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Abstract

Ransomware is the malware that uses the victim’s information as a hostage in exchange for paying the
ransom. It’s a very destructive threat today. With the development of changing styles from viruses to
trojans and worms and use new techniques to evade detection. It also uses encryption, confidentiality
technology, as a weapon to attack victims. It keep changing the pattern of spreading according to
technology and targeting from general users to organizations to increase the chances of getting more
ransom. This article aims to present the background, in-depth procedures of various ransomware,

and prevention to reduce the risk of loss of critical information.

Keywords: ransomware, malware, information security
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Abstract

Falls in elderly are causing problems to physical psychological and economy and their family. The
important step for fall prevention in older persons are assessing fall risk factors by using effective
tools which proven can predicting falls and groups of these patients and organization. The tools for
assessing fall risk factors in old persons are varied but the instruments in these mentioned are Morse
Fall Scale--MFS, The STRATIFY falls risk and The Hendrich Il fall risk Model. The comparison of tools
for assessment fall risk are fall Morse Fall Scale is most sensitivity but The Hendrich Il fall risk Model
is high sensitivity and Morse Fall Scale is in second sensitivity of fall tool. Considering for using these
three fall risk tools in aging nurses and healthcare personel have to concerning about Fall risk factors

in their unit because the three assessment tools are different focus on assessing fall risk factors.

Keywords: fall, fall risk tool, aging
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Morse Fall Scale--MFS

The STRATIFY falls risk

The Hendrich II fall
risk model
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Abstract

All nursing students are required to complete practical training in a number of subjects to complete
the Bachelor of Science degree in Nursing, where each practical training session, most nursing students
experience varying levels of stress depending on the basics. The perception and adaptability of each
nursing student Nursing students must learn and apply theoretical knowledge, apply it to real-world
situations, and work with a new multidisciplinary environment. Lack of experience in patient care, it
was found that the factors affecting the stress of nursing students in nursing student s’ training were
several aspects, namely knowledge and skills factors, health factors during the practice, job factors. As
assigned while practicing, environmental factors and supervisory factors, which when nursing students
are stressed by the above factors and unable to manage stress, it will affect Impact on students both
physically and mentally, family, educational institution and social impact. Be involved, there should
be methods or measures to promote, assist and support nursing students to manage stress and be

able to practice practical training.

Keywords: stress, nursing student, practice
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Abstract

The most important priority of any fligsht operations for passengers and cargo transportation, which
starts from the departure airport to the destination airport, is safety. Therefore, pre-flicht plans must
accurately plan before any flight operations. The crucial steps prioritize such as pre-flight planning
for takeoff and landing weight calculation. Normally, an aircraft’s weight performance for takeoff and
landing depends on several factors, such as runway length, surface condition, and runway density,
and the maximum load capacity according to the aircraft’s structure. Hence, this article will discuss
how to calculate the weight of B737-800 aircraft for takeoff and landing with a non-programmed
method from the aircraft manufacturer and a method using the results calculated from the aircraft
manufacturer’s program. These methods are considered by several factors that impede the aircraft
competency, for example, runway length limit weight, takeoff obstacles limit weight. Both methods
are consistent results. Nowadays, most airline companies use the calculation method from the aircraft
manufacturer’s program because it saves more time and provides high accuracy. However, the program
costs a high price. By this means, the program has been occasionally requested for services by many
airlines. On the other hand, unprogrammed calculations from the aircraft manufacturer are still
necessary in case there are some problems with changing some weight limit variables. Instead of
waiting for another program, flight operators are able to calculate it manually without any payment

for the service from the manufacturer’s program.

Keywords: pre-flight planning, flight operations, weight load planning
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performance pre-flight planning) Youiadesdud
aansnaziule meldteimunnginasifigndeuas
Uaamffa‘tummzﬁwmﬁq&ﬁuuaxﬁwmiaﬂgjamuﬁu
Jargne (Vongviwat, 2014) &9 Zhu, Wang, Chen
and Wu (2016) lénaniiinsistuazdeuaniy
PranafiduusidugieiignagfngtRveos Fel4E
ms’ié’faLﬁlmﬁ’umiﬁwmmﬁ:’mﬁﬂuii‘l@ﬂﬂ'ﬁ"‘iﬁuuaz
Jouanfioiiinanuvasadelasnisdiuaninn

vssynlagfiansaniedeiiinasoussansnmvosnis
%dﬁ'ﬁuLLazﬁauaaﬁasxé’ummqwaqmﬁqmﬁaszéﬁ’uﬁﬂ
nelaUUNAUAY N IVRIINIA UAHNNLIARDY
P390t uiardeuasiieududeunnniri i
tuluunaraAnmstaeiiinguszasdiinsuandisn
Sunnndmiinussyniievmsiduiasouasmugiie
mMsufvRnuvesiuszsmhiluenavendesiy
WU B737-800 UaganlusinsunsiuIaIngHan

o H o = ) a £
NIIATUIUUINUNUITVINLNBNINIFTINUYY (takeoff

performance calculation)

reunsufiRnstunnads thiudendnam
Srnensduagfonihnisiunininidu (takeoff
performance calculation) deonowinieadud
anunsoussynintinldgeaaiile Fond Maximum
Allowed Weight For Takeoff lngUnfaussaugnis
Suhninussnueaadosdudleuftinnsduuiseds
alslansnsuhmiinusmaifuthminussne
anssouriduilssnundnedosdutmualiiaueld
Filtuegfuliadevasesnausuusiagsambmin
vsTYn Wy Bwdndfeauaue1Imeie (field
length limited weight) dhwinsrfaanudsinvang
floglusumisuuredu (obstacle limited weight)
dmindfanusnsinisle (cimb limited weight)
1Judu (Civil Aviation Authority of New Zealand,
2020)

v a

YIMUNI9TUIINTIT8AINGTT @UITOAIU I
H o P LAy a wa v ° v Al
mmﬂiﬂmﬂﬂuamiﬂgumwmmaﬂizm‘mm‘miu

]
dl a o

pnangnanasestuivualy anduindunie

, , NFEFIVINTUM IS BaLiisuede
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad

wifnausurenistudesfansand1tmiindady
ndladesng 1 Tnethedwidnisduiidosiigadu
@hﬁmﬁﬂqqqmLﬁamﬁﬁmauﬁmﬁuﬁfu Senn
Maximum Allowed Weight For Takeoff (Vongviwat,
2014)

Qe

UABUNITATUIUNIAIUIMUTNUTTNALINBYIINTI

e 2

UBATITOUAIEINSULATITURUU B737-800

UndnusINALNe N1l ularsauas
a1nsaAINMIA A INNTIMTIERTslugilans

U TRnuvesiuszamihnlueniavesudazuuuves

=

widosduti q Famslsanuganedosdudugsniu
nsdnrindugiieuftd anndutnduniondneu
81u28n150u (flight operation officer) fiosA1UIU
mAmTnAtuantadesiig 5 AINA1TNAU 210
fufifiansan ardmiindtuvesadediladnimen
ﬁaeﬁqmLﬂuﬁﬂﬁmﬁﬂqaqmLﬁamﬁaﬁﬁuﬁumLﬁmﬁu
ﬁ?u 138121 Maximum Allowed Weight For Takeoff
%30 Regulated Takeoff Weight-—-RTOW

The Boeing Company (2014) lona1ieis
nsfwatvinusnfierhmsidudmiuieies
B737-800 mutiwindadanuadiue g Gusu
wwdesiinsdamieudoyavesauinduiivianisisiu

Town

1. AN1veInIelsignusenaly n1ele
ladinsinuamugIvatesladasenin Declare
Distance u

1.1 Takeoff Run Available--TORA %1881
ANNEIVBIMIsTgnUsEManesldanunaziving
AULNVIIN15ITUVDWATDITY

1.2 Takeoff Distance Available--TODA

EEe ANUEIIVBINIIgnUsEnIAnTeulveu
wazlvagan (TORA) UInfuAINYIYeINUNTIgN
= a =~ o i
venggnganlianyartenislunuiaiade iyl
Wiy 1.25% uagdsiAanaAugdaiavnavilown

= A A4
ANALBEIVDINUNU (clearway)




1.3 Accelerate-Stop Distance Available--
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11U nAULAI Ul A N YL NIUAN VS BANANV Y

=D

v

1A1539TU F9@WI5aUIAT Wind Component g1

=

il

2e

3.1 WMANLRAE iIFN19aURAZAINLEIALAN
MigugnedIng1518911 W 06020 060 visef
Aadsfianisauiau1a1n 060 e 20 NUNBE AN
wasAnusiau 20 wen

3.2 ynAyusEHINeirnsiauiinanan
Frozlsfufirnefitiadesdurinnsiaudll i
oyl Wy

O Wind Report 04020 wangils ausin
1197109 040

O \a¥eavhns390uh Runway 09 vngdia
wuasesduiludafia 090

O weluyuszninefianiafiauiauifu
Arneanriasesutluifiayin1sieau fe

90-40 = 050

3.3 ntuliiaeaes o A
AuMLEA TENINYITINUYINNY 20 UBA LATYNAY
Windu 050 9A1 LUMIA1 Wind Component 310
Wind Component Chart aald munin 1

N0 1 anwzUas Wind Component

1%
v

Chart vinlsAwIMAT Wind Component g #isil

1. dudsaduduwnuaiyuseninedianig
PATDI0UT UM URANI9Y 89NN URANI99aY
PNANIYIFI08198 AD 050 BN

2. L UTAILNUAIAINUSIANINNFIDY1NH A
020 UaH

3. nduilsaeandnunuam INIARA
yenEoduanduruulunwniofwouveanm
1 Fa9zdfaiaruana1 Wind Component 3461 Wind
Component 31 2 ila Ais Nuau (head wind) Azl
Fodnualindosmune+demth uazauau (tail wind)

siidadnualirdemineau fduduminnud sy
feg199zlamA Wind Component Tudnwaugyniuau
(head wind) WU 13 weon 1Huduy

vianewn: TunsU R vnnen Wind Component
yuau (head wind) 1An 509% usien Wind Component
Auau (tail wind) 1A 150% wariwadnsluiiau
WiguA1 Maximum Tail Wind fig 10 wem #1nAN
Wind Component Tail Wind 11AA77 10 Wa %73
w3esduazshmiay esmnlneuniniosduay
¥msesuludnvazniuaeEle
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WIND COMPONENT IN FLIGHT
(For training purpose only)

B S T S O

s,

S

R

B

30 -

A0 4 —_—

WIND COMPONENT PARALLEL TO RUMWAY (KTS)
1
A

20 20
CROSSWIND COMPONENT (KTS)

AN 1 Wind Component Chart

Note. From 737-800 Fligsht Crew Operation Manual Nok Airlines Company Limited. By The Boeing
Company, 2014, Washington: The Boeing Company.

4. Wesusesmuanaduwengis (unway 5. A1904 Flap Position ia8nAMuN 119904
slope) AuaIALBEaeImIsiell 2 Ussian A e Unwesestuldininsunniulaedaeenluidu % wu
amTu (upslope) waz nsanas (downslope) (Un@  Flap Position 5% 10% wag 15% tufu sisilifieli

[
v o

AMUAIALD HIVDINIIIIINAIATY hasN19aI9ad  AekssenSWunazlanisdud msulvu
aglaiiy 2%)

)

, , NIANTIVINTUATINE DA W Te
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 < < B
i g atuinermansuazinalulad




6. A1 Pressure Altitude A1 5¥AUATLEIYDY
mAamiesziuimaatiunandddaininns i
A Aerodrome Elevation (szsiulusuasievesauty
Jumidesziuimsiatiunae) UINYIBAUAIAIINEA
fiaenadasfupinunaeinia

dlelddeyasia q MAsdeasouiosuds
dmfuisnismuinthudnussmnifierinisiaty
dmsuiadesdunuu B737-800 wueisnsAuials 2
35 o (1) msdamindduiildlddluswnsy
AeufmesangNanAdesly uaz (2) MIALINM
dndndtuddduamuamnssuureufinnesing
TUsunsumaeguameadestududdniunis dsiioeis
seluil

387 1 msduaanhndnd il lald
TUsunsuneufiumosangwaniaiesdulnefionsun
Mndaderhuingiamunuemes (field length
limited weight) drudngnfanugnsiniste (climb
limited weight) wazthmiind ianudsinuaiioglu
fuvtauuaIetu (obstacle limited weight) d1m15u

WNsANEIgUYaSUIeIiIeE1T 1
@ T
PRERNTI]
Avuataya
1. Runway Length 3699 Lu#s

2. Outside Air Temperature--OAT 30 831
CRGEG!

3. Wind Component 0 Us#
4. Flap Position 5%

5. Runway Slope 0.0%

6. Elevation 9 ##

7. Obstacle Distance from The Runway

End 600 Ltum5 AINEY 25 1UAT
8. Takeoff Fuel 8000 Alansu
9. Trip Fuel 3200 Alansu
10. Engine Bleed for Packs on 650 Alansu
11. Structure Limited 70533 Alansu
12. Maximum Certificate Zero Fuel Weight--

MCZFW 61600 Alansu
13. Maximum Certificate Landing Weight--
MCLDW 65317 Alansy

sunaufl 1 wAn Takeoff Runway Length By
Runway Slope Correction Table

1NNIN 2

35911

a1nLdu 9nAeaNl Field Length Available
191l o AIWNUY Runway Length 3699 LURSHI8
Uszanad 3700 AT U1AAAULEY Runway Slope 0.0%
fiannannaedul Runway Slope azlam Runway
Length Corrected By Runway Slope 111U 3699
RS ®5UsEU 3700 LUAS

Junauil 2 wAn Takeoff Runway Length By
Wind Component Correction Table

NN 3

35911

a1nduaiue1InIeiedi Correction lag
Runway Slope iU 3700 tuns 31nAeauil Slope
Correction Field Length @infulduaey Wind
Component Ao 0 Wom nAANY Wind Component
agleA1 Runway Length Corrected By Wind
Component WU 3700 LunS

FuADUT 3 WA Takeoff Runway Length By OAT
Correction Table

AN 4

3591

ANEUAMNENIVNINTIAU 3700 RS 910
Aoaul Corrected Field Length Ainfulduaas OAT
Wi 30 sermwadea vl dwnindedu (takeoff
weight) fishfiamueueInisiaingu 86.1 6y vie
86100 Alandu waz avlden dhudndedu (takeoff
weight) fis1inmudnsnsle 78.0 fuwie 78000
Alansu
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Takeoff Field Corrections - Dry Runway
Slope Corrections

FIELD LENGTH SLOPE CORRECTED FIELD LENGTH (M)
AVAILABLE RUNWAY SLOPE (%s)

(M) -2.0 -1.5 -1.0 0.5 K 00 0.5 1.0 1.5 20
1200 1240 1230 1220 1210 1190 1180 1170 1150
1400 1460 1450 1430 1420 1400 1380 1350 1330 1310
1600 1680 1660 1640 1620 1400 1570 1530 1500 1460
1500 1900 1570 1850 1820 1300 1750 1710 1660 1610
2000 2110 2090 2060 2030 2400 1940 1880 1820 1770
2200 2330 2300 2270 2230 2400 2130 2060 1990 1920
2300 2550 2510 | 2470 2340 2§00 2320 2240 2150 2070
2600 2770 2730 2690 2640 2 2510 2410 2320 2220
2800 3000 2950 2900 2850 :lﬁ 2650 2550 2480 2380
3000 3220 3170 3110 3060 2580 2770 2650 2530
3200 3450 3390 3320 3260 .gm 3070 2940 2810 2680
3670 3600 3540 3470 3260 3120 2980 2840

3600 % 3900 3820 3750 3670 3600 1. 3450 3290 3140 2990
4130 40350 3970 3880 3640 3470 3310 3140

4000 4370 4280 4190 4090 4000 3820 3650 3470 3290
4200 4610 4510 4310 4300 4200 4010 3820 3640 3350
4400 4850 4740 4630 4510 4400 4200 4000 3800 3600
4600 5090 4970 4850 4720 4600 4390 4180 3960 3750
4500 5330 5200 5070 4930 4500 4530 4350 4130 3910
5000 5570 5430 5290 5140 5000 4760 4530 4290 4060

AN 2 Runway Slope Correction Table
Note. From 737-800 Fligsht Crew Operation Manual Nok Airlines Company Limited, by The Boeing
Company, 2014, Washington: The Boeing Company.

Wind Corrections

SLOPE CORRD SLOPE & WIND CORRECTED FIELD LENGTH (M)
FIELD LENGTH WIND COMPONENT (KTs)

(M) -13 -10 -3 0 10 20 30 40

1200 880 950 1090 1200 1270 1340 1410 1490
1400 1050 1170 1280 1400 1480 1550 1630 1710
1600 1220 1350 1470 1600 1650 1760 1850 1930
1800 1390 1530 1660 1200 1890 1980 2070 2160
2000 1560 1700 1850 2000 2090 2190 2280 2380
2200 1720 1880 2040 2200 2300 2400 2500 2600
2400 1890 2060 2230 2400 2500 2610 2720 2830
2600 2060 2240 2420 2600 2710 2820 2930 3050
2800 2230 2420 2610 2800 2910 3030 3150 3270
3000 2400 2600 2800 3000 3120 3240 3370 3500
3200 2570 2780 2990 3200 3330 3450 3390 3720
3400 2730 2960 3180 3400 3530 3660 3800 3540
3600 2900 3140 3370 3600 3740 3880 4020 4170
3800 3070 3310 3560 3800 3940 4090 4240 4390
4000 3240 3490 3750 4000 4150 4300 4450 4610
4200 3410 3670 3940 4200 4350 4510 4670 4840
4400 3580 3850 4130 4400 4560 4720 4890 3060
4600 3740 4030 4310 4600 4760 4930 5110 5280
4800 3910 4210 4500 4800 4970 5140 5320 5510
3000 4080 4390 4690 5000 5170 3350 5540 5730

AN 3 Wind Component Correction Table
Note. From 737-800 Fligsht Crew Operation Manual Nok Airlines Company Limited, by The Boeing
Company, 2014, Washington: The Boeing Company.
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Takeoff Field & Climb Limit Weights - Dry Runway

Flaps §
Sea Level Pressure Altitude
FIELD LIMIT WEIGHT (1000 KG)
CORRD FIELD -
LENGTH (M) 0AT (C)

-40 10 14 18 22 26 30 38 4l 46 50
472 | 459 | 446 | 433

1220 564 | 517 | 513 | 510 | 506 | 503 | 5

[=]

4200 §6.1 | 86.1 | 86.1 | 86.1 | 86.1 | 86.1 86.1 | 852 | 827 | 802
4400 86.1 | 86.1 | 861 | 86.1 | 86.1 | 86. §6.1 | 861 | 844 | 819

861 | 6.1 | 861 | 861 | 861 | s61 | 861 | 861 | s61 | 860 | 835
CLIMB LIMIT

2 1 18 785 | 784 | 763 | 2¢9 4
WT (1000 KG) . 780 | 726 | 699 | 673 | 647

AN 4 Takeoff Field Length & Climb Limit Weight Table By OAT Correction

1400 61.1 | 56.1 | 557 | 553 | 550 | 546 2 | 513 | 499 | 485 | 471
1600 66.1 | 606 | 60.2 | 598 | 594 | 590 | 5846 | 555 | 34.0 | 525 | 510
1300 706 | 648 | 644 | 639 | 635 | 63l 7| 593 | 577 | 561 | 545
2000 747 | 685 | 68.0 | 676 | 61.2 | 66.7 ai 62.7 | 610 | 393 | 57.6
2200 785 | 720 | 715 | 71.0 | 70.6 | 70.1 6 | 659 | 641 | 623 | 605
2400 820 | 752 | 747 | 742 | 37 | 732 | 737 | 688 | 669 | 650 | 63
2600 850 | 779 | 774 | 768 | 763 | 758 ?13 7.2 | 692 7.3 | 654
2800 861 | 305 | 799 | 794 | 788 | 783 | TRS | 735 | L5 | 694 | 674
3000 86.1 | 828 | 823 | 81.7 | 81.2 | 806 1| 756 | 735 | 714 | 693
3200 86.1 | 853 | 847 | 841 | 835 | 830 34 778 | 756 | 734 | T13
3400 86.1 | $6.1 | 86.1 | 86.1 | 859 | 853 7] 800 | 77.7 | 754 | 732
3600 86.1 | $6.1 | 86.1 | 86.1 | 86.1 | 86.1 [] s6.1 |\ 320 | 197 | 7.3 | 751
3800 86.1 | %6.1 | 86.1 | 86.1 | 86.1 | 861 || 86.1] 84.0 | 816 | 792 | 768
4000 86.1 | 86.1 | 86.1 | 86.1 | 86.1 | 86.1 | 861 | 859 | 834 | 809 | 785

§6.1

86.1

oo
=

Note. From 737-800 Flight Crew Operation Manual Nok Airlines Company Limited, by The Boeing
Company, 2014, Washington: The Boeing Company.

Yumaun 4 mAnimdndrianiudanavineiegly  Brake Release Wiy AI1U81IM938 + Obstacle

AUAUILUIITUY Distance From The Runway End = 3699 + 600 = 4299
1A 5 s azla Uil (takgoif weight) 1911
A%t definvneoglusumiauI@uwiniu 76650 - 650

. L. (Engine Bleed For Packs On) = 76000 Alansu
anNLduINN ARAUY Obstacle Height 25

Y% A4 o oo 19 v a X
LUAT UIENATUYNUBAANUATUINUN VY (Takeoff

Weight) d0AAAINUTYYENI9AIN Distance From
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Takeoff Obstacle Limit Weight

Flaps 5

Sea Level, 30°C & Below, Zero Wind

Based on engine bleed for packs on and anti-ice off
Reference Obstacle Limit Weight (1000 KG)

OBSTACLE DISTANCE FROM BRAKE RELEASE (100 M)
HEIGHT(M)| 25 | 30 | 35 [|40 | 4 50 | 55 | 60 | 65 | 70 | 75
5 700 | 755 | 79.3 | 8.7

‘ 20 642 | 695 | 736 | |768 | 79.1 | 806 | 820 | 831
594 | 44 | 684 |ZL6 L 742 ] 763 | 780 | 79.2 | 803 | 812 | 820

60 S5.7 | 605 | 644 | 607 | 04 | 2T | 45 | T6l | TTA | T84 | M3
80 S25 | 573 | 612 | 45 | 672 | 695 | TIS | T3 | T46 | 759 | 769
100 498 | 546 | 585 | 617 | 64.5 | 668 | 639 | 707 | 722 | 35 | MI
120 47.5 | 521 | 560 | 593 | 621 | 645 | 665 | 684 | 700 | 714 | 726
140 454 | 500 | 538 | 571 | 99 | 623 | 644 | 663 | 680 | 694 | 707
160 434 | 480 | 518 | 550 | 579 | 604 | 625 | &4 | 661 | 676 | 690
180 417 2| 500 | 533 | 561 | 586 | 608 | 627 | 644 | 659 | 673
200 46 | 484 | 316 | M4 | 369 | 391

. 6.1 | 628 | 644 | 658
0 4301 | 468 | 300 | 529 | 554 | 376 | 395 | 613 | 629 | 643
240 416 | 454 | 486 | 514 | 539 | 561 | 581 | 599 | 615 | 63.0
260 $40 | 473 | 500 | 526 | S48 | 568 | 586 2 | 6.7
280 428 | 460 | 488 | 513 | 535 | 555 | 573 | 589 | 604
300 416 | 4.8 | 476 | 500 | 523 | 43 | 561 | 578 | 893

AN 5 Takeoff Obstacle Limit Weight

Note. From 737-800 Flight Crew Operation Manual Nok Airlines Company Limited. By The Boeing
Company, 2014, Washington: The Boeing Company.

