auiingin
wosleilly IsanAdudounariindunen ilesnnilesdusznaumaniiidudounin uasliviuniduos
nilstfasn (Coffea Canephora) dsiifufnidaainuenini axliisammdauazaundit uasiiusinuanmdugs
N1 g msugiiFesnisaunssUinasui (7, 8] uenaniidsiinuiFvzun (Civet Coffee) Fdldannya
Yaezun (Paradoxurus Hermaphroditus) fsaanfifuendnualuazdsinuns Wesaniinszuiunisudnd
Fudounariiviunnditn TnsnunderuntuAnnmsiveunagiunaniugnidily levlesllunssineves
yeunaztogonilouaziudonvesaniun wdeliudmdanunitlignges nduiafuyavsuniidiioge
nuvlegndvhAnuazetn A uasuaiiethinsaduniun Sanszuaumsiidmarossduszneumaniives
widnnu viliiAnsawAfduendnuel [9]
3.2 nszUUNTARLLERn I
mwé’wmmiwigﬂLuﬁmmLLWQﬂLﬁaﬁmmmwuazLLaﬂﬁaLLUaﬂﬂaauaaﬂ aglalundnsioua
wianundmiuiludseld Tasnsdudanulagdunislirudeundudaniu ieliiAauiisen
Inlsla@a (Pyrolysis) fis TdmnufoulUaansluanavesansdunid (mslulainse dona warlusiv) Tngladld
ufdeendiau waiild Ao assemedfivusluanavuindnas vieanslindu [10-12]
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UfASEnuaansa (Maillard Reaction) fie UfjAsesewineiima3aadds (Reducing Sugar) 1ty
thaadlne (Ketose) W3nlnat (Fructose) uag glasa (Sucrose) funsneziilu (Amino Acid) vaansusznau
Tulpsiaudugmelumdanuniliiotestueulslaeldmuseudususuiisewilhangina nau
wazzan At uendnuaiiameimenudaniuiiug lnedunounisiiaufasenueaindidd (U7 1)
1) ¥n1a3R9ds (Sugar Reducing) iluyfsenfiunmaglasasdaduny oedluldidulnaladaniu
(Glycosylamine) 2) UfAsenilawnstu (Dehydration) ﬁ’ﬂﬂ;ﬂuLaqa%@\‘ﬁj’mm‘l@@ﬂﬁ]’lﬂlﬂﬁiﬂ%ﬁ’]ﬁuﬂmEJL'T]u
58U (imines) ndudeiinisdadesumanalmiduasusenouezulad (Amadori Rearrangement) {luuea
Tawnilu (Aldosamine) 3o Alawnilu (Ketosamine) 3) UFAzendlulaiwdu (Enolization) Ao Uﬁﬁ%’]ﬁlﬂyj
lensenda (Hydroxyl) 19w fasenduluianaszunladvinlvivg Alaugnunuiisaovylensendaldidu
1,2-Eneaminol ﬁnﬂﬁ’luﬁqumaaﬂmaamglamaﬂ%aﬂmmﬂu 3-Deoxyhexosulose 4) UfjiTenilainsdu
I Bueyitusvesasusznounusu (Furan) Ae 5-hydroxymethyl-2-furaldehyde (HMF) Tng HMF 18uansdi
ansauiaUfAseweawelsd (Polymerization) Ifiluansuszneululasiuiifidthaailaiidh 3eliannse

avaeula [13, 14]

NHR H= NR CH,NHR
HC=0 | S :
C(H){OH cC=20
H(IZOH I{ )(OH) HCOH
. +RNH, HCIOH H,0 OH?H OH(IZH
N =
HEoH = OHCH = HCOH HCOH
H(IZOH HCOH HCOH HCOH
CH,0H H IOH CH,0H CH,OH
CH,OH N-Substituted
D-Glucose 1-amino-1-deoxy-D-fructose
- - +/
H,c — N H,c — N H{II=N~_,~ HC=0 HC=0
| Il |
c=0 EOH (IZIOH cl =0 lc =0 |
- | ,E l
|HOH |HOH ﬂ (IJH +£E) (lez }E)} ﬁH -H,0 HOH,¢” Yo~ “CHO
CHOH
C|H0H C|HOH [ CHOH ﬁHOH 5-Hydroxymethyl-
HOH HOH HOH HOH ﬁHOH 2-furaldehyde
CH,OH CH,OH CH,OH CH,OH CH,OH
Amadori 1,2-Eneaminol 2,3-Enol 3-Deoxyhexosulose