) a = = 8 o o X o
uUABUN 5 Wisuisua1U KN unutdade
#1149 9 U Maximum Weight For ZERO Fuel wag
Maximum Weight For Landing

21AM1519 1 WU A1 Maximum Weight For
ZERO Fuel 1112101588 510581319A1 Maximum
Certificate Zero Fuel Weight--MCZFW Wag Takeoff
Fuel Tnenadildindu 69600 Alandy Tuvausdian
Maximum Weight For Landing laanannnasissewing

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

Maximum Certificate Landing Weight--MCLDW gy
Trip Fuel Tnanaiildivintu 68500 Alanda sl
ihehmindstuluuaileiifendesianlmdendtu
Fa3andnan Maximum Allowed Weight For Takeoff
%39 A1 Regulated Takeoff Weight--RTOW et i
Maximum Allowed Weight For Takeoff Tusiaee14
il 1 A 68517 Alan3u




71319 1

wanaa1mindedumudaien 1 9 M1 Maximum Weight For ZERO Fuel 4ag A7 Maximum Weight For

Landing
Uade Antaindetu (miae: Alanda)
AMUE1ININ (field length limited) 86100
9n31n15lel (climb limited) 78000
Asfinunefieglumumisiuaielu (obstacle limited) 76000
1A59831901A1A8U (structure limited) 70533
Maximum Weight For ZERO Fuel 61600 + 8000 = 69600
Maximum Weight For Landing 65317 + 3200 = 68517

389 2 nsFwamtindeduildiusunsy 11. Structure Limited 70533 Alansu
ﬂauﬁaLmas‘mﬂQmamm%'mﬁuimﬁﬁ]ﬁmwmﬂ%%’a 12. Maximum Certificate Zero Fuel Weight--

dmiindfinnaunaenmi (field length imited — czew 61600 Alana

weight) dminsnianusnsinisle (climb limited
13. Maximum Certificate Landing Weight--

weight) uagdmiindianudaiavneiiegludiumia L
MCLDW 65317 Alansy

WU97U (obstacle limited weight) @1%15U3501%

AT UYRES AL 2
& = Yo o s & :
Fraenad 2 Tunaud 1 °I‘viu'|°uagamn‘[wlamwuﬂlaaﬂu
a 4 Y a =) a
o TUsunsupauimasINENEALATe T
ivuadeya , v
Ingnadnsnlalulusunsuvzauine Takeoff
1. Runway Length 3699 113 . e Y u
o Weight waesiiies 3 Jadeildarimindesan 3
2. Outside Air Temperature--OAT 30 847N

. ensharsryadtuluunlesuEendt Gross Weight
\wadya

Chart—-GWC Tnelufegsdl Anvmdndatu (takeoff

3. Wind C t 0 uon o o v :
nct -ompenen weight) 91An L8R IN1516 (climb limited weight)

iti O 1 SOI v QI g o o v
4. Flap Position 5% ANLNMINISTU (takeoff weight) F1iamulaseasie

5. Runway Slope 0.0% 91N1AEU (structure limited weight) wazA1Intn

6. Elevation 9 #n A9 (takeoff weight) drfanudsinuinsiioglu

7. Obstacle Distance from The Runway  fusiuauudsau (obstacle limited) G99z lanadns
End 600 LA AINES 25 LunT A9 6

8. Takeoff Fuel 8000 Alansu N 6 annsoagUnadnsle fail

9. Trip Fuel 3200 Alansu 1. Runway 03L anefia vianeiawmieis 03L

10. Engine Bleed for Packs on 650 Alansu 2. VTBD munsivaundunouiiios
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3. A mting ety (takeoff weight) 1AL
83511158 (climb limited) @ﬁﬂaé’uﬁmﬂﬁ (climb)
At IeTu (takeoff weight) GhELLENATR R
30 peFwAlYE VAU 780 wuNeRY 78.0 Fil %30
78000 Alansu

4. A miinAetu (takeoff weight) 311AAL
1As9a51991n@-NU (structure limited) Windu 70533
Alansu

5. A3 ety (takeoff weight) 91AA#1L
Aufimanaftoglumumisuunistu (obstacle limited)
Wi 760 wnefie 76000 fiu 3e 76000 Alansy
NATANLAUIUNNT 30 BIAI@ATEa FnfUAN
Wind Component 0 ua#

6. MasanAtuinIedy (takeoff weight)
Foufigaaniministu (takeoff weight) d1ffn
ARSI (climb limited) 31ianulaseasa
ameeu (structure limited) wag $inRLETRAYINS
ﬁagﬂuﬁummuuﬁaﬁﬁu (obstacle limited) Tufidl
Ao 70533 Alandu Fesadaeulaseadnsennirey

(structure limited)

Junaudl 2 Wisuifisuathudndsduny
1A598519017178U (structure limited) A Maximum
Weight For Zero Fuel wag Maximum Weight For
Landing el

1. thenimindadu (takeoff weight) 911ia
A1uR1UlATIAS1991N A8 (structure limited)
wirifu 70533 Alan3u Wisuiieuiu Armiindetu
(takeoff weight) §11inlae Zero Fuel Weight Limit
wag Landing Weight Limit ol iomatndnds
Ju (takeoff weight) Tirfasfignuastiafousziavila
Ussammisunfuaimindetu (takeoff weight)
QaqmiumimﬁqﬂLﬁav‘hmﬁvﬁummLﬁm‘ﬁuﬁ #19

#1319 2

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad
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IAHIS 2 WU

1. A1 Maximum Certificate Zero Fuel
Weight—MCZFW #a thniinues Zero Fuel Weight
qqqmﬁiﬁmumamLﬂ%@qﬂuﬁmumlﬁ dmsusnognsl
Wiy 61600 Alansu seylu Aedui 1 (Maximum
Weight for Zero Fuel) + wmifnwas Takeoff Fuel
wirifu 8000 Alan3u HWufe 61600 + 8000 = 69600
Alansu seyly Aeduyd 1 (Maximum Weight for
Zero Fuel) + Ymiinves Takeoff Fuel winiu 8000
Alan3u Wufe 61600 + 8000 = 69600 Alan3y

2. AnthmeinAetu (takeoff weight) 270 Gross
Weight Chart—-GWC Fefansanetmiindetu (takeoff
weight) fitfositan 970 Tadevisanuuszinlu Gross
Weight Chart luitil e 70533 Alandu $1ifatimin
lag Structure Limited seylumaduil 2

3. A1 Maximum Certificate Landing Weight--
MCZFW fe tninvesnissouas (landing weight)
geaailsaundaiadosduimueld andegied
Wiy 65300 Alansu seylu Aedui 1 (Maximum
Weight For Landing Weight) + drvinves Trip
Fuel Wiy 3200 Alanu 931 65317 + 3200 =

68517 Alansy

4. W1A15041A1 Maximum Allowed Weight
for Takeoff Aitfosfignluneduil 1 w3e 2 3o 3 Tu
fidlfe A1 Maximum Allowed Weight For Takeoff
%39 A1 Regulated Takeoff Weight—-RTOW fio 68517
Alan3u fathy Maximurn Allowed Weight for Takeoff
Wwinu 68517 Alanu

Mndreg1edl 1 uag 2 wud HeasTlalAld
TWsunsuanguanaiesduuarisilinaduanain
Tusunsumaudniaiesdulinadwsantmdnieiu
(takeoff weight) figanadaaiu uazléal Reulated
Takeoff Weight--RTOW @9 68517 Alansu




ELEVATION 9 FT

2o+ FLAPS QS ¢ AIR QOND AUTC  ANTI-ICE COFF

WINC

£44/29-29-33
5904%38-51-54

A 60A S92 S571%/32-32-36
LTS £15%%50-51-55
S6A 613 592+/34-35-33
€35*vE)1-54-57

52 635  615%/36-37-41
GETeNE2.55.88

48 661  640*/39-40-44

G824 *E1.86.59

44 686 666%/11-42-47
FO5*454=57-60

42 699 680+ /42-44-48
705%+50-53-56

40 T13  §93%/43-45%-49

F05*%37-45-53
T06%/44-46-50
718*/44-46-51
Filef34-46-51
T44*/43-45-51
768%/43-45-51

FE9%[43-45-51

759*/43-45-51

FE0*f43-45+51

760*/43-45-51

TEL* f313-45-51

761*/43-45-51

T 16 785  761*/43-45-51
Qmblimited |y; 985  7624/43-45-51
12 786 762 /43-45-51

10 786 763+ /43-45-51

5 788  764%/43-45-51

0 789  764+/43-45-51

RUNWAY 03L 1‘!!!"

DON MUEANG INTL

BANGKOK, THA
DATED 16-JAN-2015

ovnquan xuvsuops
(MINUS DENCTES TAILWIND)

* /355651
¢ /44-45-51
<> /44-45-51
T61%/44-45-51
76L*/44-45-51
7624 /34-45-51
762°/44-45-51
763%/34-45-51
T763* /44-45-51
764%/44-45-51
7644 /44-45-51
T765% /44-45-51
765%/44-45-51
766%/44-15-51
767%/44-45-51

0

5464/30-30-33
5984%53-55-58
573%/33-33-36
625*v55-58-60
5944/35-25-38
6477 *57-60-62
6174/37-37-41
GTLIAYGL-64-67
6434/40-40-44
658AY63-66-69
6697 f43-43-47
T054455-56-60
682*/44-44-48
7054+51-52-56
696A/45-45-49
7054+48-49-53
T4 /46-46-50
721*/45-46-51
7344 /45-46-51
AT /44-45-51
7614 /44-45-51
762%[44-45-51
7622 f44-45-51
7634 /44745-51
763*f44-45-51
7644 /44-45-51
764*/44-45-51
7644 /45-45-51
T654/44-45-51
7657 /44-45-51
T664f44-45-51
767*/44-45-51
P67/ 44-45-51

20

£47+/30-30-33
598%453-55-57
573%/33-33-36
625**55-57-60
594+ /35-35-38
6477 *57-59-62
618¢/37-37-41
671%461-G4-67
643%/40-40-44
698%462-65-68
6707 /43-43-47
70544545659
683*/44-44-42
705%451-52-55
697%/45-45-50
705*448-48-52
T034/46-46-50
722%/45-456-51
T34%/45-46-51
748%/45-45-51
762%/44-45-51
762%f44-45-51
763%/44-45-51
763%/44-45-51
T64*/44-45-51
T64*/44-495-51
765*/44-45-51
7654 /44-45-51
7664 /44-45-51
7667 /44-45-51
767*/44-45-51
767%/44-45-51
768%/45-45-51

MAX BRAXE RELEASE WT MUST NOT EXCZED MAX CERT TAKECFF WT OF < 70533 KG >
FLAP RETRACTION HEIGHT IS 1000 FT A
LIMIT CODE IS FeFIELD, TeTIRE SPZED, B«BRAKE ENERGY, V=VMCG,

OBSTACLE/LEVEL-OFF, +=IMPROVED CLIMS
TODA IS 3842 M , ASDA IS 3849 M
RUEw IUTES ARE 0,00 PERCENT FOR TODA AND  0.00 PERCENT FOR ASDY

LINE-UP DISTANCES: 0 M FOR TODA, 0 M FOR ASDA  CBS FROM LO|FT/M
RUNWAY HT DIST OPFFSET HT  DIST OFPPFSET HT DIST {PPSET
03L 71 1250 o

ENG-0UT PROCEDURE: :
NONE Structure Limited

AN 6 Gross Weight Chart for B737-800
Note. From Gross Weight Chart, by Nok Airlines Company Limited, 2015, Bangkok: Nok Airlines

Company Limited.
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M99 2

A7 Takeoff Weicht 91799139141ATET190INIAEIY A1 Maximum Weight For ZERO Fuel Uag A7 Maximum

Weight For Landing

Maximum Weight For Zero Fuel — Takeoff Weight Lowest From Maximum Weight For Landing

(mde:Alaniu) GWC (muqe:Alansu) (me:Alansu)
61600+ 70533 65317+
8000 Maximum Allowed Weight for 3200

akeoff

69600

68517

JupaunIATUIMMIATI TN UTININEYIIN1 U
asdmiuiAIastuuwuy B737-800

aussougvaadasdurasinisTeuat lng
Unfimslssnugnanadostuasdugiuamdmdn
Tun1sseuasti (landing weight) waluunsleniaazdl
Hadeuethadufudsinsifadominllanansae
dmnrinisas s awdudanemsldifutmin
Asaugnanaiosdudualiifondn Maximum
Certificate Landing Weight fi® dwinildvinnsas
gegaileuseslagannndosmulasiaiisvesnied
Ju

Haduiislguassadoaussourveseiosduile
¥nnsseuasdl feil

- Runway Length

- Obstacles In The Approach Area

- Landing Climb Requirements

- Structural Landing Weight
- Runway Bearing Strength

a‘im%’ui%msﬁwmmmmﬁmﬁﬂusinmﬁa
vihnsseuasdmiuiiesduluy B737-800 uUsis
nsiundld 233 1 (1) madumdmdnussyn
iievhnsseuasiliilalilusunsuneuiinmes uaz (2)
miﬂ"’lmmﬁmﬁﬂusmﬂLﬁaﬁﬂmsiaumﬁiﬁﬂmﬂiu
oufmesnlUsunImMaEanAS sy et
soludl

, NIANTIVINTUATINE DA W Te
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad

o A

51 1 MsFwndmiinusInieyhnsTeu
PR a & o o aa o
asntdla gl UswnsuARUAIADS d1nSUITA1ALIN

YY)

W$0g197 3

fao8nedi 3

Mvuataya

1. Landing Distance Available 3100 tufg
. Runway Condition Dry Runway
. Wind component 10 ua#

2
3
4. Runway in use 18
5. Flap landing 30

6

. Outside Air Temperature--OAT 30 83/
ATy
7. Airport Elevation 1036 Wa

8. Maximum Certificate Landing Weight--
MCLDW 65317 Alansy




357 T0m1979 Limit Climb Limit Weight #iq
AN 7

1. @NEUIUIUINGUNTWINAY 30 B3N
wallea AnfuA198s Airport Pressure Altitude
Wiy 1036 9@ ~ 1000 #n

2. 9glaA1 Maximum Landing Weight i
91alag Approach Climb Limit windu 71.2 @u
%39 71200 Alansu

3. lumneufoRdmdnussmngegaiiiorng
39UAI9AIlUNINNIT A1 Maximum Certificate
Landing Weight inffu 65317 Kgs & A1 Maximum
Landing Weight fisnuaildivindu 71200 Alansu
Faupn Maximum Landing Weight winfu 65317
Alansu

i 2 miﬁm’gmﬁmﬁnmmﬂLﬁaﬁﬁms
JouasiltlUsunsuneNfnesanTUsUATUTNAENER
w3esdy dmsuiinisdmindaiiesnad 4

fao8nadi 4

Avuateya

1. Landing Distance Available 3100 tu#9

. Runway Condition Dry Runway
. Wind component 10 ua#
. Flap landing 30

2

3

4. Runway in use 18

5

6. Outside Air Temperature (OAT) 30 84"
CRIGEG!

7. Airport Elevation 1036 #
8. Maximum Certificate Landing Weight--

MCLDW 65317 Alansy

A8 ieyaluldlulysunsunauiiames
NUsunsuMaguannTesdu Feldnadnsasnin 8

NN 8 Landing Performance Chart
d1115U11A1 Maximum Landing Weight

3591

ANLEUIUIUIINGUNYH 111U 30 Ben
waYE AnAUA1TD9 Wind Component 111U Head
wind 10 uan aglaA1 Maximum Landing Weight il
fialag Approach Climb WU 711A %30 WAU

71100 Alansu A = Approach Climb 81384310

Landing Performance Chart

Tunmsufifthuingsanagdadlaiuinna
A1 Maximum Certificate Landing Weight vi1Au
65317 Alan3u fehu f Maximum Landing Weight
Fignunalldivingu 71100 Alansu FosAndn Maximum
Landing Weight s 65317 Alan$u windh

Mndegadt 3 way 4 wudn siesTlallale
Tsunsuanguaniaiosduuazisilinaduanain
TWsunsumnsguanniostuliinadnsan Landing
Weight Aln&iAesiu
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Landing Climb Limit Weight
Valid for approach with flaps 15 and landing with flaps 40

Based on engine bleed for packs on and anti-ice off

AIRPORT LANDING CLIMB LIMIT WEIGHT (1000 KG)
OAT AIRPORT PRESSURE ALTITUDE (FT)

C [ “F [-20001-1000| 0 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000 | 5000 | 10000
S [ 129 | 618 | 604 | 8.9
52 1126 1 63.0 | 61.6 | 60.0 | 573
50 [ 122 ] 643|628 | 611 | 5§9 | 56.7
48 | 118 [ 655 | 64.0 [ 623 | 6040 | 57.8 | 55.6
46 | 115 [ 66.8 | 653 | 63.6 | 613 | 390 | 568 | 546
| 10 [ 68.1 | 66.5 | 648 | 624 | 60.1 | 57.8 [ 55.7 | 3.5
42 | 108 | 693 | 67.8 | 66.0 | 636 | 61.3 | 589 | 56.7 | 545 | 524
40 | 104 | 706 | 69.1 | 67.3 [ 64 [ 62.4 | 60.1 [ 57.8 | 55.6 | 334 | 51.2
38 | 100 | 719 | 704 | 65.6 | 660 | 63.6 | 61.2 | 539 | 36.7 | 34.4 | 522 | 502
3 | 97 | 734 |70.7]699 | 67B | 64.8 | 62.4 | 60.0 | 57.7 | 355 | 532 [ 511 | 49.1
341 93 | 747 | 731|711 | 68p | 66.0 | 63.5 | 611 | 588 | 36.5 [ 542 [ 520 | 50.0 | 47.9
30 [ 90 | 748 | 745 | 725 | 69B | 67.3 | 647 | 623 | 59.9 | 57.5 [ 55.2 | 530 | 509 | 488
30 St S35 712 | 68.5 | 65.9 | 634 | 61.0 | 8.7 [ 563 | 540 | 51.9 | 49.8
I | 82 [ 749746 | 739 [ 725 | 69.8 [ 672 [ 646 | 62.2 | 59.8 | 574 [ 5.1 | 528 | 507
2 [ 79 | 750|747 [ 40| 726 711 | 685 659) 633|609 [ 5855623539 | 516
M| 75T AT | D 726 702 | 69.7 | 67.1 | 645 | 62.0 [ 59.6 [ 573 | 4.9 | 527
N[ T2 75| 48 [ ML T2T 702 698 | 683 ) 65.8 | 63.2 [ 60.7 | 584 | 560 | 53.7
20 [ 68 | 752|749 | M2 T2T| 713 | 698 | 634 ) 67.0 | 4.4 [ 619 394|572 | M43
IS | 64 | 753|749 | M2 [ 728 [ 713 | 699 634 [ 67.0 | 65.5 | 63.1 | 60.5 | 38.2 | 359
16 | 61 | 753|750 | 743 (728 | 714|699 634 [ 67.1 | 65.6 | 64.1 | 61.7 | 59.2 | 369
4| 57T 754|750 | 43| 729 | 714|700 [ 635 [ 67.1 | 65.6 | 64.2 | 62.6 | 60.3 | 57.8
2] 84 | 754|750 | 44| 730 [ 715 | 70.0 [ 635 | 67.2 | 65.6 | 642 [ 62.7 [ 61.1 | 588
10 | 50 | 755|750 | 7145|730 (715|700 | 686 [ 67.2 | 657 | 64.2 [ 62.7 [ 61.1 | 595
40 | 40 | 76.0 | 75.7 | 750 | 73.6 | 72.2 | 0.7 [ 69.0 [ 67.7 | 66.1 | 64.6 | 63.1 | 61.5 | 599

AN 7 Landing Climb Limit Weight

Note. From 737-800 Flight Crew Operation Manual Nok Airlines Company Limited, by The Boeing
Company, 2014, Washington: The Boeing Company.
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737-800

CFMS56-7B24
LDA 3100 M

WINGLETS

Approach 15

Dry Rwy

OAT
C

65
60
56
52
48
44
42
40
38
36
34

26
24
22
20
18
16
14
12
10

5

0

LANDING PERFORMANCE VTCC
CHIANG MAI INTL 36

CHIANG MAI,

Landing 30

Air

THA Elev 1036 FT

Cond Auto Anti-ice Off

Maximum Allowable Landing Weight (100 KG)

-10

OF

OF

OF
S77A
600A
623A
635A
647A
660A
673A
685A
697A
711A
724A
725A
726A
726A
727A
727A
728A
728A
T29A
730A
731A
732A

0

OF

OF

OF
577A
600A
623A
63SA
647A
660A
673A
68SA
697A
711A
724A
725A
726A
726A
727A
727A
728A
728A
729A
730A
731h
732A

OF

OF

OF
S577A
600A
623A
635A
647A
660A
6732
685A

S

724A
725A
726A
726A
727A
727A
728A
728A
729A
730A
731n
732A

{nots
20

OF

OF

OF
577A
600A
623A
635A
647A
660A
673A
685A
697A
711A
724A
725A
726A
726A
727A
727A
728A
728A
729A
730A
731A
732A

)

Above Standard Pressure Add (KG per MB)

319

39

339

59

Below Standard Pressure Subtract (KG per MB)

Reference QNH is 1013.25 MB

75

75

75

75

Corrections based on 1003.25 MB and 1023.25 MB

<:EZE§jng weight must not exceed

65317 K& >

Limit Codes:
A=Approach Cli

F=Field

AN 8 Landing Performance Chart

C=Climo B=Brakes
L=Landing Climb T=Tire Speed

Note. From Landing Performance Chart, by Nok Airlines Company Limited, 2015, Bangkok: Nok Airlines

Company Limited
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Abstract

Foot care among the elderly is important especially among the elderly with Diabetes Mellitus-—-DM.
The main cause and factor of wounds from diabetic pathology and combined with a variety of physical
and physiological changes. Therefore, the incidence of foot ulcers in the elderly with diabetes
is essential to prevent complications. Foot ulcers among the elderly with DM is an important complication
which could lead to foot amputation affecting those in both physical and mental dimensions. Moreover,
it also leads to a decrease in quality of life and an increase in the burden of taking care of their
family. Presently, the statistics of DM patients around the world are increasing every year and foot
amputation was found in diabetics aged 35 years. Foot care among the elderly with DM in community
plays an important role to prevent further foot ulcers and reduce the complications leading to foot
amputation. This article aimed to provide knowledge and understanding about foot care among
diabetic elders for nurses and those interested. The article described the causes and risk factors that
cause foot ulcers in diabetic elders, risk assessment of occurring foot wounds, and the role of a nurse
as direct care including being an educator or a consultant to help assess the risks, give advice, and
help to teach foot care skills. This is to encourage the elderly with DM in the community to be able
to practice on their own according to the recommendations effectively. Moreover, it is to promote
and prevent the occurrence of foot ulcers as well as to assist the elderly with DM in community to
take care of their feet by themselves, to prevent further occurrence of foot ulcers, and be able to

live a better-quality of life.