Ui 1 nalnmsifnufiesaandn (Maillard Reaction) [15, 16]

UfA31msuaalatedu (Caramelization) Ao UfAsewduiieaiulnlsladafiiniaylasauas
aslulawnsmaansiininanufeuduiimaluanaidnas nansusidiundsazluiuiisensunsnosiiu
(WiATonuaandn) Sndruviassudiudunedwes WAsemswualawd) dlvsaminne iy
Wi uazan) wagnaunnal [15-17)

3.3 msasizdanssziveluuaaniuv

Puvipirom, J. et al. [18] 3ias1gsianssuineiiadnarnudaniunlsvaivesinediniuniseu
15 Wil Aaggaunll 240 °C srewallauialasuilnnsil-uuaaalnsiuns (Gas-chromatography-mass
Spectrometry; GC-MS) HP-6890 Aasxil HP-Innowax 60 105 x 0.25 Tadwuns x 0.25 lulasiuns aaumgdl

]
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Sudfy 40 °C grumgiianyineg 220 °C Shsnmsifingamgdl 3 °C/min TagldBidemduuAadm sasnisiva
40 cm?/s wuansseine 52 vila taun ns1@u (Pyrazine) Wwsu (Furan) #uea (Phenol) tnslsa (Pyrrole)
Alau (Ketone) danlan (Aldehyde) 1udu

G. H. Lee. et al. [19] Bins1zvinduiildarnnisdaudanuisemaieutalasuinnsfifidouss
fugunsain1sau (Sniff Port) Ao Gas-Chromatgraphy-Olfactometry (GCO) Ingldfinanasuiin Flame
lonization Detector (FID) ﬁf'f'qmﬂﬁﬂﬁlﬁaﬂﬁz’fﬁﬁmmmﬁmﬁummm?{umLW\Immaaummu WUIIANT
seneTilindufidsmasanduniunldun 2,3-pentanedione waz 2-ethyl-3,5- Dimethylpyrazine ugu

4. n15aLdUN15398

4.1 nsAnwszazaanlunmsaaadanium
4.1.1 Fagdanunl 81579/ Tsadn uavdvrun sdnas 10 n3u adludninoduun 150 dadans
4.1.2 Andandesiionissaninisaamdanium (gﬂﬁ 2) Ineldiasosnauansazatenonliaiy
%o (Hotplate Stirrer) (MI0102003, Four E's Scientific, China) Tunisliaufeuuniudaniun nusdesile
dnsunsratnanssemevdannniniednines i ensiatavsuiunisvanuaoena ureaudaniuni
JLYLLIANNE
4.1.3 Wogumaiives Hotplate Stirer TufinAisulsnnniaiesilefinan 5-50 w1l
4.1.4 ¥insvesewlagldiesediodmiunsiatnansssmeniiannmn 1) Ar Quality Monitor ZYG-101
2) KKmoom Air Quality Detector Wag 3) ATO-AIR-DM502 Imaﬁwmsmmaaﬂuﬁm%ﬁﬁﬂ'ws‘gu 30-40 ug/m’
4.2 msAnwgamgiilunisAawdaniumiite 50 undl
4.2.1 Fagdanunl 815798 Tsadn uavdvrun sdnaz 10 n3 adudninoduunn 150 dadans
4.2.2 fndaadesiionssianinsdauEanium (3U7 2) Tngldf Hotplate Stirrer Tanauun
wdanun 1uadesdiodniunsaiaassameridannnmidednnes 5 wufuns dWensiatausunanis
Ua@ﬂdaaﬂﬁu%aﬂmﬁ@muﬂﬁzzamm&hq6‘]
4.2.3 Suiinendnanuiolsanniaiesiiofionmgil 200 225 uay 250 °C
4.2.4 ¥nsnaassdilaeldinieilodnsunsiataanssemeiiannwn 1) Air Quality Monitor
ZYG-101 2) KKmoom Air Quality Detector wag 3) ATO-AIR-DM502 Ingvnisuaasdluiesszuuladiden
Fuegluyae 30-40 pg/m’

A B C

A oA > Y
w3oalod mivATIia
MsTzmuriannn

o
waamul

Uil 2 msfndaedosdiensiiudanunlaeiniessiodmiunainanssemeniannm (A) Air Quality
Monitor ZYG-101 (B) KKmoom Air Quality Detector wag (C) ATO-AIR-DM502
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4.3 NM3ANYIITEZIAMSRUIBINAAN UMV aINN15A7