Keywords: foot care, elder, diabetes mellitus, community
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Andudnsinne 17.83 sawaulszans wasiwulldy

L‘ﬁﬁunﬂﬂ (Division of Non Communicable Diseases,
2020) INNIINUNIUITTUNTTUNUI U8 UMY
fnfnnneunsndouannnethmaludesiiguay
i viliseadrsunsnunlulsmerunadeaildane
Tunssnwmeruiawenidu Aldineveaddae-uen
108y 1,172 vinsiese dwguaely 10,217 vmsie
378 TAININENUIRTeAY 3,984 AMuumaed
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(Nakphu & Songthap, 2019; Sirikamonsathian, 2018)
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15AL UMY (American Diabetes Association (ADA),
2017; Diabetes Association of Thailand under The
patronage of Her Royal Highness Princess Maha
Chakri Sirindhorn, 2014)
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1. lsaunmueiadl 1 (type 1 Diabetes
Mellitus-T1DM w3etduniafiadugdu (nsulin-
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MAAnN1TnEULaZINISYINas waaAUS o UIUNNA
ias1aBugaulils Jsessnumenisinendugiu
2. Tsawuvusindl 2 (Type 2 Diabetes
Mellitus--T2DM wiorJuvialifisdugdu (Fugdu
(Non Insulin-Dependent Diabetes Mellitus--NIDDM)
wanueidad 2 § wudusiuau 90-95% ves
Srunlsarumuynuia dulvgwulumandad
f918unn31 40 U A3Usduvseund wazriusein
asouauduunmiu dannnainsianieasndugdu
Lifisameuarladiiussansaminiians

3. lsAawmuiifiamgdnng (specific
types of diabetes due to other causes) flanay
aune Wy lsanaiugnssy lsavessivgeu lsAnna
sawlivie nslesueiuseiin WWudu

4. TsAunmuaaydansss (Gestational
Diabetes Mellitus—-GDM) Tulnsunadi 2 wie 3 1Ju
nansiasunasesseslinluvarsnsssludy
qvivesdugdu mendsnasndiuluglsaiumiuay
mald LLG}'Q{JQaﬁawﬁa%ﬁiammﬁmkﬂmemLﬁ'a
mqmﬂ%u (Diabetes Association of Thailand under
The patronage of Her Royal Highness Princess
Maha Chakri Sirindhorn, 2014)

AURNIBVBIUANUINIY

WinluImau (diabetic foot) tuniae
uwnsndeufiddymesiiisiumiuiiinmgiaaly
dongalunanu lngasdniseundielanlifieud
31 Wiy vnedls ngueinsveshitinain
Uanguszanmiden (neuropathy) Viﬂwlﬂgjmiqzyﬁa
wiTinsviauessi (Siriniyomchai, 2020)
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UNANYD

nMsiTendsiidumsanunissiasssunsisenseninaeuluiesdnaladueanewsasiin Homo sapiens (hAChE)
wag Torpedo californica (TCAChE) fruansddayaindudesiin (Clausena harmandiana) lakfansnaugunsuy
Feusznoude Xanthoxyletin, Nordentatin, Dentatin uaz Clausarin @13nguasunloawoanianes Laun
7-Methoxymukonal, 7-Methoxyheptaphylline waz Heptaphylline sg3sluianaisnanis lunisnaaesla
ﬁwaﬁmmﬁgwuﬁaaﬂqwéé’uégJLauiﬁﬁaz%aaiﬂﬁmaammia 1oun Donepezil, Rivastigmine, Galantamine
wag Tacrine Lunguaiumalunisifienis annsmaassausnaireninesiaenndosfuseauiiiiu
11 Tgansunasgruynddandsnudadu fu hAChE aglude -11.53 89 -7.31 kcal/mol uag TcAChE o
Tuw2a -11.30 4 -7.04 keal/mol Fafumsrfimesdinanidsgninanlidnufuarsvageu nanisfinwimudn

~ g

s insunNsesErINweUlrlasdRaladuLaNeLsaNITin hACKE wag TCACHE HUANSNAABUNLA LANA

(% =

gonnaowazidululuiianafediu wazin1sdadurnudunsisen 3 wuulaun H-bonding, TT-T interaction
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wae hydrophobic interaction 7iu3tiau Peripheral Anionic Site—-PAS IFuieaturan WATNUINAINAN
aunsuannsadadufuiouluiosdfaladuieameisaiis 2 viia Idfndrasnguaniuilvausaniases
Tngans Clausarin annsodaduifuioulsdordfalafueamaisars 2 wlinldffian uasdimdsnudadulndifes
fiu Donepezil Fs919na131071 s ndudeainlasanizarsnguauisulidnenmlunisimuisesondu
aseengasudueuluierdfaladuloanelsa

o

AndnAy: luanaisfenia deafn exdfialeduieawelsa guisu asunleataanaoed

Abstract

This research aims to study the molecular interaction between acetylcholinesterases (AChEs), Homo
sapiens (WAChE) and Torpedo californica (TCAChE) and the isolated Coumarins (Xanthoxyletin, Nordentatin,
Dentatin and Clausarin) and Carbazole alkaloids (7-Methoxymukonal, 7-Methoxyheptaphylline and
Heptaphylline) from Clausena harmandiana using in-silico molecular docking technique. Four standard
acetylcholinesterase inhibitors are Donepezil, Rivastigmine, Galantamine, and Tacrine were used for
re-docking process. The complex of hAChE or TcAChE with four standard acetylcholinesterase inhibitors
displayed the binding energies value in the range -11.53 to -7.31 kcal/mol and -11.30 to -7.04 kcal/mol,
which accorded to the previously study. Therefore, the optimized crystal structures of AChEs were
further used in this study. The docking result showed the same pattern of molecular interaction via
H-bonding, TT-T interaction and hydrophobic interaction at Peripheral Anionic Site--PAS, and stability
binding trend between AChEs and all tested compounds were observed. Coumarins displayed the
stable complex with AChEs than Carbazole alkaloids, especially Clausarin exhibited the most stability
complex. To summarize, the isolated compounds from C. harmadiana, particularly coumarins have

the high potential to be acetylcholinesterase inhibitor agent.

Keywords: molecular docking, hAChE, TcAChE, coumarins, Carbazole alkaloids
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dmsunisesnuuulasasisensnelsndalaiuesiy
J990u ndnAelsrdalawosiinainnisanasvedans
douszamozdfaladu (Acetylcholine--ACh) iUt
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Uaeuszam Wesangnlelasladimeoulyiovdia
TAduleanelsa(Acetylcholinesterase--AChE) vinlw
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wulesl AChE FeviliAnuddonsed wavidlosan . . .
Nordentatin, Dentatin, Clausarin, 7-Methoxymukonal,

asuenlaanaudesindusunutssuin AetuLiie 7-Methoxy-heptaphylline waz Heptaphylline &gy

AnUSUIUNITIE1ANNETTUTIR MU T BIAY WALkl ax ik - o o am da X .
FWlanaisfenia uasfinwdunsiseniindussning
a1sva 7 vie nueulesl AChEs (hWACHE wag TcAChE)

eiludoyadeds uazuumdlunsdaudadtiasan
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1. mawseallassesaeulrdmevuiunsinenia

ms3fenfadunsmmsdwesimansaly
msaslasiadeasswoneuly delilunsneass
Tnesuainnisativanlassadinensssvosoulsy
ACHE 54 2 wiinansuransiusiu (https://www.rcsb.
org/) laglaswalunisanulnanvesviln hAChE way
TCAChE \Ju 4EY7 (Cheung et al., 2012) uag 1EVE
(Kryger, Silman & Sussman, 1999) @1ua1au 210
Tuldldsunsy Discovery Studio 5.0 (Accelrys, San
Diego, USA) Lﬁaﬁﬂms@l’mimaqaﬁw wazARLENLULENa
Donepezil ponanlassadrnengsd drlassaswes
Donepezil fingnesnuiliivenavlalnsiau way
sl sveseznaulalasiauiivunzaus e
TUsunsy Hyper Chem7.0 (Hypecube, Gainesville,
FL, USA) d@ulaseastsveslusiuinluifueynouves
alasiau Inaldlusunsu AutoDockTools (Morris et al.,
2009) Fagfnwmnsiimes 2 viln Ae (1) Wusznsmyu
vansneziluluusnausmaaulyd 2) Wusensvuves
Aunus Tnasaunniingauunn 60 Ax 60 Ax 60 A szes
¥ 0.375 A udnilasad19wes Donepezil filiy
glnsioundrnneseudulid POBQT wiarnunnis
vauasituse ntuisilasiadiaves Donepezilan
ymsrenfatnUTuusnasweaeull melusunsy
AutoDockd.2 (Sanner, 1999) lagls Lamarckian

o CHs o <M

(@: ‘(a)

Genetic Algorithm--LGA (Mashhadi, Shanechi &
Lucas, 2003) ’Lumiﬁwmmﬁhwé’amuﬁwqm Ta8AUun
A1 Population size WU 300, Energy evaluations
WU 250,000 WAz GA runs Wiy 200 Ban1s3aenaa
voelAs9ad1e 4EY7 way 1EVE audenmisfnesd
ThdumisfennslndiAssiulassasrsonaised 1neg
W91504197NA1 Root-Mean-Square Deviation--RMSD
T3ivAin 2.0 A Fadunfivousuld (Taha et al., 2011)
wédnimsfweildluAnuluanarifenisiuans
ndo 7 wiin

1. ns@nwluanaisfenis

ilpseadiwedunusiifeinisineiling
Julassasreanuiiflaelelusunsy HyperChem 7.0
Pndumamdnuianvediassaidaslisandouis
Semi-empirical luU AM1, Polak-Ribiere conjugate
gradient method (RMSD < 0.1 kcal/mol) Tngjudin
Julva PDB melusinsu Open babel (O’Boyle et al,,
2011) waziedeald PDBQT Farfnvuansnyuves
Aunusdanin 3 uagldmniwesildnnsienis
Toeldunuiindauun 60A x 60A x 60A lunsenisans
fifosnsdnulnegrimdssudaduvesansiulusiy
Mnduilassaisionisildumdannsivifiogns
o UnIAsEInElUswNTL PyMOL (Schrédinger LLC,
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Ligand1: (a)
Ligand2: (a),(b)
Ligand3: (b),(c)
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®.CHO *.CHO
© OH O'a) H T OH

a

H,C O N
H

7-methoxymukonal
Ligand1: (c)
Ligand2: (a),(c)
Ligand3: (b),(c)
Ligand4: (a),(b),(c)

7-methoxyheptaphylline
Ligand1: (c)

Ligand2: (a),(c)

Ligand3: (c),(d),(e)
Ligand4: (a).(b),(c).(d).(e)

i(b)

(c),
Clausarin
Ligand1: (a)
Ligand2: (a),(b),(d)
Ligand3: (a),(c).(e)
Ligand4: (a),(b),(c).(d).(e)

(A CHO
ﬁ © OH

S
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Ligand1: (b)
Ligand2: (a),(b)
Ligand3: (a),(c),(d)
Ligand4: (a),(b),(c),(d)
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Ligand1: (a)
Ligand2: (a),(b)
Ligand3: (b),(c)
Ligandd: (a),(b),(c)
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msfnyluananifenfesansiiflanauun
dnlunisduiuieulesl AChEs (hAChE uay TCAChE)
Fududestinsnmaseunnugniesvoaouluiithn
finwn Aemstseninsinenis dddunsmaaswndedls
v3senfueululerdialadueamelsans 2 aila fu
1910557 Ae Donepezil Tagdnedauinmdigd
drryvesouluozdaladulodvalsd 9INAIVAADY
U84 Wiesner, Kifz, Kuca, Jun and Koca (2007) wu
17 U3 Peripheral Anionic Site--PAS ¥83 hAChE
UsznaunienInozillu Asp74 Tyr124 Trp286 Tyr337
Tyr341 U368l Acyl-binding Pocket--ABP Usznau
PenInzillu Trp236 Phe295 Phe297uay Phe338
Ushiel Catalytic Anionic Site—CAS Usznaumensa
oxdlu Trp86 Tyr133 Glu202 Glydds uag lled51 uag
Usal Catalytic Triad—-CT Uszneaunignsaaziily
Ser203 Hisd47 Glu334 dm3uusiiad PAS 989 TCAChE
Usznoumeninegiilu Asp72 Tyr121 Trp279 Phe330
wag Tyr334 ushiad ABP Usenausie Trp233 Phe288
Phe290 waz Phe331 Ustiad CAS Usenausie Trpsa
Tyr130 Glul99 Gly4d1l wag lleddd wazusnm CT
Usenaunie Ser200 His4d0 Glu327

Phe295A '{
K 7/
A

Trp86A- \
N

(n)

N5NAADILAAT RMSD AU 0.599 @115
wulwal hAChE way 1.551 A dwisuteulasl TcAChE
Fudulumunasiiousuldvainissaenis Tneeni
gousulamuunAAestiosnd 2 A (Aravjo, Lima, Pinto,
De Alencastro & Albuquerque, 2011) delaseas
voseulusl hACKE fiwSeuldainnisisenisunsi
n1sAenRaiu Donepezil (MW 4%) WuMsLARsuRsseN
iU Trp86 waz Trp286 #ay T-TC interaction Way
LAALSINTEYIINIY H-bonding AU Phe295 uLfign
Fusunsaserfinululassasraenaisdves hAChE
iU Donepezil (1w 4n) wazdouriuiuain Asans
AUNIN 60 WuRenfulaTsEs1sSAenfisvaaeulel
TCAChE fiu Donepezil (1MW 59) WUNSLARSUATAIEN
WU TC -TC interaction fiu Trp84 wag Trp279 lonilou
AulAsas1aenuseuas TCAChE fiu Donepezil (nw
5) LardouUNUATNAILAAININAIN 69 INNANTT
naaetananansaagulainlasaiiwsueulsy
hAChE waw TCAChE fiwdoaldannnissaenisiiniiy
Yndede wazarwnsaluldlunisnaassseld

Tyr337A

rSAA o aash

Trp286A
Trp86A  HisddTA

Tp8eA——\ |

()

AN 4 Nsiindunsize1ves (n) Tassas1aeneisdvues hAChE - Donepezil (1) Tnseas1ssneanianes hAChE
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- Donepezil

(n)

AW 6 LWSsusuArlaredlasIas1asfenie (@) nulassasiaenass (81) (n) hACHE (1) TcAChE

iiedunistudunugndosuasusiugives
Tnseadrvesoules hACHE uas TCACHhE #ildannnis
onfs {Adedaldhasnsgiuiiaeiinisinun
nou lokA Donepezil Rivastigmine, Galantamine Wag
Tacrine (AW 7) WIYINNTSANY WUAINENIUNSEATU
JA1@0AMRBINUSIEIIUNNSANYINBUNLI (Rehman,
Khan, Khan & Roohullah, 2013; Cruz et al., 2017;

Ali, Seong, Jung, Jannat & Choi, 2018) 2700 7
@19 Donepezil annsanaluansusynauilsdou
futeulesifis 2 vialdffan dwalieuansaly
nsdudaonlasd AChE g fafumananodlutumey
seluiadenlians Donepezil \Juansunsgiuile
Wisuwisunisiindunsisenduansansudesisield
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N TcAChE

% hAChE (Ali et al., 2018)
N TcAChE (Alietal.,, 2018)
B /AChE (Cruzetal.,, 2017)

. -7.34
Tacrine=] 5 g RN RRRRNNNN
905
Galantamine< %!
4102
Rivastigmine=
1158
B . 1130
ne Z1l=1 -1040
onepe 10,60 NRRRNNNN
| T
15 <100 -5 0
AG (kcal/mol)
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A = 3] a
mmsmmimaqmwaﬂm

HaMsAnwNSAnSumsAsvesaTIv 7 ¥ila
ndudosihagulanewisng 1 uaznm 8 uaneiaeg
NSANBUATATEVDIAINGNANTTU Ao Clausarin kay
AU lTaLeanIaBYs Ae 7-Methoxyheptaphylline
futeules] hACAE uay TCAChE agunanisnaaosdisil
Aa a1sUsvnaulistauvesasnguausuiueulyy
AChEs fiaMuadesninansusenouliegouvotans
nauAIsUlYaLeaA1aEs LAgAINAINSINUEATY
ATAw (ansfdamdanudadusi-afnauunn- Us
Fiansusenoudedouiiamuaiiosganiandnansii
Amdaulnduge-Anauties) Iy Clausarin fif1
winudadusininasduiiuenandudosiih uazdian
Tndiesiu Donepezil iflndsnuBaduwinfu -11.53
kcal/mol futoulwsl hAChE waz -11.30 kcal/mol

futeulesl TcAChE dafiansandunsiselunisiin
Wuansusyneudsdauvasarsnadauiuiaulesinu
11 Donepezil agiinuse lalasiaunuleules hAChE
S ABP ualainudunsisensenaniluteulas
TCACHhE WagWusunInI8tluy TT-TC interaction way
IUU hydrophobic interaction iﬁﬁzﬂw,aulsnﬁ hAChE
waz TCAChE Fsaanndasiuinudsefiniuun (Cruz
etal,, 2017) WulfgInudunsise1vesaIsnaunuisu
wazAsurlvanaanIanys fa1ulsalinsunsaAse
léjﬁgﬂ 3 WUU AD H-bonding, TT-TC interaction Wag
hydrophobic interaction wagnusunsizeléviusn
CAS, PAS waz ABP ualdnusunsisenitusiom CT
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maAngunsAzeIvesaITngurusutuoulolosdialeduieainaisayiln hAChE 4ay TCAChE

Fodns AG, FUndUATHSEIaTNIABLT LY
(keal/mol) H-bonding TT-T interaction hydrophobic interaction
hAChE TcAChE hAChE TcAChE hAChE TcAChE hAChE TcAChE

Donepezil -11.53  -11.30

Arg296  Arg289

2 -9.48 -9.56 -
Gly121

3 -9.38 -9.20 Arg296  Gly117
4 -11.04  -10.43
5 -7.48 -7.83

Arg296  Ser286
6 -8.54 -8.84 -
7 -8.23 -8.14 -
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Abstract

This article presents an enhancement of Motor Imagery--Ml-based Brain-Computer Interface--BCl for
rehabilitation by combining a visual motion illusion stimulation method. Since, the motor imagery takes
a long time for training, the method of stimulation by external stimuli through the sensory system
is an alternative way to increase the efficiency. The research is divided into two parts, mainly: (1) To
observe and test the pattern of visual motion illusion for brain-computer interface (2) The proposed
system of the BCl by combining motor imagery and visual illusion stimulation. This research uses
the windmill pattern to modulate signal at occipital area of the brain. We were testing the windmill pattern
with a different number of propellers. It was found that the windmill pattern with 96 propellers can
stimulate the brain with the best result. Therefore, we used the obtained pattern to combine with
motor imagery. This proposed system can create two commands to control the rehabilitation device
for lifting the left or right arm with the designed algorithm, which implemented for the interface program
using LabVIEW software. A total of 8 volunteers participated in the experiment, using a brain-computer
interface system with motor imagery and combining the methods to compare the efficiency. The
results show that the proposed method can increase the accuracy by approximately 4% to 6%. The
speed of command creation is increased due to visual stimulation. Therefore, the combined effects
may be caused by stimulating the brain with visual motion illusion only. In the future, we will
develop algorithms, verify performance, and establish guidelines for use appropriate to control an

arm rehabilitation device in reality.

Keywords: brain-computer interface, motor imagery, illusion motion
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Abstract

Forensic toxicology laboratories typically use a two-step process to detect methamphetamine in
specimen, the first step is screening such as Immunoassays method. Positive identifications during
the initial amphetamines screening step are confirmed by Liquid Chromatography Mass Spectrometry
--LC-MS/MS method that is the most widely used method for drug confirmation and quantitation due
to its excellent sensitivity and selectivity but take a lot of time to analysis per sample. Paper Spray
Mass Spectrometry (orbitrap)--PS-MS (orbitrap) is a novel method for identify drugs and substances.
The aim of this study was to study the possibility of detecting methamphetamines from urine, bile
and gastric contents (non-extract) using PS-MS (orbitrap) method, as a guideline for the selection
of the appropriate method for identification and determination of methamphetamine. The results
indicated that urine specimens are suitable for qualitative and quantitative tests due to low limit
of detection and limit of detection confirmed, 1 and 250 nanograms per milliliter, respectively. This
qualitative methamphetamine test in bile and gastric content samples is not suitable and has a high
false negative, percent true positive rate with 3 passed parameters equal to 58.82 and 52.94, respectively.
This could be solved by searching for a paper spray solvent formula that can better extract

methamphetamine from the sample.

Keywords: paper spray mass spectrometry, orbitrap, methamphetamine, urine, bile, gastric contents

Y

&>

g

unin
N1 sHRRwIng luiesl ity
drulngdadensravisetringnurdalagund A Lden
= Y 3 = o ]
wazlaaniz FavzsadinsiAuauusunaiiiemene
N13953aNgd laganizn1snsiafigadeandnly
FenenywdndaanzidnisimvuaUsunadumli
A WU 8819tey 30 Jadans (Cabinet and Royal
Gazette Publishing Office, 2017) Waiwua1 dunensel
v 2w 1 2 4 a
nlianunsaiuimegndenrselaanslulunuuas
AN NTLEaNEsaN13ATIINELIeRIN AN g U
YSinaudiiin visensalgidetinfignadsntugnsidedin
I1INNITANUANSITUYIANIULIATY 148 AUUTEUIA
NOMIEIBRTNIAINDIY (Office of the Council
of State, 1934) enawiusagruaaansetaanille
1 Y a aa = A 1 =3 A ¥ =l
wu LdeTIndsdenunauliaunsaiuifenta ve

o 1 = a 1 G d’l’ o
feg1dandsaninainnisiin vseUulauauiinty

nsrafigaulale vsedegralaaneniifonusUueg
nNsanvInveaeniionlunseinzlaa1izain
i N Aa & v o= =~ &
nsnsenunszunnnowdedin \udu Jansdlvand
A o A s £ o
doilutadenmivaulildidesnnduivaninvesan
HLdeiniidangiaiigau

dleliiffegnadenviedaangluuinauasy
A miisane nsidendringduunsanaunuds
\Huasndndu Fringuilsiannsatmnsanauny
& fo s (Bévalot, Cartiser, Bottinelli, Guitton
& Fanton, 2016) thtfuvesnailusisnie (body
fluid) fiadr9andu funumieadestunisdeslui
Tnsazauaglugeirfuazgnudsoaniidldidndou
@Iaﬁﬁ’u (Duodenum) thifidnwasunilady flifa
Awdeadlen (yellow-greenish pigment) 1Judu
Uszneu §iAn pH usadniies (Rhoades & Tanner,
1995) iguaiindidutatagfuanzanlunisdian

Fr e ropnA: Vol. 15 No. 1 January-April 2021

Science and Technology |



AsIANALNY A (1) aunsaiiusiegsladne Quen
HiAeTn) lnelfifudnenssuenlnggneenaingsthi
Tagmss thlugaiAiuTmaunifisswoyszana
50 fadans Fufivmefiaviluiasisd (2) awisa
UU1R5I98 AL ULNUBLaRA LA AR T UV D
wnuenlnniiy vsesiinsasantatanuduiug
AuAtAudutuluiden (Bierly & Labay, 2018;
Ferner & Aronson, 2018) (3) LA uTava
ogfluiAfiuTinugeuwazasegluthildum fesan
wnweuadiuwazaisiunuelan Lﬁa@m%un’hé’u
agnuineanaindudiunilmaniuinfuazgnifiuly
Tugeihd 9induasidngnszuiunis enterohepatic
circulation Ae e fiunaziuunusladiieg
e lvangaléan dosdluslAadnamueumniu
wgngafunduriumaduidenduisaiiu (hepatic
vein) LLazmqmuﬁlwaaaejﬁwﬁ%fm%y’a wagyi iy
Waduvesumuenianivluhaiutu swdafiusses
nmmsmagjmamwLLauLWWﬁu“luﬁﬂﬁIﬁmu%u i
isEanmﬁm’mWﬂuﬁﬁﬁLﬁm%‘u (Roberts, Magnusson,
Burczynski & Weiss, 2002) (4) laisndudeamsingn
areoulediuningalsiling (Beta-Glucoronidase
enzyme) Wievhaneiiuszuasansiduiungglsludly
%’umau phase Il metabolism 1u%umaum5aﬁ’w'%a
WwienIheEna (sample preparation) iasnimiweviniiu
5u1ﬁﬁﬂ1ia‘j’uﬁuﬁﬂmwaﬂgﬂiﬂuﬁlu%umaum?u%’maﬂ
911519018 (5) UBNANLUNULBUNAITULA BILENFA
swBseuaundUNan e IAE1N13an 599N LA
wu laAndu 1elsou wusnda el Annilu 1Bndand
wulrlperdTuduazlvafiiay (Zolpidem) 1Judu
(Agarwal & Lemos, 1996; Bévalot et al., 2016;
Roberts et al., 2002)

Fnsafnwmuenmniiuiesianinantnd
fisatauuuaainanin (Liquid-Liquid Extraction--
LLE) wazn13aiaLuy Solid-Phase Extraction--SPE
(Amplatz et al., 2017) N15R5298UTU (confirmation)
219 bUTIAUNINIATIEY (qualitative analysis) Ao
nagouIRunLoladunsieold winludauSunn

(quantitative analysis) HuTufuingUszasAlunig

, , NFEFIVINTUM IS BaLiisuede
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad

A519les RNl luN59579 Ap 5amInlasulang IR

wuaalUalauns (Liquid Chromatography Mass
Spectrometry--LC-MS) w3ensd@iifnsiaiaiiu
UALANLIAADIATINZITENIT LC-MS/MS 11591929

amueuaiiuaniAvsdennIudetslnenis
afawaznsasae3slasunlans Wi ddinsyuaunis
wenanskunedutl (Column) Fududiunenans 4u
noutmualdinaiUszuna 30 wiiinedlegmie
wnnintiy wnfinsnsasegrshidusiuauinn
AagAoaldaruulunisamanazenaindyuiau
Fuauadesdlosaaduauluiu

91115t UNTZINNE (gastric contents or
& a1 a a = aa
stomach contents) LUAIAINTIDONVUANUINULY
ATIVANTTBLAZENEANFAR Hlanuniaummndulag
aa v a
TBIulsgmuagananuwnieaniiuluemsly
NILIN1EAIY MIONTURNANAUNAUELANAANTE
= A o v A = o e
wnlauwnniiy el viedieen 1oUsTesiue
~ v a N o 09 YY A A aAa vya
Mugnanfiauan v3esagyililnawdedinlasen

Y

[
aa

11 body packer syndrome NSHENN190RTIINUEN
a A = U1 1 =
@nfAnusstunuaunidiuladienionsdinisianlag
a a o« N A
nsnaulnd Llesanumnesaiduniiluasenun
JUSunuunnnIva1ewin (Takekawa, Ohmori, Kido
& Oya, 2007)

Twesase wiaaUalaiuns (Paper Spray
Mass Spectrometry-—-PS-MS) ifuAsnilsfianansaldlu
msfigatiendnualasliegasings lngdeszians
Tunfafealégads 90 fogauarldine 2wl 1Huds
nsrvasnringlaglidndudounseufegenou
wdnnns fle vienfegsreamavidenvad Wy 1ien
Jaaniz asuunszauniaslaiuvai (paper) ?}qasj
vuNYLETEISUTIGENTT paper cartridge 91Nt
Tansaraneve/atnanssiuiunstaussalniwaniv
a5MFDINIIATIV WU BuamAnnLIWANTugNNAD
ndngliiludiaeunananuatiaunsenviag
QNAAINUTIYAGRIAINIAINIATsULFA AR TR DS

v

(MS) HundmbenwasInulasausyy (m/2) vesans

Y 9
L3 £ L3

wWieflgalienanualvesansty 9 (Chiang, Zhang &
Ouyang, 2018) IngUszansnmlunisiigatienanual




%uﬁ’uqmmwmm MS Al Tumiems193n (detection
unit) fatfudes PS-MS Sssndudosiedentuinies
MS $¢#U High Resolution Mass Spectrometry—HRMS
1 orbitrap 99¥AIUNITNANTDIIAAIINAITUTIFRIN
drudenanslasuilansnilas

¥

nsAnuilfifnguszasdiitednuaidy
Tulalunisasiaunueunaniiuanegslaaniy
tinazemislunssmnglagldaindae3s PS-MS
(orbitrap) Bsmnliinagniesgsiazidumadennis
Tunsannainsnwnenwmiuandaans 1
waremslunssinig

o/

AUTEaIANISIRY

nsfnuiiingussasdiiieAnwininudu
Tulalunisasraumuenaiiiuandegslaaniy
i wazenmslunsuimylngldatin@aeds PS-MS
(orbitrap) Wit uuumislunisfiansandenldds
nsIfigatiivanzan

==l v

WUQAA NUHUATIIUIIBNNYITDY

al = d‘ o v 6 ¢

An15ANYIAINUNITIT LWL WS aL S8 bu
o | s fa A W a
ANWULHN 9 LazlwesalUTINWounanu MS 7
LANANNNULAEATINNAE1E BN BT AA LAY

¥
Y v A

Ay =
aﬂ’iwmaﬂmimi’maﬂiﬂ %ﬂaﬂuﬂiﬂﬁ’élﬂﬂ PNU

Liu et al. (2010) ¥n1s@nwi3es nsiau
onanwaluan1sUseendly Paper spray lonization
Tngvnaoslénszny Whatman 6 sfiafifivuingngu
waziilonszausnety nedeuuelssuuazlaay
finay (spiked) Twdenta (bovine whole blood)
Imalﬁ’fﬁwmzjm Methanol/water (1:1, v/v) @15y
NNTALATILAUUU positive mode 14 voltage 4.5 kV
wag -3 kV d1mr5un1sIATIEAL UL negative mode.
nan1sAnwaguledn nsea1wuL glass fiber paper
T iuzauiun1snsIan g Paper spray-MS Lag
WU walla PS-MS anunsansiaglsdunazlaiaula

Espy et al. (2014) vhnmsanwnsidinme saUsd
waawalaswesidundesledmiunsiingeiing
i 8 wiialundafenniogadon Taquamin i
8 lauA Lounaiiu (Amphetamine) luniosnaiiu
(Methamphetamine) latAu (Cocaine) y1Law
(3,4-methylenedioxyamphetamine--MDA) Bndand
(3,4-methylenedioxy-N-methyl amphetamine-MDMA),
19 (3,4-methylene-dioxy-N-ethylamphetamine-
-MDEA), ua3#u (Morphine) taziaan 9-1nnselalns-
uauuIUBEAANAYYI (A9-tetrahydrocannabinol--
THC) Taan15¥in spiked blood m1335v84 Espy RD
Ao w3uu working drug solutions AuAE UL
Aoan1sal spiked Tudealusnstaiu 1:20 (10 L
into 190 L blood) waztlu 3,000 seusieudt 1u
181 15 3unfl manisAnwanuin wn3es Paper spray-
MS @nunsansiadnsie 8 winildainsegiuden
iiga 10 lulasansil spiked ansumsgiuingania
4 8 adlu aelunanifies 2 wift dnidenguilaguds
AWnsnTransnesaUse wuaaUala s lginan
Uesunlun153tAT1z9 (rapid and high-throughput
assays) defianudululdmndesnisiluldnsrauuy
on-site multi-compound quantitative screening

of illicit drugs

Manicke and Belford (2015) ¥hns@inwnides
SN TALUSE LuaaUalasATWUU High-Field
Asymmetric Waveform lon Mobility Spectrometry--
FAIMS Tunisuenlely-luesvedletiond 3 vda Ae
1959 (Morphine), lalasuasinu (Hydromorphone)
warueslandu (Norcodeine) nan1sAnwasulaan
winesallsy wuaaUalasunIanunsaliiiasiv
1Aa39

Zhang, Ju, Huang and Wysocki (2014) finwn
Feq Paper Spray lonization of Noncovalent Protein
Complexes ltpazuinmnesaiusd uuaaualnsiuss
ansaldnsiaglulnaduensziues (Hemoglobin
Tetramer) Fa9u nonconvalent protein complexes

nfaugeenlunisnsala
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Yang et al. (2012) ¥1n15@nw1n1514 Paper
spray ionization devices Tu31u biomedical analysis
NANIIANBINUIT NITNYAFIDYIAIUUNTZATYAT
ilvauna auu1ns wazUalensza1wdaunauds
o Y & v
ilmAudseqlauin

McKenna, Jett, Shanks and Manicke (2018)
Mn1sAne1nsla PS-MS (orbitrap) Tunisnaaeunis
A3 UBTANTIENARINLEDA 130 via Tnadinad
fmuAAT Limit of Detection —-LOD fi® A1ANILTY
YosEFAABINTNAGRUANEATIATES PS-MS (orbitrap)
A11307529NU 1A8NAITUIINAIANNTNTUYDIAS
NAFRUTInTIINY Chronogram au‘uuiai (Parameter .
Chronogram Mass error: NMT +5 ppm) duLnau
fAuARI Limit of Detection Confirmed--LODc &4
\Huenududuvesasmaaeudiigaiiaios PS-MS
(orbitrap) a@wsaasialuseuiudulainflansdu
¢339 lnefansananinasiaududuiingrany
Chronogram @uysal UagATIINUNIIINDT0ES
Tnogrmileioluiifindn 1 wisdwed Ieur a9
WU Fragment ions (Parameter Il. fragment ions
matching mass error: NMT +5 ppm, minimum of
fragments needed: > 2) ¥#3 7FIINU Isotopic pattern
(Parameter lll. isotopic pattern comparison mass

error: NMT +5 ppm, matching score: > 80%)

5aldun15398

\Audhegelaans 1hil wavemnslunssiwne
finsranuimusaaniiuangidedinluried 2562
(11.0.-5.0.) AiunsasIefigaviidanunineaeds LC-
MS/MS Lags1e9uNanfissusaaudl eg1etesviinay
16 A19879 1AgAUIIUINFIBENEINSTUNTIATIENR
WisuiluanadedeUsuudieadn paired t test
(Rosner, 1995) lawunmsiagnayiniu 16 Aa0e14 lag
Tneudt o type | error=0.05 B type Il error=0.50
Effect size=0.50 s(A)=1.010 rwithin=0.950 lagdu
F9819UUUIY (simple random sampling) tnauai

Anoan (exclusion criteria) Av USuNausng19Niitey

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

n11 10 Nadans %QﬂﬁmaaﬂLﬁaammi‘]uﬂ%mm%u
iieafulidundngiudrsesdniunisinseilu
au1An iN1sANY o e JURn1snguauiyIne)
anulianyiven Tsane1u1ad1979 UuAneaa
AN NLAZ/MIDUSHIUMETT PS-MS (orbitrap)
Tagldia3os PS §u Prosolia Velox 360 uay MS §u
Orbitrap Q Exactive Focus HARA YUY Thermo
Fisher Scientific CA USA w3guiileuiuids LC-MS/
MS Tagld LC 3 Ultimate3000 kag MS/MS 1 TSQ
Quantiva KanA V01 Thermo Fisher Scientific CA
USA. Tnefndemadaiafin Hypersil Gold PFP 1.9
um 2.1x100 mm #agaumgimadaudl 55 °C Injection
volume=20 pL Runtime 11 U1

MN15An®1 LOD wag LODc 91nansazans
WnsgIunieNmaduly blank urine 53 14 A1
Wudy Ao 1 5 10 25, 50 100 250 500 750 1000
1250 1500 1750 wae 2000 urlunsusediadans (un./
1a.) lnemuuali Sample volume=10 pL A1RUAAN
Methamphetamine Precursor m/z=150.15 Targeted
m/z=91.11 Confirming m/z=119.11 fvuaaA1 Full
MS Resolution (FWHM)=70,000 Scan range=50 to
500 m/z NAFRURRAMN WAL USINARBINLEATY
Tushegelaansuasnnaeudenmalusaegieii
Waze1MTluNTELINNY

NAN1SIAY
1. ANSAN®I LOD LODC

1.1 #an15ANEIANNY UTUANAAYD S
wnkauwmiulutaaznaiuisansiranulanlgis
PS-MS (orbitrap) #30A1 LOD #1135989 McKenna et al.,

2018 A9 MSIINUNISITLMDSN 1 WINAU 1 Un./ua.

1.2 wansfnwAeududumgaiiansnsa
guduinnuniesadulutaaizaieid PS-MS
(orbitrap) #39A1 LODc ANu35999 McKenna et al.,,
2018 o Tagasranumsfiwesi 1 uay 2 wieo 1
LAy 3 WU A1 LODC 11U 250 un./ua.




1.3 nansfnwAeududumanianuse
gufu (Wuan) Inuwniesindiuludaszaiey
35 PS-MS (orbitrap) %ﬂﬁ%ﬁ&lﬁ%a’i’l LODexactly
confirmed; LODexact ¢ 1A8ATIINUNITITLADTATU
W 3 wisafimed Wiy 500 un./ua.

2. HANISANYITIUSUIUAI LT LT ULUN-
wosniuludaane lne3s PS-MS (orbitrap) 1U3eu
WiguAuds LC-MS/MS (m1519 1)

HANSLUS I UA—UAN LN UL LN AN Y
Tutlaanzsteansds Ineldadn paired t test uansly
A58 1 wud1 Anududuamuenmanduadedie
298838 PS-MS (orbitrap) fiAngsniniinsiany
P875 LC-MS/MS ag9iitudAgynieana

3. namsANYIBIAUAIN Tun1InTIAUN-

f1319 1

wauNaiuaNnNUaady Ufkare1mshunsenig
1n835 PS-MS (orbitrap) (11574 2)

mamiﬁmgnL%ﬂ@mmmﬁ'awmammamw-
wouleiuludringfidullaanny 21 foege ¥a
17 feg1s wazemslunszimig 17 faegs dady
Fregefilaiiunszuaunsatau

now lnufieg 1 ma1lNIUNTNTIANEAUT

AMANAIETE LC-MS/MS Wi dmsaanulamiesinanily

[

WAEIILIUHAARTEUTDELED NUIRIREN19T1TNg
UsznniaanizlmingAun1nsianae PS-MS (orbitrap)
snften dudringfidudfskegndedussduiuiu
58.82-82.35% Wwagemistunszimzliinanageugn
AodluseAududy 52.94-76.47%

AIULHNG NYDIA URALA IIUIUTWunanmTululaaiy 71U 21 Fregrdanagaunisinn1835

PS-MS (orbitrap) 1UTguLigunvas LC-MS/MS

ad

g5 U Auade  Andesuy ATLANA95I8A t P-value
(n) un/ua)  wmsgI L g ol
UINTFIU
PS-MS 21 30517.60  23571.09
(orbitrap) 1768539 1636359  4.953 000
LC-MS/MS 21 12832.22 7844.23

Pearson Correlation (r*)=0.994, p=.000

1319 2

o

ToyananIsnTINTIAUNIN (o Tuluga

908)

9

iR fwau wansan  wandweiinsanulaedFnsa % true positive rate
(n) A28 PS-MS (orbitrap)
LE-MS/MS 1 1,2 o0r 1,3 1,2,3 1,2 o0r 1,3 1, 2,3
or 1,2,3
Jaane 21 ATIAINU - - 21 - 100.00
i 17 ATITNY 3 i 10 82.35 58.82
91M15 LU 17 ATIANY 4 4 9 76.47 52.94

NITENE
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n1saAUsSIENA

= a

PMnuadnwImaun 1 auhlunisnsiawum
woutediuaInUaazaneis PS-MS (orbitrap) wu
77 19A1 LOD winffu 1 un./ua. Fadumfifnnuin we
o [ U Ao | = U 4 | % %
Fuduszaundelaausadudula wazarnnuudu
Aanfauisadnlaluseaududy (LODC) muigves
McKenna et al., 2018 10U 250 Un./48. d@IuA"
LODexact_c Ly 500 un./ua. agtiulaiian LODc
ez LODexact_c duduaisnninnas cut-off a1
aa & v a | &
Fnsenadssiuumneuwaiulusenieuysdy
namunei ualin 1,000 un./ua lutlaands (Cabinet
and Royal Gazette Publishing Office, 2017) fl91iu
38 PS-MS (orbitrap) daubigsluszduianunsai
1R529 screening tunuasaduludaanigly

v A W

seaududule

deSeuifisudausunamuiianududy
nueaaiiuing1alneds PS-MS (orbitrap) g
19138 LC-MS/MS agheflfaddey (msns 1) nsdiil
21983U181#1n13952967835 PS-MS (orbitrap) &4
Lifdnsessunazadindiedny ualdUsz@nsninees
paper spray solvent Tun1svranseenannszaedl
vailaanizasly uansin paper spray solvent gasiild
Tunsinwiae 403 Acetonitrile: water: 10 M Acetic
acid 8051@7U 90:10:0.01 @uNsaBELUNLONLNAITY
99NN paper cartridge LaA nIotnauAU 35013
ANALUNLBUINAITUABUNITIATIZHAAIY LC-MS/MS
lvigeyde yield 0uunuamiimn-Huannseuiunis
annluIeinl yield samvoaunuaunaIdiuanas

HaN1305ITIAUNINTUAIRE19T 3TN AT e
ANIUNITATIVIATIEITIAUNINAETS LC-MS/MS
UIMATINULNLBINAITY (11519 2) WUl B3Tmg
Mdulaaglian true positive rate Wiy 100%

DA & o o A = o
wanslmiuindaanzilud-ingimunzaunaziian
MTI993875 PS-MS (orbitrap) Tuidanmunn

AIUNANTINUNULDILNATUTIAUAINIIN

Fringuszianinfuazonsiunsemignudn loali
71 true positive rate A375909 McKenna et al., 2018

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

Wiy 82.35% Wag 76.47% Amddu Tefiansanuin
aglunaireutnege wilviussleviosdmniunis
anadsnnunmlussiududumneilodmnunduay
lermaauai (false negative) 91nN15MTI1AAIDEN
1AW 17.65% wagkaauasannsngIaiaesng
215 IUNIENIINAY 23.53%

waviiloldinasiiduan Tnodoinsianuis
aunn515imed WU A1 true positive rate Lions39
Fregraihuazemslunsuimnzanauviniu 58.82%
wag 52.94% aua1su wisklananaulaann1snsia
wnwemaniiuluiieg1salinaavalavinfu
41.18 % wazn13nsI3luiegeemsiunszinglin

NAAUAINYINAU 47.06% wandliiuintanuulilade

'
=

langNazhuingaanay PS-MS (orbitrap)