4.3.1 Fasdaniu e1519% Tatiad uazdvzan wfinay 10 n¥u adunvusUnainniouldaisgn
AT

4.3.2 \uwdanuniigaumaiviesfuszezina 1 4 8 uay 12 (e

4.3.3 fadan3osilontsiansnisdaudaniun (U7 2) Tagld Hotplate Stirer Tianufouud
wdanu Nuedesflodmiunainasszmeridannnmiednines 5 wufwnes ionsaiauTanums
UanUdesnauvesudaniuiiszezinainag

434 ﬁuﬁﬂmé’ﬁgmmﬁémﬁmﬂLﬂ%aﬁ@ﬁqmqﬁ 250 °C

4.3.5 vnsnaassdilaeldindeodmsunsiataansseesiiannw 1) Air Quality Monitor
ZYG-101 2) KKmoom Air Quality Detector wag 3) ATO-AIR-DM502 Ingvhnisuaasdluiesszuuladiden
Auagluyig 30-40 pg/m’

4.4 paSeuiisunanisiessiileUinassninanailaildieiasionsrainauaiweanaviia

WA wazufalasunlnnsi

4.4.1 Fasdaniu 01319/ 10 nfwadludninesvunn 150 fladans

4.4.2 fadan3vsiiontsiransnisdaudaniun (Ul 2) Tagld Hotplate Stirer Tiipufouud
wdan1ul 250 °C Wuszeziian 5-50 wail

4.4.3 thudanundidudanldlunvuzde

4.4.4 vhnszuendagnuunn 5 1addns gaansduvdssmeieiuinumiemdanium 3 lwufuns

4.4.6 datia3saufalasuilnnsfluuaaunnsiued UMS-T2006C) Aadutl ZB-WAX, 30 m x
0.18 mm, 0.18 mm gamgiliFusu 40 °C (3 min) gaumgiigaving 250 °C §ns1nsiiiugamil (Ramp Rate)
30 °C/min

5. NAN1539¢

5.1. szognalunsmiudanundigamgil 250 °C

TnnsAnwsTernatlunsiawdnniuneons i Tsvadn uardvzun faewe3es 1) Air Quality
Monitor ZYG-101 2) KKmoom Air Quality Detector wag 3) ATO-AIR-DM502 ﬁqmmﬁ 250°C szgziian
5-50 unil vigdaegsas 3 ade Idkan1amanesiamaned 1 uasdiothAnadsumanuduiusidadu
iwdwﬂ‘%mmmiﬂamﬂa’aEJﬂﬁuLLaxqmwgﬁiumsﬁmﬂé’waﬁqgﬂﬁ 3 wudrszoznalunIsAudnniu
91510/ Tstari wosdvruaudnfinnisanudesansdunidssmednogeiiande 35 30 uag 25 uni
muddy wianuniszunaslfnanlunisUanUdesasdunidssvedetioeiian esannsitluniawan
1ngaveszan lviudonvesmdaniuninumsgeslnsthdesvesrununound Jsredensunnd
Slolésumnuou

]
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A151991 1 AnadeUSinamsvantasenau (mg/m?) Tun1sAmbaniunesidnn Tsdam

\AT0IRTIVIAAMUNINDINTA TRl 250°C Sreziia 5-50 UM
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LATUVLUN AY

AnedgUsununsUanyasenau (mg/m?)