SO Ay «:4' o W
winTnAllmngaunzdnsalagllania
A3870 PS-MS (orbitrap) Tuns@nwnil Wraedlanme
Y S ada =
PNFnwaEnINMennvesaniiiduveavamviags
wazildndiuvasluiugs WeapiouRinuunsyaunsos
299 paper cartridge a1 @15a¥aNy paper spray
solvent gzlunuoumniueananiuiiinsyaule
A o v A v A g N A
gindlaiiguiudringiluldaanizvseden uuimna
= o o I 5
uily Ao AITARIUSULUABUERSUNYN paper spray
Y
v v & o 5 aday o
solvent Wiwsnzauiudiingussinmihdnidludugs
TnsUsuindiiazatenlddvrludnsdiunganin
= = &
gasnldlunisfinuil

annnfiomslunseimnglslimungauiiogi
N1n53laellaina878 PS-MS (orbitrap) Tunns
Anwilanunsaesuigldinfnananuvainvatees
o (matrix) emslunsznslunsasiedie 3adl
AnansAMINsamuAna1aiy vinldendiazmngns
paper spray solvent fumzay fadumndesns
ATIAIDE1D T IUNTELINIZAIYTE PS-MS (orbitrap)
A13ARIINTINTIUAIDEN (specimen preparation)
Wy msarvieinionlegluguuuudud paper spray
solvent @nunsnvziunwaumdusanandrotgle
fnand




GRAl

9

nsnsaumemmiuluieg1 @I ingae
78 PS-MS (orbitrap) wuin fegediingussiam
JaaniewmunegAunsnsiadenun niazidalsunu
\flea97nl¥iAn LOD uay LODC ¢ daunnsnsradaing
UsziamihduazeslunssimgluBsgauninnudy
Falamanzay uazlvidmaauanags dseaudlyldlae
msﬂ%’umﬁlsmqm paper spray solvent 14# polarity
anas visemsdesinsaiavsewiealieglusuiuy
Uil paper spray solvent anansavzLLMkeNLATIY
ponundegslddnnd

JLAUBDLUY

WesannsaneiTeiiduns@nu@amnass
Fanodldasoslininenmansinaluladlv Ae PS-MS
(orbitrap) @uiin1sAnwdesunn saufsdidunuanlyd

<

guazAgesnulun1siiaggrigs FattuTados
MauNsnnensnITeiiusendauasmingay
Tunsfnwiadarelugideorarhnisiiaszsianslu
Srnufinniusionsiinsiei 1 ads Seasdsanduyu
N15338 5udee1993Ten19nIvansnqulval 9 wu
New Psychoactive Substances--NPS Fargadud
aulalummaiiineenansannaluvned idesannd
wultmaialdlumefifadiuannty uagdsdinish
wadla PS-MS (orbitrap) uUszgndltiitensiaans
nqufanafosinn dadumniinisiidenisna
asnaguiazulsslesiegsidusuan

AnRNssuUsENIA

YOYDUAMHUFTINONUEYS 713, F3un3 Aulwe
WniiesufuRn1siwine an1dullifnyinean
atuayumegwaviasasiislunsidelunisfinudl

&

e —
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Abstract

This was a cross-sectional study, a type of observational study that analyzes data at a specific point in
time. The objectives of this research were to study factors related to hazardous waste management
in households in Meung District, Phitsanulok Province. The data were collected from 287 households
using questionnaires. Households were selected using systematic sampling. The data were analyzed
using SPSS version 20 and the descriptive statistical analysis showed the frequency, percentage,
average and standard deviation for variables. Chi-square was used to test for correlation. The results
showed that the majority of people in the study were female (58.20%), aged between 34-47 years
old (36.90%), earned a monthly salary of 31,333 baht or less (98.30%), and had a primary-level
education (49.50%). Furthermore, most participants were married (66.90%), had received information
on hazardous waste disposal (89.90%), were not the head of household (91.30%), and did not have
an official position within the community (94.80%). Overall most people had high knowledge of positive
attitudes towards, and good behaviors for hazardous waste management, 85.70%, 74.60% and 71.490%
respectively. Finally, appropriate hazardous waste management was positively correlated with having
a higher level of education, being widowed, having received hazardous waste management information,
being a student, and having high knowledge of and positive attitude towards hazardous waste
management (p<.001, p<.009, p<.001, p<.001, p<.001, and p<.001 respectively). The results of this
study suggest that additional study is needed on interventions focusing on increasing knowledge and
supporting positive attitudes towards hazardous waste management. Such interventions can ensure
that people will dispose of hazardous waste appropriately and lead to good community hazardous

waste disposal behaviors in the future.

Keywords: knowledge, attitude, hazardous waste management behavior

<4 &
N g ;%; g

UNU

voudsdunsreluguyy nueis veuds
Sumsefiinainfanssusins o luaiFeunazaniy
Usenaumsmisivenssueng q Tuguwu W ggeuse
aoniuimsiniiu Sudsdavensan Sudnusis e
auwdu lsawe1uia siesUfiRns fufiinumsnsss o
Fevoadudunmemaridnlvggnisimiuyados
U Taglisiunisiidauazindnedsgndesniy
ndniwinig Aelhiinnisvud sunazundnszany
YesasunTIegaIndendingrsldonvsuaziia
HansznuUdagunmeuievesUszvuls (Pollution

Control Department, 2017)

voudsdunseanyurnitintulul 2561
fiUSuas 638,000 fu ifistua1nT 25605080y 3.2
Tnw¥osay 65 \Hurnwaninsiaieddlniuas
didnnseiind 414,600 fu uazdosas 35 Wuveude
FunTennyuTLUTHLAMDY iU wusme’ tuliiane
AyuzusIgasall nsedesalsd 9auau 223,400
fu Fafin1s1eszuunisinnisvendesunsieain
yuvu Inglviosdnsunasesdsioatunag s
\Rendesiigamurmveadssunsenyuulumtiou
Ve havdwundigudniunuveudsdunigly

Fr e ropnA: Vol. 15 No. 1 January-April 2021 |

Science and Technology



seAudamin ilviveadedunsneanyurulasunis
%Cfmmiasmgﬂéfauﬁu%ulﬂu%’aaaz 13 wisoUszuu
83,600 fiu usidtlaiiiigane Liesandilaifingseidou
fgdausnvededunsiseonainueziily i
ngmineazianifugualniaensuiuinvey
Tunsdanisoinadnfusiiededldliiwazgunsal
Blannseiind (Department of Environmental Quality
Promotion, 2019)

AT TUAN TN SR AT UN TN
yosngudtnauduindeunausazaiang wuin 3
Sufuusniifinsfusunusinaresdedunmean
guvuanniian Wuadainanang fusenideanie ne
witle wazn1Anals wudAwvindu 105.98 6y 81.70
Fu wae 54.64 fu MudRU wazdTnauAwnden
AT 3 nuih Mafiununvededunsieanyuy
yosiiuiluwaiuiiaveu Iéud faviafivalan Senin
#Ing uardmingnsindagsenindniunislunis
usunuvesdesunnenngumu dsminfualan
uardaniniians ladinssusmvesdsdunsivdsly
MAALEIUTU 3.5 Fiu lag 2.5 fiu auaau (Pollution
Control Department, 2017) lagdswinfiwalani
Uinamesdedunsglumauiaunniigadesanidy
woidesdaiiuszuinsegognsvunuiu liun waua
FUANENEYLNE WAUIAIUAIIDI0 TN WasAUIA
svatsszuu lneliUsunavesdunsiewiniu 166.47
s/l 135.25 du/U waz 78.89 fu/U miuaisu
(Pollution Control Department, 2017)

Jagiunisdnnisuaznisidaveziduiym
mesudanedeniinndiodaiiudeuddnuarld
Saudlauunly wmzﬂzwwﬁﬁufuéaﬁﬂawmquLquﬁqﬁu
Wunauanenuasgmaasegia nsiivalulad
Tyt arlflufnsean fusnnst Sedemalsil fanudeld
LLazU'%aJmmazqqmmsﬁumulﬂﬁw (Kaewprayoon,
2015) lagngANITUNITINNITVYLVBILAALATIITDU
A Msdneverldnivurdunlagliuenyssnn
yosvez Fuhliviinaesithluldavuzviodvey
fiansandainndumdiy feannusiag Wuunas
wneugwmeilsa (Phungmuai, 2012) uagdang

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

nansENUsedIIndeY Ae AelhAnnsuudey ns
WNINTELVRIENTOUN T8GR0 Feanads
HaNaNIZNUs oguAINouITBveIUsT v gl UYL
dleswndulnae fduusznewvessmialaeenlas
(MnO) tlfluunu 9 Aeudlnareazuanuasyili
arsediaiivaoonuldiiuarsdifidunse dudng
371971998 LUNa18 52 UUUSEAMUDITINNY RaeA
Weawawualiansuseniluesiuseneu dleunnlousew
fifinsussgegmelusszmeseniingsisnelaenis
melaasiwuesUsenazavaulusnanie vinlwensual
auidey wgavda lulndeg vesiedeonnismaiuile
Wi néaoseuuse uardnlesulusmnannnandu
Sunald Tununmeisasudiidyseneufidrda Toun
wunz wlunzieanlys arsavarensadaiagn
a1z fdunsiemsizluiatefinlafiowns
wagsyuuUsramuess1eangla (Pollution Control
Department, 2017) 99NN159ANI5UD AL TUATIHUD
winzasIGeulilymana1n Seinliideiuuafa
Ag@nudnudadeffianuduiusfunginssunis
JansvesdedunsiglunsiiFouvessevivunyti
wisnils Sunawdios Sminfunlan SwanisAnwnil
suifuusloviunnuissuiesdiu wienuieau
Fsuiaveu dethluuwwamalunisuddaymd
NOFNTIUVDINITINNTVBRALTURT 8RB LY

o/

[ a o
nnUIzaInn13IvY
1. 1ivefinwnszAualg iruARLazngANTIY
A159ANSVRLAYdURSIEluATIS BUTRIUTE YU
2. Wisfnwianudunusszuinatadudu

yARakaztayanIty ANF iruARAuNgANIIUNIS
Inn1svesdsdunstgluaiisouvesuszvivu

AUNAFIUNTTINY

Uaduauymnauazdayanily mnus viruad
gzdmaililiangfnssunsinnisvesdesunsely
AISOUVDIUTEVIVUNUTY




NSAULUIAANISIVY

AaUsAu

Jadwduyanauazdoyanaly
- e
- 978
~seldiadesaiiou
- SEAUASANY
- ADUNNEUTH
- 91TN
- Myfudeyarians
- annunnluaseunsi

- mMsdisusauluyuvy

AuANiingafunsian1svadedune

AN 1 NTOULUIAANISTIY

BANIUN15IY

nsfnwiadsiidunisfnu sy
NIAAAYIN (cross-sectional analytics study) die
widadefidanuduius fungAnssunisdnnisues
dodunsnesluaiieuvesszunvunytiunsienis
gLnawlies Jaminfivalan Inslduuvasuniulunis
Wiuwazsiuswdoyadiuiu 287 aFseu zvinig
Anwdausifousunay 2561 e Weunaau 2562

U o/ )

U3z NITHAZNANAIDYY

q

naufieg1e lnedin1sNMuUATLIAYBINgY
198190UgATVDIYBIMNILT 13U (Yamane, 1973)
il

-e

_ N
1+ Né°

W n unY YUIAYBINgUiieg

N U YU19UD9UIEBINT

Aadsny

NOANTIUNITIANTTVD UL HUDUNTY

TuasaSauvasUsevnvu

e WU SEAUAINUARINARBUYBINGNFIDENS

Foousuls
WNuA1 n = 750
1+(750)(0.05)°
n = 750
2.875
n = 260.86~261 @A3IS0U

Wiotlsfumunaiawdeussuinifiudndosas
10 szfoufiunuvdeuauiaun 287 Afadeu Tag
fin13dusieg1eeg1aliszuy (systematic sampling)
ANLGAS il

Wo I unu ¥aevenisdu
N wnu S11uUsEyINsiaun

N WY VUIAVDIFIBE1NADINTT

Fr e ropnA: Vol. 15 No. 1 January-April 2021

Science and Technology



wnuan I = 750
287
I = 2.61~3

A UYINITEL AU 3 NTUIATE Y
nausieg1e Al
1. FUaANTURUEIMERBULUUABUAHTIEUSN

2. gumnguiiegneauasy 287 afseu

dll = ci a o
RS9 aN Y lun1sIde
w3esilenldsrusiudunuuasuaiuiingy
é’aaéwaﬁ‘]u@’mamm Us¥naunig 5 @ fadl

1. Yayaduunnawazdeyanili 91w 9 Us

2. ANU3IBINTTIANsveudsdunsely

v A = o @ a A
ATILI0U FaUUAIN NN Y Ua18UA LUULADNADY
gn/fin $1uau 12 98 nsudanadsuuseenidu 3
seav lagldinaeinziuumunguauanufnvesugy

1%
v

(Bloom, 1968) a4l

v

SEAUNIN = ATLUUALASDEazduld 80
(AzLUU=28 )

SEAUUIUNAN = ALLUUTENINISEAY 60-79
(21-27 AzLUY)

(%

SYAUTRY = ATLUUNDYNINSBAY 60
(<21AZLuUY)

3. YIAUARLISINNSIAN1SVR AL URS 8T
AS50U Inun s lansmNuAATIUL A UNITAANTS
Yaudgduns18lunsIsau tnglynsuseunuan wus
[~4 v} % 1 < % 1 1 (-4 % )

Wu 3 seau lown Wiy laiwula Tuwiusiy s1uiu
8 99 nswlanaszhuseanidu 3 szau laeldinaed

1%
=1

AZWUUAUNANRUAUANVDILUEAN (Best, 1977) A

ATLUUEIERN — ATUUUFIER (3)
RRRIILY
fvimuaegluszAuln = Azuul > 18.8

fimuaRogluseaulIunae = AzuUUTENIN
13.4-18.7 AguUU

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

AuafgluszAutiey = AzUUN < 13.3

4. FomgAnssunisdanisveadesunsely
asBeu Tngldnisuszanaen wdadu 3 seau d
UftRIuusys UioRiduuiseds ldiee S1uau 13 4e
msulanavzvuuseanidu 3 syau lnaldinusiaguuu

¥
(9

mmaﬁ'mmmmﬁmmmaﬁ (Best, 1977) mail

ATLUUEER — ATUUUFIER (4)

UG
fngAnssueglusziuun = azuuy = 30.2

fngAnssuegluszaudiunae = Avuuy
38139 21.7-30.1

fngAnssuedlusziuioy = AxuuY < 21.6

wuvgeUaLaTUElEUNIATIdeUANINSS
Badlenuarnisldnivn (content validity) a1n
Hnsanaal 379 3 vy lagdesilAsdviinny
donAdes (I00) faus 0.5 TulU uaznuItlunudse
lérein 10C Wi 0.7-1.0 (Rovinelli & Hambleton,
1977) antuinadedlelunsrsaeuniuiiety
(reliability) Tngtilunaaedddfuuszvmuiilalyngs
fog1alumside uidulszmnsiadrendsiungy
Freg19n STAUTIAL 30 AU WaAhan A1 viAn
FuUszAnsuoanivasnseuuin (Cronbach’s alpha
coefficient) Arfleonsuld wihiu 0.7 wazeuddeiile
AANERITL 1IAU 0.80 (Kaiwan, 2015)

A15AUTIVIINT DA

Y

¥

NMAREaTUINIUNMTTUTERINANENTINNTS
Aelunyed uminerdousans lagldlaviiuses
935553 lunyudfo IRB No. 0493/62 wazyAnw
I§uasingusrasdvaanisinulinguiienmsu
wieuvliteyaifeatuanslunisufiasniadisoy
Welpazlifinansznule 9 dongusiedie uasngy
fegildudugeudniunsiduaunsaufiasnisdn
slldmnian deyafildannguiegsasfuanudy

' a = | = Y |
LugniUameidusieynna ladszydengusdiagiely




wuuasunuLaztoyavzdiausluN N IULAZIINN
THamglunsinunadstividu lnenduieganey
LUvAUINREALLeY $1uu 1 A% Teeldnanly
A15MBU 15-30 W17

ananidlun1sinsieidaya

AAnwhdeyansiunulalunmvgeuniy
gnaeuazasuiuneuilyiiased lngldlusunsy

o v A

SPSS 2019 Tneimunsesuiloddait 0.05 fail

1. Sinszidadudiuyananazdeyaily
fun e oy seldladedaifou ondn seduns
Anw N135u3InasvesUse vy lagldadifnssaun
(descriptive statistics) Ingn15ATIEAIIUIU A1T0RE
Anady wazdnideauumnsgiu

2. Apsgrienuduiusseninedadediu
yARa A3 viruaRn1sInMsveadedunseluasiSeu
vosseavuny 5 Truunaneeeld unailes Ywin
fwaylan Jnsrenlayldads Chi-square

NAN1333Y
anwazniluvainguidagng

naumeg1s A Ussunyuiinauwuuasuniy
dulvdumandgs Soeay 58.20 fiongeelugag 34-47

M1919 1

U Sowaz 36.90 eldindesiaifiou Yesniwdewindu
31,333.33 U $988% 98.30 aun1TANYIUTEONANEN
Fouay 49.50 wardan unInansa Ao dusd 088y
66.90 1aglasuteyatnasiAsrtunisianisvesde
dumsne Yevar 89.90 UszneusIniudrsunndian
Soway 28.60 drulnaiduaudnluniiseu Sovay
91.30 wazlidsunisluguyu Seuay 94.80

AU3EaIN15dansvandedunsrelunsitou

dadlvgjuszyvuiiaiusisenisinnisves
FedunseluaiFeueglusedud Seeas 85.70 lag
Uszmvudnlnglianuinlignieufeiuringis

LA DNT YA I ARLAIN U MUALED E1UN50

Urluidnlaeilanavdedesyanquinesiatey 50
WURLLAT Fogay 21.30 fan1519 1

A a ¢ I o i =~
Weodnsevinallusiede wuin Useynvull
AMUTUINTGANEITU “UoUFeTUATIHAITNIEIN
9 =~ M o1 = ~ A I3
YerdunTIeFunnliiay viieanuinesinsunases
| DY) = v, a = Y
druviosdudawseuliln” Tnefiamazuuuaie iy
0.97 WAfIIAANFUINTGALNEITU “VINE1BIUUAS
= + s o w o v 1%
vionsrdesasdidaunainlinuauas awnsn
Unluidnlaeilanavdedesyanauinetiatey 50
wuAns” InediA1aziuuady Wiidu 0.79 (11514 2)

TIMIU S08aUAYANAREYEIAIINFIT0INITIANTITYBNFEIUnTI8lUATUTOUYEIUSETITY (N = 287)

AU3NTIANTsvaadedunseluaiaizou AaUYN ABUHA X
n (%) n (%)

1. Ineneiusasasatindusussqasesle 229 (79.80) 58 (20.20) 0.80

2. msidenldanuliarefianunsadinduainmnionunls 233 (81.20) 54 (18.80) 0.81

JunsanUSunawesdedunseluasiousgimila

3. vamgnsiuuasvsenselasalsdidauuacitldvan 226 (78.70) 61 (21.30) 0.79

4 =

waa d@uisaunlunidnlagilanaudedasuaviananagng
1198 50 WURLUAT

9 9

Fr e ropnA: Vol. 15 No. 1 January-April 2021

Science and Technology



1519 1 (AB)

Au3N1sIANTsvaadedunseluaiaizou AauUQn ABUHIA X
n (%) n (%)

4. nsfanenvendedunsigluaiiSeunswiluiadu 264 (92.00) 23 (8.00) 0.92

Fegndu

5. ansusendeglununinesillelransgdnindon dwaldl 269 (93.70) 18 (6.30) 0.94

Wansazanlunvlazdn

6. vaudvdunsgluniaFeuniniidnlignuan agvinld 267 (93.00) 20 (7.00) 0.93

innadedoguninle

7. msfianasaldl wusme3d asedldlnin azlinasents 276 (96.20) 11 (3.80) 0.96

% a ;4 < 1 U
anAsludandondunaiuiu wu a15Usen azin
8. NMslisuaInzAInLuUaeestulTuauIn vinliin - 265 (92.30) 22 (7.70) 0.92
Jaymguamssezenila wu ssuunisiauvedlauas
AUNNITWARLER
9. nezlosansiail vaonliuunpes wazia3osldlnia s 250 (87.1) 37 (12.90) 0.87
azisludsvzdunsedunavingu
10. ansounswluaulnaty laun wwsndla Ysen wag 266 (92.70) 21 (7.30) 0.93

v A = o Y a <
Tangntindu 9 Fanunsainbitinlspugiss
11. voududypsrsluasiFou awnsaiavsnaviossuie 235 (81.90) 52 (78.10) 0.82
11 wisourasuIasIsusle
12. vaudedynstendsisasisvesdunseduasilisn 279 (97.20) 8 (2.80) 0.97
=~ = a 3 1 a s L=
Fu wivaauniesnnsunasasduviosdudnnsaul I
A1914 2
TININ a2 I0gayYeITZAUAINGTEINITINNITYOUTEoUATIEIUATITOUYEIUTE IV (N = 287)

Y 4 o 14
3TAUAIINS U Sovasz
AU TEAUAITUTUUSS 9 3.10
AU TEAUUIUNAN 32 11.10
AU TEAUR 246 85.70
394 287 100.00

iruARFoINsInNsveadssuneluniisou Weolmswsuailusieds wuin Usyanvudl

Uszraudiulngfivimuaiidoanisianiseends  fAuARGauinunniiaafediu “viuAndnasdauen

(%

sunseluniaSousylusedud fosay 74.60 daude  veudvdunsrvanunasiie wu dwbeu ey
~ | A v a a a A | o S Yooy A o A Y i
fszrmudmlngiiruafludsauinniian foviiu 1A Wudu” lnsfidazuuuiade witiy 2.72 ud
AntimsfanenveadedunseluniFeududes  filvimuefideauinniaainedtu “vinuAaiinisdnuen

g981NUALLADNAT FaA79 3 voudesuniglupfiSeuiuitosgenn uasidanan”

TnglA1ALLuLRaY Windu 1.55 (11519 4)

, , NFEFIVINTUM IS BaLiisuede
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad



M1919 3

TIUIY SOEALUALANARIVDITIANARLSDINITINNITYaNALEUn 18 luATITouYasUs s 1Yl (n = 287)