2137011 15U Yuzan
LIa1 Air KKmoom Air KKmoom Air KKmoom
Wi Quality Air ATO- Quality Air ATO- Quality Air ATO-
Monitor Quality AR Monitor Quality AR Monitor Quality AR
DM502 DM502 DM502
ZYG-101 Detector ZYG-101  Detector ZYG-101  Detector
0.058 0.033 0.078 0.288 0.302 0.298 0.299 0.302 0.238
+0.012 +0.013 +0.010 +0.010 +0.025 +0.018  +0.010 +0.004  +0.012
0.107 0.062 0.117 0.692 0.716 0.598 0.693 0.753 0.68
0 +0.005 +0.022 +0.016 +0.035 +0.023 +0.017  +0.013 +0.006  +0.016
0.061 0.087 0.129 0.571 0.217 0.778 0.605 0.478 0.758
15 +0.015 +0.016 +0.015 +0.004 +0.002 +0.018  +0.016 +0.006  +0.018
0.118 0.104 0.163 0.202 0.693 0.685 0.879 0.606 0.819
20 +0.007 +0.020 +0.014 +0.013 +0.003 +0.024  +0.014 +0.023  +0.029
0.126 0.188 0.197 0.085 0.479 0.613 4.431 3.953 4.478
= +0.011 +0.003 +0.018 +0.018 +0.019  +0.023  +0.007 +0.018  +0.035
0.198 0.269 0.349 6.011 6.567 6.234 4.403 4.213 4.443
%0 +0.016 +0.004  +0.005 +0.017 +0.017  +0.017  +0.009 +0.019 +0.47
3.462 4.398 4.422 0.685 0.758 0.774 4.214 4.136 4.704
» +0.016 +0.001 +0.014 +0.011 +0.004  +0.011  +0.024 +0.042  +0.035
4.387 4.427 4.262 0.404 0.399 0.426 4.367 4.232 4.541
0 +0.014 +0.019 +0.002 +0.015 +0.007  +0.011  +0.027 +0.018  +0.002
4.343 4.225 4.224 0.468 0.401 0.455 4.32 4.382 4.456
® +0.041 +0.020 +0.023 +0.004 +0.014  +0.018  +0.001 +0.053  +0.003
4.204 4.194 4.107 0.423 0.415 0.402 3.877 4.068 4.362
>0 +0.028 +0.014  +0.015 +0.003 +0.018 +0.025  +0.009 +0.047  +0.011
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a1 (uih)

JUT 3 nanslaseirdsnislanUaeenduveaudnniuil (me/m fAsseziarlunismauianiu

91919 15ad wardivzun 5-50 ufl sheriesnaiaganmennia 1) Air Quality Monitor ZYG-101
2) KKmoom Air Quality Detector wag 3) ATO-AIR-DM502 ﬁqmwgﬁ 250°C
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5.2. gauugiilunisdaudanium

NnnsAnravesgumgilunsiudanundisinasenisuanudesnau (mg/m?) vesiudaniun
9151971 TsUadn wasdvvan Wusvesaan 35 30 uay 25 Wil Auddu feedes 1) Air Quality Monitor
7YG-101 2) KKmoom Air Quality Detector uag 3) ATO-AIR-DM502 figaumgdl 100-250 °C yhandeg ey
3 At Idnansnaasafansned 2 uasilothAnadsumanuduiusidadussnituiuunmsanddos
nauuargunilumsdiagldadazul 4 wudh gumndlumsdamdanunensndin Tadad uasdvsanuda
\AannsuanUdesansdunidsemeinegedian Ae 200-250 °C Lilesndenveamdanusiuszneuluse
hanauazandlulawnsaiifnafiududiutszney uaziithegnielu Wedldsumiusounasitondmeney

= o

wYpIseani uazaamgiifyaiidonvesudaniuideanin ihiiiiendsiueanuvmmesUaewdanium

A15199 2 AadeUSinansUantasenau (mg/m?) lun1sAaumdaniunensiin Tsvan uasdveun
Juszeziaan 35 30 uay 25 Wil awuawiu gaumall 100-250°C Fei3eInTIVINAMAINDINA

RIVHE AafUsinunsUanUassnay (mg/m?)
(°0) 215797 TsUgf Jyzun
100 0.512+0.011 0.125+0.012 0.012+0.015
125 0.936+0.014 1.114+0.012 0.147+0.045
150 2.122+0.020 2.568+0.015 2.431+0.030
175 3.042+0.014 4.098+0.014 3.967+0.005
200 3.604+0.030 5.011+0.018 4.004+0.007
225 4.004+0.011 6.014+0.019 4.131+0.014
250 4.333+0.018 6.224+0.014 4.564+0.008
T
6 | ——USsmunsuanudesnau a1s1dfn
gg (528217871R15A7 35 WT)
S 5 .
E Ysumunrsuanuaaunau Tsuaan
'“g a4 J (5208199171507 30 W)
_% ) UsinaunsUanudasndu Suzun
§ 1 (53824981N13A7 25 UNTT)
§ 2
g | y
—
0 T f r T T
0 50 100 150 200 250 300

gamnd (°0)