NAUARNITIANITVD L HLIUATIEY wiugre  lawdla  ludiuaae X
lun¥aizou n (%) n (%) n (%)
1. vhudadnsuilidgymvesdysunseluniizou 56 60 171 1.59
Lﬂwmmammm']uswmsmmu (19.50) (20.90) (59.60)
2. uAnIINITAakenvasdsdunsieluasisowdu 50 59 178 1.55
139989810 LazideLan (17.40)  (20.60)  (62.00)
3. YiuAndrAlsAnLeN YL dEduATIBRINUTEIA LR 222 51 14 2.72
wu drudeu fiegende (Judu (77.40)  (17.80)  (4.90)
4. vinuan e ulnaefiviutasidonan nauiveaan 56 88 143 1.70
Tyraeanun aunsaldiiawansula (19.50) (30.70) (49.80)
5. iuAndvezyaneguazededunsigluaiiiou 40 90 157 1.59
anunsailanaumieisnisiednule (13.90) (31.40) (54.70)
6. vhuﬁmmmmmmLﬁaé’umsﬂauanmﬂ%tﬂu’é’umw 194 78 15 2.62
Aogunmuad dwihliiAanisavaslueinialumin lufu - (67.60)  (27.20) (5.20)
Tuivwazdnile
7. ﬁﬂuﬁ@’jﬂ%ﬂﬂ}ﬂ%@ﬂ‘?ﬂﬂﬁﬂLLaSLLNﬂ?ﬂﬂiﬁLgﬂﬂiaﬁﬂﬁ 186 94 7 2.62
Pflanslusiiu flanunsvhaiensviuesdiu wazslu  (64.80)  (32.80) (2.40)
A15NULSINS1BUTI
8. uAndMsAntenvesdedunselilunvugaunsal 180 102 5 2.61
a3 nunu Fredestuansiisluald (62.70) (35.50) (1.70)
A1519 4
T Uz oAz YIS s uviALAfisaINITnnITveusssunTIelun TISouYesUsE I (n = 287)
STAUNAUAR 37UIUY $peay
fruARTEAUAITUTUUSS 0 0.00
AAuARTEAUUIUNAIY 73 25.40
AAUARTEAUR 214 74.60
374 287 100.00

wqaniiunﬁ%’ﬂnﬁ%zﬁmﬁ?’fa
UszrwudiulvgiingAnssunisinnisveside
sunseaglusedud Sesas 71.40 uardmiungAnssy
fszawuUfoRligndesnniian fie vinuanamthnin
pudEsEINNsduRaveLduduns1sluaTIS o Wiy
nseUasansiall fan1s19 5
dlodnseinadusiete wuin Ussyud]

NOANTTUTMLIBANUINAGANITY “Ude91n1n
=l 2 Y G o % 1 v =l v
Yaadsdunselunsisauluidn vinudsilaliazene

P ' ¥ " A a W
meayuaziiaren” Wnglanzuuuaie Wiy 2.75
widsingAnssunlumunganuniigaiiediu “vinu
AUNUININBUNNYTENINNTEIUNAVD LAY UNTY
Tuas5ou wu nseUasasall” InelA1AskuLLRAY
WU 1.18 (11514 6)

Fr e ropnA: Vol. 15 No. 1 January-April 2021

Science and Technology



M1319 5

T SogazUAYANRFIYBINGANTIUNITIAN I TYONUFIOUN T8 AT ITOUYENUTEYIYY (n = 287)

WYANTINNIIIANTVaUTEIUNIT 1 lUASITU Ujjun UfUp laitag X
U3z UNATY Uue
n (%) n (%) n (%)
1. ﬁwuﬁwwaamlﬂﬂwﬁ@aLLé’alﬁiﬂuﬂdaaLﬁu 73910 133 139 15 2.41
Agniadefiud seninnhluidugsesiuvesdunsie  (46.30) (48.40) (5.20)
Tungjinu
2. ynufnuenuersuneUsunvviaen i enuunne3 155 127 5 2.52
aulnay vIne1%LLaY 9NAINVYLUTELANDY (54.00) (44.30) (1.70)
3. YINUANINYBLATDUNT1ETUASTISBULABNITHR 22 145 120 1.66
(7.70) (50.50) (41.80)
4. yiruaugaloyeseninenisdudaveadedunsiely 100 129 58 2.15
ASIEDU WU N5EUDIANSLIAL WURLABS (34.80) (44.90) (20.20)
5. wasannunvaadedunsigluadasoulundn vinu 223 57 7 2.75
ansilalviazanndieayuaziiazein (77.70) (19.90) (2.40)
6. iufiuenvendesunselyasiSeuliluiisueds 194 73 20 2.61
An%9 19lnaaninuazdniifes (67.60) (25.40) (7.00)
7. iuvhnisilenavvesdssunsieluaiBeuiiliugn 90 121 76 2.05
lngyaviaudnegaties 50 WuRLAS (31.40)  (42.20)0  (26.50)
8. utvendsdunsieluasisaunduunlylva wu 19 52 216 1.42
n15unsedasansadiunannuasdunivueldveas (6.60) (18.10) (75.30)
9, Munswendsdunstsluniisauagunasdl nie 17 54 216 1.31
Nunanssae Waldauasanan (5.90) (18.80) (75.30)
10. MIMUAINNLININDUINYTLNINNTH U HVD LT 118 103 66 1.18
dunsnelumsiSou wWu nsedasasiad (41.10) (35.90) (23.00)
11. Mupvvesdsdunseluasizeulivuiuresld 66 43 148 1.71
Mmlungludnu (23.00) (25.40) (51.60)
12. viudendedudiiarunsaldaulgeiuig e 147 129 11 2.47
WumsaaUSunavendesnsienaziindu wu awlv  (51.20) (44.90) (3.80)
aefaIuITavIsaLUnLe
13. virwivendssunseluniizeuluisasludves 176 94 17 2.55

UATIBALA M’%@ﬁim%’waxé’umwﬁaqﬁﬂsﬂﬂmm (61.30) (32.80) (5.90)
duviosduladnnsonlilnviug

, , NFEFIVINTUM IS BaLiisuede
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad




ANFUNUS 52113190 UAUNANTITUAITIANTS
vaudvdunsielundiisouvasuszanvu

AUFUNUS eI oyaduyAAaLAY

v

oyaThluvesUszrwuiunginssunisdnnisves
@edunselunsTounIussynsu WUl sEau
n1sAny aniunInausa nslasudeyarnians
wazeTn HAINFURUSAUNANTIUNITIANITVD
w@edunssluniitouvesussrivusy1siidodingy

aa

N@n6 (p<.001 p=.009 p<.001 uay p<.001 AU

f
A19U) 91519 7

f1319 6

ANUAUNUS TENT AN AUNGANTTTUANS
Jan1svedssunsieluasizoureslszynvu wuin
ANuFANUFuRUSAuNgANTIUAITIANIT VR LLEY
dunsisluadiSouvoslszrvu ogddudAynIg
adf (Fisher’s Exact test=23.428, p<.001) A4A13749 8

ANUENRUSITNINVIAUARIUNGANTITUNIS
Jan1svedssunsieluasizoureslszynvu wuin
AAUARLAUANNUS AUNGANTIUNITIANITVRLEE
sunseluadiFouveslssrrvusdnildodAgynig
adf (Fisher’s Exact test=32.162, p<.001) $41919 9

T haz3a8ay YaITEAUNINTIUNITIANITYBNGLUNTI8UATUTOUYEIUTEYIVY (N = 287)

FTAUNOANTIY AU Joway
NOANTIUTTAUAITUTUUT 1 0.30
NHANTIUIZTAUUIUNAT 81 28.20
NOANITIUTEAUA 205 71.40
394 287 100.00
A1919 7

'
o

AMINFUTUT T2V I1NYeyaa IuYARaUaz ToyaIUYeUse nIvuAUNgAnTTuNI15IANI TR UnTIE Y

v

ATUTUYRIYSEYI17Y (N = 287)

U2y X p-value
FZAUNITANY 38.308 .000**
A0NUNINAUTA 16.440 .009*
nslasudeyatnians 22.741 .000**
91N 33.341 .000%*

wewg * = vdrAynadansedu .001 Jinsgvinnuduiusingld Fisher’'s Exact test

2}

** = fydAgY N9

AANSEAU .01 AAT1ziANuduNUSIaglY Fisher’s Exact test

Fr e ropnA: Vol. 15 No. 1 January-April 2021

Science and Technology



f1919 8

AUFUNUS T2 INAIUTTUNGANTTTUNTITIANISYeNAEoUN 518 TUATITOUYEIUTE VIV (n=287)

AU3 WHANTITY X p-value
oy Urunang 1N
n (%) n (%) n (%)
Uog 1(0.30) 6 (2.10) 2(0.70) 23.428 .000*
Junang 0 (0.00) 15 (5.20) 17 (5.90)
un 0 (0.00) 60 (20.90) 186 (64.80)

Y

wgwg * = IedrAgynadansedu .001 Jinsgvianuduiugiagld Fisher’s Exact test

M1919 9

AIUFUNUSTE NI NAAUARAUNANTTTUNITIANITYBUFEIUN 181 UATUTOUVEIUSEYIVY (n=287)

7IAUAR NHANTITY X p-value
oy Urunang 1N
n (%) n (%) n (%)
g 1(0.30) 6 (2.10) 2(0.70) 23.428 .000*
Junang 0 (0.00) 15 (5.20) 17 (5.90)
un 0 (0.00) 60 (20.90) 186 (64.80)

Y

wgwg * = edrAynadansedu .001 Jinsgvinnuduiusiagld Fisher’'s Exact test

n1sanUsIENa Wiy Janiadedlval Ae N3Fuiiinlens sgneditduddny

v e ve o N9EDANTEAU .000 WALADAARDINUNANITNISAN®N
sERuNIAn® anunmasa mslasudeya

. A e e e o 9 294 Khongnork (2012) wua1 813wilanuduiusiu
Y1815 waze1TN danuduiusiungAnssunsinns

o o o G me oo IANIFVYLYUVY LNAUIARIUANDUNINY BN D LUUAS
voududunsnelundiouresusyevusgiitudfny . v

YY) = v <, A A
aa JUINUATIIN 10 1 RPN
Y3EER (p<.001 p=.009 p<.001 uay p<.001 gy SInUATIIEEN Indlfiuvasuanuluiniosdiely

o w v o = . mmﬁusamw%’ama
AMU) WASABAAADINUNANITAITANYIVBY Bassi, Y

Christensen and Damgaard (2018) Wu31 26U mulmmﬂsmwuummgLsaammmmi

a v

ﬂ’]iﬁﬂiﬂﬁﬂ’}’]ﬂﬁﬂﬁﬂﬁ?ﬁUwqaﬂiimﬂ’]iﬂ’]i{f@ﬂ’]i GuaaLasJaumwa‘LumaLiaanIusmm 3988y 85.70

vozgarloslupsiseuluglsy lnglduuvasuanndu Wedszrsudaulvimugithignaeaisaiuyn

Lﬂ%@\‘lﬁ’&ﬂﬂﬂWﬁLﬁUi’JUi’JMﬁi’J’E)Ha LAZADAARDINUNIS 912 LNaIN3 8N TEUEUTI ATALLAIN I RUALA

Anw199 Uparasit, Na ChiangMai and Chawapong awsnilumdnlasilanaudadesyavauinegis

(2015) wui1 Jadeiifluasonginssunisannisagy  2oY 50 wufiuns Seeaz 21.30 lagdsnslenau

yarlesvesaiFouluwamauiadiuadults sune  MENARINUNNI Yanquanetniey 1 1wn3 301

Aunquiteyurniiieanainulufiveesasiadl i

, , NFEFIVINTUM IS BaLiisuede
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad



mmuzussqé‘]qLLazIssJiJumaaﬁmﬂu%y’u 9 ANURUN
uAaztuUsEIN 10-15 [wuRuns ?Jmﬂau%y’uqmﬁm
FIBRAUNUI 50 LWURALUAT 1ﬁa§1uszﬁULauaﬁUﬁuﬁu
dudathedeniny “Sunsne” wazdenda (Pollution
Control Department, 2018)

ANuIHiANdTusiUNg AnTINNNTIAN1STeN
dedunreluaiSoustedifoddyneada Wesnn
A143 (knowledge) Lﬂu%gumﬂsuquamiuﬁL?‘imﬁ’u
ANEINNsatuNITIngIenazlaensinld uesdiu
168y v3eldils Fannusiinainnisandild uazsedn
18 InglaisnduiidesdmuAniidudou fatunssls
viosranliFadunszuiunisiiddyniedninetuay
BudunouiivsinlugnginssufineliAnaudla
nsi e Tunsiesneyt duasisiwaznisuseiiiu
ua Sadudunoufideddeufnuazeuaunsanis
dueNTY (Hospers, 1996) Faaeandeafunisanu
993 Nateewattana and Tienthavor (2017) l@nwn
Aud fiauai fdsnanenginssunisanueyyuy
win1 gnewies Jmdaneien lnedinguiieg1e 31U
486 AU 91N 18 1{UNU HANTITENUIN S¥AUAINT
voagusulunIsanvegaunan 5R laun n1sannisly
nslden nsthnduanldlua nistesus nsufias
nskild egluseivann ruaiuaznginssulunisan
verlunstodswewnuausndu nén 5R uazns
Fannsvezmuadutueglussiuituieuasseauann
dufulsdassiidwarenginssunisanveyeened

v o w a

pd1Ayneada loun o1y vlinvesesdnwl e

=b.

$U91IE1T 91N A0UNN UagANIIIUVAN 5R

2.

=

FINSANYILNUINTEAUNSANW AL LA TINUIINNT
lasudayadnastulinnuduiusiungfnssunis

[

dan1svendsdunsieluniiFoureslssvivusgg
fifoddynieadd wansliiiuinussmouiidsesu
nsAnulusziulsygniiueginginssudiang
TusgAumasnuaglaildsunsinu Tnenguinesis
TueAdeddningaunsdnuvidssaufne Anduy
Sowar 4950 Fufurdmilsvesnguinetie Faas

fnsiasuanuiviaiiuesaniansaeasiiiungy

19 =

A29819N1TLAUNISANWINN LLDINNNUANUEUNUS

FENINANUIUAENOANTIUNTIANNTVOLAYTUATIY
TunsSourasUssvvu

9111910398 wudn AeuaRdauduius
Aungfinssunisianisvendedunsisluasiiseu
vosUszmneu TnsUszanauiiiviauafidauiniuagi
woAnssufmngaulunsianisvede uassvu
AivimuaRBsavazinisdansfilidmanzan wiin
Usznwuanvgiiiauafizeanisdansvesdedunse
TunfiFousglusedud fevar 74.60 Tuuseifiud
Uszmvuilvirundludeau loud inufndinisAnuen
voudesunsreluaiiFeudubesdsenn uazidonan
oeslsfimuiSnadauenuesdunsetumnianug
Dosuflalleisfigenn Tas3Bnisdauen Futeluil
roufsmsfinsaerlufiovomiuinduvesidels
\Redunsenieiiivrodunndounioli Ingaziaan
vide amdydnuwaliRauunivurussy wu dydnvol
anshlasmuiiuuuneugussyfevssi thiudemds
Auues weiugdu dydnvalansiiy avnuiiuuy
AuzUTTUsTATITedeoah ansanusas ansusen
Tuvaenrgeasawus dydnvalansinnseuagnuiin
UuATUzUITNIaluLUAADTINEUR Ton1TuY
vs3gineANNEzeIn wazanansadaunas Loy
fszypgdnanivurussy Wy Waduuseniu s
duUn318 DANGER, TOXIC, CORROSIVE, wae FLAMMABLE
Hudu mndudnfviersuamelunsusussgiuieo
fosriunsunniin 1wy 15leiAsunasnvigesisaisus
Tudliiunasanilundeundoufuniovenie
nszany niisdefud Wusu vezdunmeiiuveanan
msuenUsznlimsudu Tnoufuliluneusilsl
hidwegluiisuuarlvifuiion udahluiidlunisus
v3pan1udifidvua iiesonisfususiuuasiily
f1dnogrsUaende unzuenivlvignisiisvesiy wu
vasavlgeaLsairus d1ulrane vieuunineIlnsdm
\ndouil MvurusTgansidauiamie ity nzies
danusd nsvlad ansminusad MUz UTsyansell @am Tu
fesesfuverdunseiifdunasiny ey sunse
UrUnldfuresily waglinilumn Hefundodisas
voszuid nsasdiliansiy dnsdudouly

EAU HERITAGE JOURNAL

Vol. 15 No. 1 January-April 2021 |

Science and Technology



daandeuls anvinefndenuiguniniinide

=

vgzyanagvetaAnsUnAsasdIuiosduliiofuvey
gunsgiivetluidnetnegnis (Pollution Control
Department, 2010)

AauARIANUENNUSAUNGANTIUNITINNIS
voudssunsieluasisousg19lded1Ayn9ais
fleaa7n Gibson (2000) A amsnevesvirumili3
Vimuad Ao fdndungAnssu luanuddndeuinvie
aau iuannzislalunsndeuiiozdmansenusie
nsRRUALBITEIYARATIL 1 flayAnady 4 o inguie
soaniunisnl InefiauaitannsaGeusvdodnnis
I@lngldusraunisal Jeaenadasdiu Khongpirun,
Thiphom and Chanthorn (2017) Anwiadefising
sengAnsIuNsIan1sves Tuvdtnulley suaundan
guneimed dandaiivalan nan1sfnwinudi anug
waraunszyin lunsdanisveyyaroeiinnudniug
UNGANTIUNITINNTVETLAK DL VRIUTEYVURE ]
Tedfgyfiszau .05 Fou missauiieadosnss
duaiuanufluBeanisdanonveriidaogluinusi
seduin wardnliiifivezanssuglivinisluiud
desniufitiduiiufivuundainagldnannduis
nsidnvesiudauunn fddyiandosaiiaind in
T sersUAIatsnNdAYUoINITUENVEZUAZNT
dnueeiignies Ineusslesidmivanuideianse
i lusulidumamdiigusudululdlunisnsusy
nMsdanisvesiid Ussansamdninlugnisantiam
velugugusoliluouinn

fanUssvsudulug ingfnssunis
Jan1sveadedunsigeglusydud Sovar 71.40 u
noAnssuNUTEI U URlignaewniian Ae vinu

<4

auntinneaudlyseninensdulavendedunsie
Tun$aiBou Fsazsilideoradenanansznusiogunm
awdanuunle W vaenyeeisawuaiiasuseniy
0sAUsznev eunnleuseniifinisussqogaeluay
szeaanitndsanelaenismelaansiivresusen
rarauluinanie vilvensualguides wiavida lulv
$18 viesefienisrauiiontt ndidesouuss
wazdlasuluusuaminazduduniald (Pollution
Control Department, 2017) NANLEFUTUS ANy
Tusnuideiiansalfidudeyaiofuuuimislunis
wAdgYmIAUNgANIIUVDINITIANTVRUFLTUNTIY
sely Tagdalusunsuvdeniseusuiiiedaaiuninmg
wagsimuadlungusegaidamuindnginssuogly
sedum T Ussrvuitldlddunmsdne (Julan
fisziunisiuiveyarniansin uagondndnizeu/
tinfinw LileannansznusisguawaasnlnegULUY
suaaﬁaﬂisuﬁumwzﬁmia%"mmmi ALAR TiFAUAR
wazngAnssuveanIsinnsveryarles laeiisnsd
Usgnoufemailnisnis n1sussens msuaniasy
Seus n1sefusiengunisansanagiinujUasiuiu
nannsildusin wagnisadieuseglalunisdiy
A3aN530 Hongthong and Chaichalerm (2017)

Jarauanuzlunisideasenaly

= = ¥ VY =l

AsinIsAnwIsULUUNIsIi AN Mo
NIZUIUNITATINATUNGANTINNITIANITVOILEY
dumnsgluasisaunvasanglinuuses1vuy wWaln
Usgyrvulinisdnnisvendesunsisluasisoules

| aa A o | aa

9819935 vseinlugnsquanulesifuasinangay
AungRnssuvesUsErvURE 198 Eusioly

&
g ;%; g

References

Bassi, S. A., Christensen T. H., & Damgaard, A. (2018). Environmental performance of household waste

management in Europe-An example of 7 countries. Waste Management, 69, 545-557.

doi: 10.1016/j.wasman.2017.07.042

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564




Best, J. W. (1997). Research in education. Englewood Cliffs, NJ: Prentice-Hell.
Bloom, S. B. (1975). Human characteristics and school learning. New York: McGraw Hill.
Gibson, J. (2000). Oreanization, behavior, structure, processes. New York: McGraw-Hill.

Hospers, J. (1996). An introduction to philosophical analysis. Colorado, Denver: Pearson Education,

University of Colorado, Denver.

Department of Environmental Quality Promotion. (2019). Situation for pollution in 2019. Retrieved
from http://www.pcd.go.th/file/Thailand%20Pollution%20Report%202018 Thai.pdf. (in Thai)

Hongthong, P., & Chaichalerm, S. (2017). Effect of behavioral program for behavior modification of
solid waste management in Pongprasarts Ubdistrict, Bangsapan District, Prachuap Khiri Khan
Province. Research 4.0 Innovation and Development SSRU’s 80th Anniversary, 1(8), 1864-1874.
(in Thai)

Khongpirun W., Thiphom, S., & Chanthorn, W. (2017). Factors associated with waste management
behaviors among Pongpa Village, Kaeng Sopha Sub-district, Wang Thong District, Phitsanulok
Province, Thailand. Journal of Health Science, 26(2), 310-321. (in Thai)

Kaewprayoon, S. (2015). Knowledge, attitude and behavior in household waste management of
people in Khuanlang Municipality, Hat Yai District, Songkhla Province (Master’s thesis).
Hatyai University. Songkhla. (in Thai)

Kaiwan, Y. (2015). The main research and statistics using SPSS program. Bangkok: Chulalongkorn University.
(in Thai)

Khongnork, P. (2012). A study on waste management of population in Don Wai Non Sung Municipal
District, Nakhon Ratchasima (Master’s thesis). Suranaree University. Nakhon Ratchasima
(in Thai)

Nateewattana J., & Tienthavor V. (2017). Knowledge and attitude to waste reduction behavior of
Mae Ka Community, Muang District, Phayao Province. Thai Science and Technology Journal,
25(2), 316-330. (in Thai)

Phungmuai, T. (2012). The Problem of garbage and solid waste management model appropriate to
the Wongkong prompiram District Phitsanulok Province to Sustainable development

(Master’s thesis). Pibulsongkram Rajabhat University. Phitsanulok (in Thai)

Pollution Control Department. (2010). Manual for hazardous waste separation from community.

Retrieved from http://www.ss-muni.go.th/ss-muni/mainfile/uploadsfiles 135.pdf. (in Thai)

Pollution Control Department. (2017). Major plan for waste management in Thailand (during 2016-2021).
Retrieved from https://bit.ly/36nreZ1 (in Thai)

Pollution Control Department. (2017). Report for hazardous waste in community in 2017.
Retrieved from https://bit.ly/31Zhtg8 (in Thai)

Fr e ropnA: Vol. 15 No. 1 January-April 2021

Science and Technology



Pollution Control Department. (2018). Chemical and hazardous waste. Retrieved from

http://www.pcd.go.th/info_serv/haz_chemicals_use.html (in Thai)

Rovinelli, R.J., & Hambleton, R.K. (1977). On the use of content specialists in the assessment of
criterion-referenced test item validity. Dutch Journal of Educational Research, 2, 49-60.
https://files.eric.ed.gov/fulltext/ED121845.pdf.

Yamane, T. (1973). Statistics: An Introductory Analysis. New York: Harper and Row Publication.

Uparasit, K., Na ChiangMai, N., & Chawapong, W. (2015). Household behavior on solid waste
management in Sunpong Municipality, Maerim District, Chiangmai Province. Journal of
graduate research, 6(2), 163-171. (in Thai)

&

e
a g }%S g

, NIANTIVINTUATINE DA W Te

)

~ S o &
U 15 aUU7 1 Uszdunou unsIAu-luwey 2564 atudveransuazvelulad




nrsinalaasandaurlnvivuiauviawasiaisulaaanlya

fndavuuanuadana
Hydroxyapatite Formation on Zirconium Dioxide Thin Film Coated on
Stainless Steel

ATanT TnAusIsu™ ¥ns dniuns’ waeissagh Wsuasy'

Srisuda Nithettham'*, Chatree Saknet' and Wanruedee Premcharoen’
'AIPIMINTIUAT ANEIAINTINAIART UINGIREYTI

'Department of Chemical Engineering, Faculty of Engineering, Burapha University
*Corresponding author: srisudas@eng.buu.ac.th

Received: August 25, 2020

Revised: November 25, 2020

Accepted: December 2, 2020

UNANED

msiseadsiifumawdsniiduunagesladeylneenlediindeuuuanuinaaiia 1nsn 316L FeT5Ad Suunaud
wunilnseu allameds Insufuildsusnandiunsivavesufiaenineusesendauvitiu 1:2 1:4 uag 0.5:4 waz
nageuninansUsznaulensendeunlnivuiiduuiawesladeslnoanledfieSsnananniedng 4 fudenis
wrluansazane Simulated Body Fluid 1unan 7 Ju udddnsizinadnuarvesiiduuawesiadeulaeanlyd
waransUsznoulansendoulnifiintudemadiang q ldud msdienmainndesqanssmididnasounuy
d04n31@ (Scanning Electron Microscope--SEM) finwssesdusznauiiemaiianisiiasisnsad@dnduuy
n3zR1ENd e (Enerey Dispersive X-Ray Spectroscopy—EDX) wagdameiinansnemaiinnisideauuessididng
(X-Ray Diffraction—-XRD) Han15@inw1 nui1 Aduunaweadedlaeenledildfinisinsedasadednduma
Tuludinuazawnszlnuea dsnsliufaeenduuludaduiigduilinnudundnveswesiadenlaoenlus
anawuazinananingiune ueslenndeumsiinansuszneulensentettininuth fiduuawestadleylnoanles
Avuendnidniigndaniousesndunisivavesufiaenineusosendiauyiniu 1:2 awnsomienili
Anansusznauleasendoulnyiléffianidesniiuiiingeilidimumisfusuddmivdedundoaduoy
1 wagdsnadnunadendeneaniosadlndidssrmamguiiniian uansdsasusznoulansendounliin
Iflanuanysalniigaiilofisufuaniozu

o w

AdAey: Wauuraweslalloulaeanles adnweds lansendeulni

EAU HERITAGE JOURNAL

Vol. 15 No. 1 January-April 2021

Science and Technology



Abstract

In this research, zirconium dioxide thin film was coated on stainless steel by using DC unbalanced
magnetron sputtering at the different Ar:O, flowrate ratios of 1:2, 1:4 and 0.5:4. The formation of
hydroxyapatite was tested by soaking zirconium dioxide thin film in simulated body fluid for 7 days.
Then, the characteristics of zirconium dioxide thin film and formed hydroxyapatite were investigated
by following techniques: Scanning Electron Microscope--SEM, Energy Dispersive X-Ray Spectroscopy
--EDX and X-Ray Diffraction--XRD. The results show that the crystallography of zirconium dioxide thin
film was monoclinic and tetragonal phase. The increase in oxygen ratio caused the low crystallinity
and large crystal size of zirconium dioxide. After soaking in simulate body fluid, zirconium dioxide thin
film with the smallest crystal size prepared by using 1:2 Ar:O, flowrate ratio was considered to be the
favorable condition for hydroxyapatite formation owing to high surface area and nucleus formation site.

The Ca/P ratio was closed to theoretical value which was the most complete one among the others.

Keywords: zirconium dioxide thin film, sputtering, hydroxyapatite
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L‘%Bﬂdﬁﬂiﬁﬂgmiﬂj stress-shielding (Ruksudjarit,
2008)

wenwtlenTanussmlaieldn waiinganmn
Jutandnusziammisiilafinisiandnwiiieldidu
Taqnaununsean wu exgiivn JuluTanwsfinann
Usznniinnutestisou]Asengedinin (nearly
inert bioceramics) finMsthunldnuausnasud U a.a.

dl Y o v < ]

1970 tHlpannidniusanIeuyedls IAuuduns
fon15a187 waznuaenisianseulad (Ruksudjarit,
2008) woaslailolneenlas (210 ) 1u nearly inert
bioceramics 8nUszunnmilanfinisanentantgnudu
) & 1= = '
TAANALNUNTEANAUAT A.A. 1985 FINUI1 UBNIN
710, azilpuandiintuiiiedelad darwamnsaly
n1snun1sinnseuas Ianudsaniue liazadely
ldonaziion (Bollino, Armenia & Tranquillo,
2017) fanudn Zr0 finnumumiusenIsuanings

i

nIergiundnee

Tanws1inTin ndsenndu  lawn Usean

aaa a

7fiauieshlunisiinufizendedinimduogng




uniazaanesala (resorbable bioceramics) Wu
Insuma@ouneains (Tri-calcium Phosphate--TCP)
faqussiamiiaaes o aanell vewnderfisdlassain
LﬁaiﬁLﬁaL?J'aﬂss@ﬂmmsimwaLﬁm%ﬂmjwuﬁ
Fumiada agnalsinny damlunslitaguasiand
Ao ldanunsavihunednsnisaaieiivesianls waz
flaudivenadildd wu Sanusz uanwnde &
v %ammaa‘lﬁlﬁmwwﬂsx@ﬂdauﬁ%’uLLsQﬂasJwi'nfu
(Likitwanichkool, 1998; Ruksudjarit, 2008)

o @

dmfutagusindinmdanguuiady
Usziandisinradedhlunmaiiaujisendetdanmuay
vl weiliiganasa (surface-active bioceramics)
loun lulenana (Bioglass) wazlensendeullni
(hydroxyapatite—HAp) anunsadnfuiiiodela tne
wasrsdusnansivhviihiigaiaantuideenszgn
Tugnane anansolldlusuuuuiu e vieduans
\deuiauutandu  (Likitwanichkool, 1998)

Mnfinananazdiiln 710, Wi indinm
Ussiavviafifanuthaulauasfinsdinuidedidnw
msl zo, \iuTaamaununszgnedsiandos léun
Uchida, Kim, Kokubo, Miyaji and Nakamura (2001)
IdmpapunsifinansUszney HAp uuildu 2o, finTeu
AwIdlralaa vienateuidelanssunsulndnves
Zr0 /HAp Lﬁ@lﬁﬁLﬂui’a@wwLmumz@mmzﬁu (Lim,
Muchtar, Mustaffa & Tan, 2014; Sabree & Mahdi,
2018) atslsinu faudi 2o, axduiagesiindanm
ilnaautRmngfunmshanldiduianmaununszen
widsmsiidunugs JalenAdeRfuuaalunisliian
AfFunuindmndulassarmdnunuuagiadon
aw Zr0, awui’a@ﬁ?u 191 Nararajan et al. (2009)
ld@nwinsindouilay zro, sedSlvamalaunisgy
wasuluansazanslvaveaesiafon [Wudu dae
wiamaiinanan TunmAdeiFsldimuadluadouiid
U Z10, vuslauLadada Fadutaniisunusiindd
lagilduuns Zro, Fomnziumsidlumanisunmddu
msazilasaarmaaiifiniueu liflswmyioasdu
Wouu Badanduiuduamsviazdannunuyniu Ady

a

U Zr0, Allassasraduameselnuaatuazl

AaaudRvsnainzaniunisiinUssendlddu
FanTinmn1anisunng (Cataoru et al,, 2019) uan

9

91Nt Uchida et al. (2002a) wuin fldauns 710,
fiflassadraduannselnueansemaluluaadn
amnsamieniliAe HAp Windnlassaie edugiu
Snvailduu 7r0, ﬁﬁmmLﬂuwﬁﬂqwmammm
drilgruiedorninlassadeiidaudundne
(Thaveedeetrakul, Boonamnuayvitaya & Witit-
anun, 2012a) fstfy Fnsndeuiiteliligaauds
yosilanusimIzandaianudidgds Jagiuns
wdoufiduunsiuiivaremaie dud nsgundou
Tulwalaa (Uchida et al., 2001; Nagarajan et al,,
2009; Bollino et al., 2017) GufnaziAndayminisuen
WasznIelaundouiudualnsy (Balestra, Ribeiro,
Oliveira, Cavaleiro & Oliveira, 2014) wiAtlAnanaunawse
(plasma spray) \umadafifduyuiuazisnsing
\ndeufiningaunszuaumsiseddgumniaidena
szvhliAnnsUasuulaaudfinmaaiivesansadeu
19 (Balestra et al., 2014) d@wsumailauuninsou

¢ A

alamess (magnetron sputtering) Wanueilaag

o

a a

flanuueaiaue ANUNUILLUGS TAUUTND
Y Badauuuiuduanm aansaniuaulasaEsng
seAvganiale waglidedviaiuseuasivduainy
TusEMIeNsEUIUN eI ELTlduU1e Feastostunis
AaAnuEsmetailduunswar S UaA TN (Witit-anun,
Kasemanankul, Chaiyakun & Limsuwan, 2009; Balestra
et al, 2014) lnuwalauuninsouatnneiazinan
A9 n3Fatamesdu q wu lessudualmneds
(ion-beam sputtering) LilosaniinsiAnUfAzen
ilsyrinuiashonfin Wy eandiau waglulnsiau
Fdeudinszurunistudiasiadeuriioindy
oumaatamoifideduszneunudenisnouay
dovasuuduanTy sinagldiunisinssuiauu1sues
ansUsznaveenluniazlulns Wudu ditalnnesae
u 9 Ty duureiinduariliassadraniioutud
a13indou (Wikepedia, 2020)

aal = a & g v
Tuuniaseuadnwesadunszuiunsilay
uUMANS UL TER iR aINsAdeulivgaoen
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wlugUrasle uasirduiunuaududuvesiiduun
(Witit-anun et al., 2009) Fen15iAdeuilduui Zr0,
Tuagldufaensneu (A ueniinuiauas duuvas
r‘hLﬁ@laaauwé’muqaﬁ"‘jwuﬂwLﬂiaﬁﬂlﬁamﬁaﬁﬂﬁ
9¥ABNTBI Zr MqAapnunsmimInuLi@eandiau (O)
ﬁﬂauvﬂ’wqjixwuazmﬂmmmﬁawuﬁ’mﬂ’waq
Fuansm flnuddefildfnwsuusing 4 Tunssuiunis
aUsLmas9 Wy Thaveedeetrakul, Witit-anun and
Boonamnuayvitaya (2012b) lafnwinavesszes
nesgnadiasiedeuiuduansnenuanyue
YBIAUU 21O lesudenisnesivesasiseneu
HAp vuilduU tazlaseaulinssesiesewinadh
ansndounazduamsvlugae 8-12 cm Tuuanmei
IALNEEUAUN A IUTRLUNS Zr0, fianusawmieni
TrAansnesvesasUszneu HAp 1on wayludinun
Thaveedeetrakul, Witit-anun and Boonamnuayvitaya
(2013) lAnwInavein1susuUdsusgdelni1lu
nszuunsatdnmeselugae 120-300 W sieadnue
VOWENU Zr0, flduasnisnesvesaisusznau
HAp @enudn st dslnilvilwlaRdy Zrozﬁﬁ
auananlnadusaiinnumuniintu esansssney
HAp a1unsanadaldAuleld i dslniaedn 9 lunis
allmmoe iesnndn 2r02 flvunadnuaziiiuiin
gedsnalrlidummistusuflunisefdndoagaude
uanantiu Sndulsnisiiinarenuinuus oy
V9 Zr0, lsiuA dmsnenunisivavesifia ArO (Chaiyakun,
Witit-anun, Sriyanaluk & Tavorntira, 1998) lng) Ma,
Lapostolle, Briois and Zhang (2007) wu31 U3
uta O, finasiolasainsvasilanuis Zro, fimnus
gouvafia O, N 15% Aauunadildasilassasn
odugu Wemnufugesvasuia O, gan31 15% 39
IWNUNANYBY 21O, waziilomusugosvouia 0,
gandn 73% axlilduung o undniidlaseaing
nansznaalulumddnuasiannsylnuea agals
AnuluauiTeves Ma et al. (2007) 1 umsiwSeuilds
UNZr0, WieUszgndldnasnudy 9 Alimansunmd
1% Laser mirrors W@z broadband interference filters

¥
=2

Wudu satuluanuideileda@nuinisusuilasuan

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

dnsndunisivaveniia ArO, Mdawatianuinune

1%

Y@3ildn Zr0_ wazansuszneu HAp ity

nsnaaeuAIiulAvesTagnauny
nszaniuiiioide fenliiinnaoulnenisutiodis
adluansazane Simulated Body Fluid—-SBF &afiu
ansaransiifianududureslessusie q IndiAes
Aunanauluidensywdfigumgil 37°C (Kokubo &
Takadama, 2006; Lluch, Ferrer & Pradas, 2009)
diewmdgniliiAnasuszneu HAp lagansuseneu
HAp TAntusrannsadfuidedelussnmelanst
9n31dvee Ca/P Indifissriunseanuasftuveuyud
Ao AA1Usranad 1.67 (Komlev & Barinov, 2006) 1ag
nalnnsifin HAp Vuildaune Zro, fu Buduainnis
\Aiavy 7r-OH BsanusamienilhAndandoaves
oUlndi (Uchida et al, 2002b) 9Mnsu Ca® uae
HPO,” Tuansazany SBF aziiunsimduuilanios
vosotlmiifiusntuasiindunguiiounes HAp vy
Havasiagnuununszan (Kokubo, 1998) dmiueu
il IfnTeuiiduuns 710, \neipdiouuuamuLasEfa
in3m 3161 Fadunsaiidenldifuiaguaununszgn
(Nagarajan et al., 2009) waziiielarlafdaung 710,
fwngiumsldnuduiagmaununsegn auzide
80NTTNTARUAIEITAT DUUIALD LunTlnTou
alamo3e uasnw1dvdnavessndiunisinaves
uiid Ar:O, Afdenudnuuzyosflduug Zr0, il
osnndndruvesiueniinufanioutia 02 fuase
dnuazlasiEs1IvenEn 20, FAntussitlanaan
& wdnduddnwnmsinansuszneu HAp Uy
Weuune 710, Fuseule

10UTEaIANITITY

1. Anvnadnuarvesiiduuns Zo fiadiou
UUALULAdAR] LNTA 316L A835AT duuIaug
wuniinsou allawmess lngldnsidrunisluavesudia
ArO_ Wiy 1:2 1:4 uag 0.5:4 NIOAMNAULDBVDY
O, fiA15E1ing 67%-89% Feusuvasulugefivilw
lafduu1e Zro, fiflassasradunalulundfinuay
wnsglnuea




2. AinvnuanvrvedasUTENaU HAp fine
fTuuuilduuns 20, wdenualuansazate SBF
elddnsndrunisivavesufia ArO_ #i1e 9 fiu

5AdUN15I98

Famgunsaluazansied] duamsmlilumaindeu
Penung 710, Juawuasada nsm 3161 w0 1 Jadiuns
lasuniseuaTeianuIem nedendawmuiaa 911n
v wWhansedeuildlunisadane3easuu
Fuansn Ao uluiweslaonudans insa 702 vue
uRIUAUENANa 2 52 Wagnun 0.125 1 asuafiile
TunswSsuduamsnidiehanuarennounisindeu
Hauue loun lnsmaslsiedidu (Trichloroethylene,
Sigma-Aldrich) 8g@lau (Acetone, RCl Labscan)
wag 2-Iwswiuea (2-propanol, RCI Labscan) ay
¥usrAanlossy (Deioninzed water) @151Adl
dufunisesenansarais SBF Weldvnaaaunisiia
a15Usznau HAp laun leihsumaslsa (NaCl, RCI
Labscan) lspeuluansusiun (NaHCO,, RCI Labscan)
Tnuna@enaaslsa (KCL, RCI Labscan) lalwuwaide
lelasiauvloainlaslansn (K HPO 3H O, Sigma-
Aldrich) uunilifounaslsdienaylewnsn (MeCL6H O,
Merck Millipore) unaiiaainaalss (CaCl , RCI Labscan)
wazlufioudamin (Na SO, QREC)

issliodmiunsiadiouilanuns Zro Lases
A% suunaug wunilansou aUnwe3e (DC Unbalanced
Magnetron Sputtering) Fal@sunnueyAs1eRlunig
TdnsesnnviesdJiinsidemaluladgaygyinauag
duu1e nmedAdnd angInerans unInede
Y51 dmdunisiadeuilanune Zio vuuHuanuLad
a a1 o % 1 ¥ 1 1
afa daudsznoudifny 6 diu laun (1) syuunas
< Y o o ! < A 6 ¥
1 T wsunsvaefunalnauazitharsindeulali
nNIsazatesznItenszuIUNIsalinmess (2) ssuu
goyayina dmsuasiannagainiAlunigueiie
nszuun1salneess (3) MyuzagaInie vnanman
nanaulaaiiaIurun 3 dadiuns ldusiugugnans

23 WURIAT kaTEd 22 [wuRwng dYemiidiaie

dunausingnisalsing q arelunivusgyayinig 4
wHusEetuIUdMi U e UUSUsEBEsnLTnEn S
waeulalugae 4-15 wuduns (@) walnalazidians
\ndou mshanTandifimsineduresufiamannga
laufavuialannelagyyinaladiewaziniudiu
losh fimahlnariudhesnduuuiteldndeidu (5)
szuuelii dnsuludiuvesnisndou Gyl
walnasidnslaliinduau daunsmduazusiusestuny
Hendiluuan (6) ssuudounda Usynaunie Needle
valve uag Mass flow controller §113UAIVANDANTT
nstleunta Tneudaildlunisndeuldud e15nou
LAZoDNTLAU

n1sASENRIFUAIRSNADUIARaUNANUIY
ZrO2 dnawnuiadna 1nse 361L Wilsauna 1.5x1.5
fiadns wdasonszaensafierdndsanysn
wareanludse 9 sen astusudlsiisaen
looou 2-lnswiuea lnsraslsiefidu uavesdlau
audsu Tneddluaiesdansleindunan 5 wii
duduansieuazenusazela dsantudsy
ansvanuazermduiiusiaannlosoundadndluy
w3esdanslalingn 10 wiit thusuluauauuks
wazusssyldgamanafndudennawiulilunisusge
AITY

AsaaauRaNUIe Zro2 n1sAdeuilauung
10, Lﬁﬂ%uﬂﬂaiuﬂﬂsuuzgigzmﬂmﬁuaaLﬂ%q eE
duuaug Luniinseu alawess lneanaluinseua
AsAUSEUULAGDU 500 mA ihansindeuweslalioy
U3avdgnAndatudauelnafifssuuthibulvadoudie
syuneAdeu LA UEERaTIRIUNSYAIY
ALDIALAIINNUULHUTOISU LazARUATEEERIIRIN
Wansideu 10 cm e Thaveedeetrakul et al.
(2012b) lasreaulian szegrneseninadlans
\ndeuLazFuamsnlugag 8-12 cm tanduaniei
wsnzanfunesenilauuns Zro, Fanusanien

o

MAnansUsznau HAp 1ad 91ntu a@sean1ig

U
gynalunivuzgyyinaliiaudulssuu
1.0x10-5 mbar #slfidumpnusugiuresssuuneu
0

ZISUAGBUNANUIS MAUAATIEATIAIUNTS LAV
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wita Ar:O, Tnefinnsusudsuavintu 1:2 1:4 way
0.5:4 11ATFIWGNUIARPURLUATAOU (Standard
Cubic Centimeter per Minute at STP--SCCM) @14
g1eu FeuFuiudeulugrefivia i laf s uung Zr0, i
flassadrndumalulunddnuasianszlnuea 15u
N3¥UIUN13 Pre-sputtering lneUauuiaisnauidg
seuuifievhauazornihasedeudddnaussana
5 wiilneilududames (Shutter) AuszEminedusu
Fudhansiadeuiietasiunisiadeulinduuudy
NUTEWININSTIANazenattasiAfeu neean
Tz Bunszurunisiedeuilduung 710, lngvaoy
LLﬁaaaﬂ%LwLi’hgj'izwmumﬁﬁ’mumﬁué’aLTJ@LLcJu
Famesiiielfiinnsindevatuutueuy Tneauduy
YULLAFRUAUUALIVMNAU 5.0 x 10-3 mbar Tgan
Tunsedouiiduuns 120 wift easuiuuanandy
Unundsdnolvl Uauniudnines Unuia Ar waz O uas
Weemalildngnivusgainia uaiseussunn 5
w1l ﬁqﬁfl%umuaaﬂmﬂﬂwuxqﬁgapmmé"slﬁuﬁ
Tulagaanuduifiosensldeu

nsanwnsfinasUsznaulansendainlvm
Juruiadouiiduung ZrijaI%’ﬁmwmamﬁauﬁ
Sandumsivavesfia ArO, fishafiu gnismeaey
n1sinansUseneu HAp Tnenisuiluansazane SBF
Fuduansazansifinnududureslessusng q 1nd
Wweaiunaauludenvesywdlddmsunaaauay
dhiuldtudedouyudvesianiinim Tnudredeis
11338190 Kokubo and Takadama (2006) lu
nsnegeuldaisazate SBF Useuns 30 mL Usey
Tun1vuzfiviharnnwedaladu (Polystyrene) iilouy
Fusuadluasarats SBF udr dluduluguaded
gaumnd 37 °C1unan 7 fu daduszoznandisnsds
91N911338984 Thaveedeetrakul et al., 2013 finy
11 ansainansUszney HAp Ieauysal waziile
AsUMNRITUALE A 8819 T UL INLTE T
Unmnnloosuudiildiuisiguvaiveuasiulily
Tngaaudusansnaaay