g‘d‘ﬁ 4 namAnneviAiedenisUasUdesnaureandnniu (mg/m?) anmsimdnniu 81510/
Tstadn uazduzun Wuszezian 35 30 waz 25 U7 MUSITU FeLe3as 1) Air Quality Monitor ZYG-101
2) KKmoom Air Quality Detector wag 3) ATO-AIR-DM502 ﬁqmwﬂuﬁ 100-250 °C
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5.3. 3282381 UINPINEANUNAIENEINTTAT
nnsanwnsUandaeenduveudaniun 01519 lsda uazlivzun igniiusnwniends

nmsAuduseeziign 14 8 uay 12 1oy flelA3ed 1) Air Quality Monitor ZYG-101 2) KKmoom Air Quality
Detector kaz 3) ATO-AIR-DM502 1usseziaan 5-50 uil fieamgill 250 °C vigdeg ey 3 A3 et
ANLRA SN AMUFUNUS T dUTENI9USUNIUN1SUaAUaaNAULALLIAINITAUSABINENTINITAIUER

nuazlinadaguil 5 iesndafudaniuniidudndusseziaiu azvihliasdunidssmedeli

nauMaNYaINIEa18A7 LY

Yiununrsvanuaseniu (meg/m?)

5 6 5
915101 Air quality monitor ZYG-101 813701 KKmoom air quality detector 815101 ATO-AIR-DM502
5
4 { q
4
3 3
3
2 2
2
1 1 1 J
PR = N s o *— ——e— d —e—eo o
— P
0 0 0
0 10 20 30 40 50 0 10 20 30 40 50 60 o 10 20 30 a0 50 60
7 7
TsUid@n Air quality monitor ZYG-101 o | Wi . TsUsiein ATO-AIR-DM502
KKmoom air
5 ( 5
uality detector
. |9 i ]
/ 3 3
/ 2 H \ 2
2 1 / N \ 4
= N N R\ N e 3 I
- —* 0 0
[} 10 20 30 a0 50 o 10 20 30 a0 50 6 0 10 20 30 a0 50
& 5 M= 5 =
Yysun Uyzun Fyzua
Air quality - 4 | KKmoom air quality 4 ATO-AIR-DM502
monitor ZYG-101 detector
3 3
3 2
# 1 / 1
e e D i — D2 == _/'-_«— — e T
. o a o P

0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
-
a1 (W)

—=—0 \fiau ——1 iy 4 fau 8 ifou ——12 ifisu

=

sUf 5 nan1siagvaeiensuanUassnauvesudnniun (mg/m?) waanuwl 815191 TsUadn uay

e ©

'
a

Jyzun fignifusnunendanmsdnuszeziog 1, 4, 8 uaz 12 ey feia3ed 1) Air Quality Monitor
ZYG-101 2) KKmoom Air Quality Detector whag 3) ATO-AIR-DM502
Juszezian 5-50 Wil figamgil 250 °C

¢ a

5.4. W3guigunan13LAs1zilBsusuaszndnanaiiadi l4ias aslionsiadaaunineinia

FUANNNI hazhAaLATUNNNTIH

PNASANYINANITIATIERUSUINSUanUapend uvaaudnniunsledadesnne Taun 1)

1Y) I3 a 1Y) I3 ) 3 %
i%EJgL’Jaﬂuﬂ’]'iﬂﬁLiJa@ﬂ’lLLW 2) QEUMQ&JINFY]?WJL&J@@W]LLW wag 3) izamm”lumimmﬂmLuammm\lwm

N30 §IduasiionwanisvaaesibinisUanuaesnduiiunniigavesudaniwnensidnn lneiudoyai

STYLLIAINITAI 25 27 30 33 KAy 35 U9 1199910 Tud198199na 1T ANUAUNUS SerIN9USU1UnS

UanUdesnduuazinandudunss (gamgiilun1sms 250°C uazsvaziarlunisiusnendsdaudnniuwm 1

Wow) 1iasizrinasLAI e 1) Air Quality Monitor ZYG-101 2) KKmoom Air Quality Detector hag 3)

ATO-AIR-DM502 tilomaaasveslsunanisuanuassnauy (m59i 3)
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A13199 3 AadieUsinunisuanUaesnau (mg/m?) veauianiune1sdm lneiudeyaiiszeziianisd
25 27 30 33 uaz 35 Wi lgamall 250°C warszeziatlun1siusnymdsudaniu 1 Weou

AnagdsutunsUandaasnaun (mg/m?)

1381 Air quality KKmoom Air
- ATO-AIR- g
(W) Monitor ZYG- Quality ALARY
DM502
101 Detector
25 0.126 0.188 0.197 0.511+0.03
27 0.150 0.191 0.235 0.576+0.04
30 0.198 0.269 0.349 0.816+0.08
33 3.221 3.335 3.684 3.413+0.24
35 3.254 4.445 4.542 4.080+0.71

L4

LaLIAIIZIIPENATARAALATUINNSIA (GC-TOFMS AduY ZB-WAX 30 wns x 0.18 Jadiins

a

RaunQILsUAY 40 °C (3 w1W) s Nsiiitgaumail 30 °C/ANT uargamglgaying 250 °C (10 WD) (FUN 7)

Ingliansunsgruiieinusunandu 2-furanmethanol (Merck 97-99-8) fifn t = 7.22 w1l uaziiudeyad
J2EIAINIIARNEANIIN 25 27 30 33 uay 35 W

5.00

2-furanmethanol

2.50

Intensity (x10°)

PRI ST N T T N M1

VLo M | |

1 8 || Nonci oo pnd gy L WMo A

18 R e i s i e b
0 1 2 3 4 5 6

Retention time (min)

U 7 TesulnunsuitldanmsiiesginisUanddesnauveaudaniune1sdi sseznainisi 30 und
gamgdl 250°C uazszeznanlunsiivinvmvdedmdaniun 1 ifeu semaaufalasninns @l (GC-
TOFMS padul ZB-WAX 30 105 x 0.18 fadluns gaumaisusi 40 °C (3 w1l Shsinaiiiugumnd

30 °C/u¥ warguuQilanving 250 °C (10 W19)

MnMsveaemUIdRdunRiinturesAiadsnisuanUdesniy LLazﬁyuﬁyLéfﬁﬂmsmmgm
2-furanmethanol (7l t = 7.22) 3wt Wlufiemadenfuegnadideddny aniudainanisinszsiildann
\3esdiensaainnmuniwornavdannmuazimaiauialasunlunsiflanadia Correlation Plot wudn An R?
fndu 09792 fsgui 8
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12

8 i R?=0.9792

Intensity (x 107)

0

0.00 1.00 2.00 3.00 4.00 5.00

g‘d‘ﬁ 8 Correlation Plot 581114 Intensity ¥84@1511A5§11 2-furanmethanol Fifen t = 7.22 (Merck 97-

99-4) Aildantnszisemaiaufalasuiinns @ (GC-TOFMS Aadut] ZB-WAX 30 was x 0.18 fadiuns

gaumnfliFusiu 40 °C (3 unil) Sasmaifiugamgdl 30 °C/unit waggamniignying 250 °C (10 W) ) way
AadeUSinanisUanUaesnau (mg/m?) S2H2IAINTA 25 27 30 33 waz 35 Wil

6. d3U

MnanTieneideeiastionsatanunmeoniaiannriaausia stoznatlunisdasdaniu
01910 1A warlvwun Aunzauiignoglurag 25-30 wift mnifudnwiadaniulium Uinmnis
UanUaesnduazanas waziilotwanisvmaassnisuandassnauvesudnniunensidmlussuiisudu
wedaufalaslnns@l wud deiFeuifieuisassnaiindas Correlation Plot léie R 1 0.9792 uans
Tuinannsoldiedesilonsaaianuameinasdananilunisasiainununisanudesnauvesan
nuludowiuld Famngiuduilnaiidesnsdimdanundefiomiodusznaunmsnedesiidomis
mammm‘wLLazU%“Uﬁqaﬂiimiﬁiuﬂ15ﬁamémmuw

7. UarduanUL

WesandmsizsinisvanlasenauinlaainnisAuudanunluannzengg levinnisneasduioslani

¥ '
A ‘ﬂ

AnEll 30-40 pg/m? Aatiy mngusenaunsiinaiainuideillimihaueluussendld envdemanideaud
7y ndudvenuSuennia ndunenlyl wazndunievesimaaes s

8. AnAnIsNUTZNA

YOUAN 37 AR NAFM 919158V IAN AgINgIMans nanTaluvine1ds Naduayuln
Nnuideldniegan
9. LONEN591994
[1] oAw@ Fauunnd way Ldauns audan, “nsfinwdseansnmmisaeadudengdlossuimeauiuiudi
laannninnun,” 275875 nermansuazinaluladuigisooinia, OA 17, aUuq 2, ni1 69-78,

NINYIAL-UIAY, 2564.
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