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

NsAAssvinuanwazYesilanune Zro,
waza1sUsznau HAp JlasiesinasAnuinudnune
YFUU Z10, findeuvuanuiaaaiadiemaia
7119 9 T nsanenIndiendsganssmididnnseu
WUUABINTIA (Scanning Electron Microscope—SEM;
LEO 1450VP) lageingn WUy SE A18Waa91 15 kV
AnsgiisInesAUsEnaUUUlaL U Zr0 Mewmaile
AMTIATITUTIABNTUUUNTEANBNS991U (Energy
Dispersive X-Ray Spectroscopy--EDX; LEO 1450VP)
wazdnszilasseimanvesilduuis 210 Mmewmain
AM3LAEUUYesSELEnd (X-Ray Diffraction—-XRD;
Rigaku TTRAX II) Tdunasiniasedidndidu Cu
THanazlun1sinsend 40 kv uag 40 mA lag
ARNUYIYN 20 WU 20-60 B9A1 WATERTINTT
ALAUYIAY 0.02 9eraou dusuaisusznou
HAp TinTuuuilduung Zr0, axgnIAsIsieagy
wmedaiertuiuiinan iy fil Anundnvae
N1INDFIYREITUTENOU HAP AI8NITaI8AINANN
ndesganssAudidnasounuudsInsia (Scanning
Electron Microscope--SEM; LEO 1450VP) Tagangn
WUU SE Menaanu 15 kV uardinseisinesiusenay
AewalAN1IAIERSIEDnduUUNSENE NG9
(Energy Dispersive X-Ray Spectroscopy--EDX;
LEO 1450VP) uagitas1gilaseastamdnsgimaile
AMs1aEaLULYessadidnd (X-Ray Diffraction—-XRD;
Rigaku TTRAX II) Tunasiudass@dndidu cu 14
anglun13eszA 40 kV wag 40 mA Tngauny
Y933 20 WU 20-60 89T LALENITINTALNY
Wiy 0.02 99FEaUN




NAN1SIYLALNI59AUSIENE

AuANwMzYRIN AU Zr0, fndauuy
Anuagafa 91nnnsansawRuRA TSI Zr0_ ¢y
At SEM faniw 1 wuan flduuns 210, fidnwme
Tawaru1auInauauIsaneiuiaduansniisinas
Famanszarenseladaeu dannsldsnsidiuns
Inavesuia Ar:0, wansnafullaiunsadaunaudiu
AILANGAN RIS NWaE LA aTld LU Zr0_ 970
ey SEM e dmsunisinsieisigesdlseney
Y99iaNU Zr0 wuin disgweslaten () uay
pandau (0) WussAUsEnaunan AlanlunIn 2
wazifiosanfiduiidnwazurauinlunisinseias
wusmiduesdusznevvesanuaaaia 3161 Al
Hudvawsnaie laun Tasiew (Cr) wan (Fe) uag
aniia (Ni) Iuﬁqﬂéfaa&m%umu

N1 XRD ¥99N15ILAT1LALATIAS 1HANUD
Wewu1e 210, fpdeulngldsnsdiunisinavesuia
ArO_ N3 9 i Farudugasved 0, ilA15zming
679%-89% WAAIFIAIN 3 WURILALSTIAT 28.0 34.0
35.4 uag 55.2 a9 Tunndnsdunisinavesuia
ArO, Fauanadeszuru m(-111) m(002) waz t(200)
YaIaNUN 70, anuafy wanslmAuIiduuns
Zr0, nsdnsedaseasianandumalaluadidn (m)
wasiamnszlnuea (O Wulvlunsdilndidesiuiu
ATU0I Ma et al. (2007) inudn mMapdeuiiduuns
Zr0, finnfugosvos 0, gani1 73% aglanan 10,
fiflassasraduralulurdninuasinamnsyinuealag
Tassadandniidumannsslnueatuasinuana
menafimnzaufunniunlszendlfiduiandinm
(Cataoru et al, 2019) uazlassasrenanidua
wnselnuoandealulundinaiuisanieavild
An HAp laaninlassadisedagiu (Uchida et al,
2002a) waziiiosainiidy 710, fldnwaru1amInge
anunsodnTIvinuinvesanuaaaiia 3161 Al
FULAIN FRUnALs 43.7 waz 50.8 9IA7

WD = 16mm EHT = 1500 kV Signal A = SE1

l l Mag = 500 X

20pm

| —

Mag= 500X

WD= 16mm EHT =1500kV Signal A = SE1

AN 1 SEM va9lanung Zrozﬁm%mﬁwﬁmmw
Astraveania ArO, WINAU 1:2 1:4 wag 0.5:4
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AN 2 EDX ¥a9flanung 7r0, S eUAYTNTIAIY
A5baveaia Ar:O, WINAU 1:2 1:4 way 0.5:4

athalsfmudaudyndnsdunsivaveuia
ArO_azuansiialaseainaninyes 210, Ussianiiieariv
wan uefirvasietsiisnsdrunisinaveuia Ar:O,
winitu 1:2 Hufiaueuuaziimudiesingaiianuans
5\‘1ﬁmmlﬂuwﬁﬂgdﬁfm (Thaveedeetrakul et al.,
2013; Ureria et al,, 2018) uansloiifiuan n1slduia
02IuﬁmﬁauﬁqaﬂﬁuaW%ﬁﬂﬁmmLﬁumﬁﬂﬁuaa Zr0,
anas fafia XRD vasdataiilddnsdrunisinaves
uita ArO, Wiy 1:4 uag 0.5:4 Afgrureudnaniig

warfiauduvesiian tnefinieldanefiddndn
Vo O gy S1uaulevsuvonuiauYives Ar
flaglUruihansindevivsinadesas dufuerney
Zr ivgaesnunifisuiutos Weiflsuiuoyniaves
uifa O fitloudan uanantusrnou Zr waglugy
vosnaasnlagersazilassarsluanaiu 210 4
fvualngninlassasrsluseiveznounaziiidunia
3asviale (mean free path) anas N15uAAEUT T
a1 (Ma et al,, 2007) o19aztfuaivnfviliflduilyd
fiarudundnenas fatuil Thaveedeetrakul et al.
(2013) #na1nin Tunsatlameiseynadisingany
qmazmﬁauﬁlﬁﬁwsmmaaﬂas‘uéﬁLﬂuwﬁﬂﬁ'ﬁmm
auysailas

YUINVDINAN Zr02 ATUIURIUANNITUDY

v
a

Scherrer equation (Cullity, 1978) 4

KA

t - pcos© (1)

dlo t Ao vuievesndEn K Ao unawmesidwie
fifnAsiivszan 0.9 Ao AueAduvessididnddean
1.54059 Ssansau fio Aunivesinfinswilawes
AN (Full Width Half Maximum--FWHM) fintiag
Jusiieu waz A Ayuueawusnd a1319 1 wang
YUIAVBINGN ZrO, nnsadameseildsnsdiunis
Turasing 9 A wuan nstauia Oﬂué’mﬁauﬁqqsﬁuwiﬁ
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Abstract

This research aimed to prioritize Key Success Factors--KSFs for learning air traffic control by using

Analytic Hierarchy Process--AHP approach, using Civil Aviation Training Center--CATC as a case study.
The tools in this research were an assessment form for suitability of the KSFs in the context of CATC
and an AHP-based questionnaire for pairwise comparison. This study reviewed the literature on key
performance indicators and KSFs for learning air traffic control. Data on suitability of each KPI or
KSF were collected using an assessment form developed based on literature review, in which the
respondents were 20 instructors from CATC. The obtained data were the analyzed by one-sample
t-test at a significance level of 0.05, and seventeen KSFs were then identified. It could be concluded
that they were suitable in the context of CATC. Finally, these KSFs were prioritized by AHP approach
by 14 aviation traffic controllers. Each of them had experience in fields at least eight years. The AHP
results showed that the top three KSFs with the highest overall priority score were on the job training,
planning for appropriate training and knowledge of air traffic control, and the learner’s agreements,

respectively.

Keywords: air traffic control, learning, Key Success Factors, Analytic Hierarchy Process
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more complex. Therefore, there must be officers’

Introduction
At present, the transportation business is capability development by increasing learning
as well, in which the International Civil Aviation

Organization--ICAO has assigned the Air Traffic

expanding and growing continuously. From the

2019 Annual Report of Airports of Thailand Public

Company Limited, it found that in the fiscal year Controller--ATC is the person who responsible for

2019 there was a 2.41% increase in commercial handling and providing useful advice to aircraft.

aircraft fluctuations compared to the fiscal year To ensure safety, orderly and smooth air traffic

2018 (Annual report of Airports of Thailand Public routes.

Company Limited, 2019) which can in turn cause
the number of aircraft in Thai airspace (Bangkok
Flight Information Region) to become heavy traffic.
Therefore, in managing the air space (Airspace
Management), it is necessary to have good planning
for various commercial aircraft flight. From the
ground (Komnamool, 2008), by being aware and
giving great importance to safety, the number of

aircraft increases controlling air traffic becomes

Currently, the production of basic air traffic
controllers is carried out by the Civil Aviation
Training Center--CATC, an institution that produces
and trains air traffic controllers to have basic
knowledge, skills and attitudes to meet the
international standard. It is also an institute that
has been approved by the Civil Aviation Authority
of Thailand. The achievement of air traffic control

learning is considered a prime goal of the institute
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in the mission of producing air traffic controllers.
The achievement of this learning a trainer in the
Institute of Civil Aviation’s Air Traffic Management
course is essential to know the Key Success

Factors--KSFs in air traffic control learning.

However, there are currently very few
publications or research studies on the success
factor in air traffic control learning. Therefore, to
promote success in learning air traffic control, the
researchers are interested to study the KSFs in
air traffic control learning to know what factors
affect the success of air traffic control. Besides,
for effective learning, it is important to know the
priorities of the factors in order to correctly and
appropriately develop those KSFs in order of
importance. This leads to suggestions as well as
ways to increase efficiency in learning air traffic

control.

Therefore, this study aimed to identify
the list of KPIs and KSFs in the context of CACT,
and KPIs and KSFs have been then prioritized by
Analytic Hierarchy Process--AHP, a multi-criteria
decision-making methodology which is “wildly
applied in many areas because of its simplicity
and robustness in obtaining weights and integrating
heterogeneous data” (Gorsevski, Jankowski &
Gessler, 2006, p. 128).

Literature Reviews
1. Air Traffic Control

Air traffic control is the work of safety
services provided to aircraft in the sky, including
ground vehicles or aircraft, and weather news.
There are five objectives of air traffic management,
which are (1) prevent the collision between aircraft,
(2) prevent collisions between aircraft on the

manoeuvring area and obstructions on that area,

NIANTIVINTUATINE DA W Te
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(3) expedite and maintain an orderly flow of air
traffic, (4) provide advice and information useful
for the safe and efficient conduct of flights, and (5)
notify appropriate organizations regarding aircraft
in need of search and rescue aid, and assist such
organizations as required (Suklertnuntakij, 2001).
Air navigation is the key to safety, followed by
speed, where air traffic management must develop
technology, knowledge and competence in order
to effectively manage air traffic. To meets the air
navigation laws and regulations. How to follow
the correct steps (Panprasit & Somsuk, 2015),
air traffic control service can be separated by
area of services into 3 types: Aerodrome Control
Services; Approach Control Services; and Area

Control Services.
2. Learning on air traffic control

Learning is the awareness of new things
that have happened. The things that will cause
learning must pass the perception of the five
senses, namely hearing, sight, taste, sense,
touch, which is consistent with the research from
(Teesuka & Uamcharoen, 2015, p. 44). Moreover,
Gagne (1992) has seperated the theory of learning
is divided into 9 categories: (1) gain attention is
motivating learners to become more alert to
generate interest in the content they learn; (2)
specify objective is to let the students know the
purpose of the study so that students can study
by themselves in advance Including information
from elsewhere; (3) activate prior knowledge is
a review of previous knowledge from yesterday
or that just happened to encourage students to
relate new content to the original content; (4)
present new information is presentation of new
lessons do not be monotonous with the original
story; (5) guide learning is the guidance instead

of instructions for students to develop their own




ideas and to be independent of thinking; (6) elicit
learning is the stimulation by asking questions
or grouping to stimulate the lesson; (7) provide
feedback is the providing recommendations for
further development in the next study; (8) assess
performance is the organizing a test in a small
exam or make Q and-A questions to assess new
knowledge gained; and (9) Review and transfer is
the summarizing the entire content and applying
it for further benefits.

3. Key performance indicators and key
success factors for learning air traffic control

Key Performance Indicators-—-KPlIs are defined
as “quantifiable and strategic measurements
that reflect the critical success factors” (ISO/DIS
22400-2, 2014) in the (learning) process. KPIs are
very important for understanding, benchmarking
and improving the performance of a system from
both the process perspective and the corporate
perspective of achieving strategic goals (ISO/DIS
22400-2, 2014).

Key success factors (sometimes referred
to as critical success factors) are defined as “the
limit number of areas in which results, it they are
satisfactory, will ensure successful competitive
performance for the organization” (Rockart, 1979).

In this study, the KPIs and KSFs for learning
from many studies (e.g. Gardi, Sabatini, & Ramasamy,
2016; de Reuck, Donald, & Siemers, 2014; Updegrove
& Jafer, 2017; Kuany, 2012; Reeves, 2005, etc.)
have been reviewed and evaluated their suitability
by instructors from CATC. So, the list of KPIs and
KSFs has been identified in the context of CACT,
and KPIs and KSFs have then been prioritized by
AHP approach.

4. Analytic Hierarchy Process

Analytic Hierarchy Process was developed
by Thomas Saaty in 1971 (Saaty, 1980; Saaty &

Vargas, 1998). AHP is a multi-criteria decision-making
method allowing decision makers to model a
complex problem in a hierarchical structure which
usually consists of the goal, objectives (criteria),
sub-ojectives, and alternatives and to measure
the consistency and stability of their decisions
(Saaty, 1980; Shahin & Mahbod, 2007; Madu &
Georgantzas, 1991; Madu, Kuei, & Madu, 1991).
AHP uses pairwise comparison of the decision
elements (usually, alternatives and attributes) to
fine the comparative weights (scores) among the
elements with respect to higher level element,
or in other words, to prioritize the elements at
each level of hierarchy. AHP method requires

four major steps as follows;

1) Developing a hierarchy model: This
step involves the decomposition of a complex
problem into a multi-level hierarchical structure. AHP
arranges the elements of decision into a hierarchy
so that the relative role of each element can be
more clearly observed and evaluated (Winebrake
& Creswick, 2003). Developing a hierarchy model
starts with identifying the meaningful and relevant
elements of the problem, then grouping these
elements into homogeneous sets, and finally

arranging these sets in different levels of relevance.

2) Establish a pairwise comparison matrix:
After the problem is arranged in a hierarchical
structure, the next step is the measurement and
data collection, which involves forming a team
of evaluators and assigning parwise comparisons
to evaluate the degree of relative importance
amongst the elements (which may be called
that “eigenvectors” or “the relative weights”) in
different levels of the hierarchies with respect to
the higher level elements. Using the nine-point
scale suggested by Saaty (Saaty, 1994), experts

judge, using the pair-wise comparison approach,
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the relative importance of the elements at the
same level with respect to the element of their
preceding level (Lam & Chin, 2005). The scale
of importance is defined in Table 1 according to
Saaty’s nine-point scale for pairwise comparison.
The nine-point scale is a scale of importance
estimation ranging from equal to extreme
importance: equal, moderate, strong, very strong
and extreme importance. The numerical judgements
corresponding to these linguistic descriptions are
(1, 3, 5, 7, 9), with compromises (2, 4, 6, 8)
between these judgements (Saaty & Vargas, 1998;
Saaty, 1994) as shown in Table 1.

3) Checking the consistencies of the
judgements: Consistency Ratio--CR is calculated
to evaluate the consistencies of the judgements.
Saaty (1994) suggested that if the CR is less than

Table 1

AHP preference scale (Saaty, 1994)

0.1, then the judgement is acceptable. But if CR
is equal or greater than 0.1, the judgement will
need to be revised and re-evaluate until the

value is less than 0.1.

4) Calculating the relative weights of
the decision elements: This step innolves the
finding of global or overall priority weights. Local
weight, the priority of an element with respect to
its preceding element, is firstly calculated. The
overall weight of each element with respect to
the goal is then calculated by multiplying the
local weight of an element by the weight of its
preceding element. The judgements of each
decision maker (expert) are finally synthesized
using the geometric mean approach suggested
by Saaty (Saaty, 1990). The flow chart of AHP

methodology is shown in Fig. 1.

Importance Level Definition

1 Equal importance

3 Moderate importance

5 Strong importance

7 Very strong importance

9 Extreme importance

2,4,6,8 Intermediate values between the two adjacent judgements
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Define the problem

)

Develop a hierarchical framework

}

Construct a pair wise comparison matrix

}

Perform judgement of pair wise comparison

<

Synthesizing the pair wise comparison

)

Perform the consistency analysis

CR<10%

Develop overall priority ranking

)

Select the best decision

Fig. 1. Process flow chart of the AHP methodology

Note. From Models, methods, concepts and applications of the analytical hierarchy process (2nd ed.),
by L. T Saaty and L. G. Vargas, 2012, New York:Springer Publishers.

Research Methodology
The research methodology in this study

was divided into two phases as follows:

Phase 1: Determining the success factors in air
traffic control learning

1. Literature review on KPIs and KSFs

2. Develope an assessment form for
suitability of KPIs and KSFs in the context of
CATC-the assessment form with 5-point Likert
scale (1: least suitability, 5: most suitability) was
developed based on the literature review result,
after that the content validity of questionnaire
was examined using I0C (Index of Item-Objective

Congruence) by 3 experts.

3. Collect data (the suitability of KPIs or
KSFs)-Data on suitability of each KPI or KSF were
collected using an assessment form, in which the

respondents were 20 instructors from CATC.

4. Evaluate a suitability of each KPI and
KSF in the context of CATC using hypothesis testing:
one-sample t-test with a significance level set at
.05. The null hypothesis and alternative hypothesis

are as follows,

Hypu<4 (KPI or KSF is not suitable in the context
of CATC)

H: > 4 (KPI or KSF is suitable in the context
of CATC)
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Note that the population mean setting
of 4 (or test value=4) was consistent with many
studies such as Angelova and Zekiri (2011); Aydin
(2013); Bagwan and Bhola (2018); Khan, Zameer
and Burney (2018); Khan, Nabi, and Hafeez (2016);
Poku, Asare, and Ricky (2017); and Yadav (2018),

etc.

The t value is calculated as follows:
t=(X - w)/(S/Vn), where Xis a sample mean, u is
a population mean, Sis a sample standard deviation,

and 7 is a number of samples.

If tis greater than this critical value
(to n1=toos 20.=1.729), reject the null hypothesis.
So, it can be concluded that the KPI or the KSF is
suitable in the context of CATC at a significance
level of .05.

Phase 2: Prioritizing KSFs for learning air traffic

control using AHP

1. Establish a hierarchical structure for

prioritizing KSFs in air traffic control learning

2. Develop a pair-wise comparison

questionnaires based on AHP

3. Collect data (the suitability of KPIs or
KSFs)-the pairwise judgement comparison data
are collected through questionnaires. An expert
panel composed of 14 aviation traffic controllers
who had experience in fields at least eight years
was asked to assess the relative importance of the
KPIs and KSFs (to score (between 1-9; 1: lowest

significance, 9: highest significance)).

4. Establish a pairwise comparison matrix

extracted from questionnaires filled out by experts

5. Calculate the Consistency Ratio--CR of
the matrices—the consistency ratio is calculated

by CR=CI/RI, where Cl is a consistency index, and
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Rl'is a random index. The Cl is calculated by
Cl=( Apax -n) (n-1), where Apyqyis the largest
eigenvalue of the n-order matrix, and n is the
number of items being compared. If CR more than
0.1 or 10% the inconsistency of judgements within
that matrix has occurred and the evaluation process

will be reviewed, reconsidered and improved.

6. Combine the judgements from all experts

by using geometric mean

7. Calculate the local priority weights of

each element

8. Repeat the calculation of the local

priority weights for all levels in hierarchy

9. Calculate the global priority weights of

each element

10. Rank the priority of all elements based
on their global priority weights

Research Results

1. Results of assessing the suitability of
the KPIs and KSFs for learning air traffic control
in the context of CATC

The literature review results on KPIs and
KSFs for learning can be summarized in Tables 2
and 3, respectively (column 1). In this study, the
KPIs and KSFs for learning are considered as the
“preliminary performance indexs and preliminary
success factors for learning in the context of CATC”,
in which there are five preliminary performance
indexs and 23 preliminary success factors. Therefore,
it needs to statistically assess them, to make
sure that they are suitable to be KPIs and KSFs
for learning air traffic control in the context of
CATC, the case study, before prioritizing them by
AHP in the next step.




An assessment form for suitability of KPIs
and KSFs in the context of CATC, with 5-point
Likert scale (1: least suitability, 5: most suitability),
was developed-after that the content validity of
questionnaire was examined using I0C by 3 experts.
The result of overall IOC was at 0.8 which means
the assessment form could be used. Data on
suitability of each KPI or KSF were collected using
the assessment form, in which the respondents

were 20 instructors from CATC.

Table 2

A suitability of each preliminary performance
index and preliminary success factor was assessed
its suitability in the context of CATC using hypothesis
testing: one-sample t-test with a significance level
set at .05. Results of assessing the suitability of
the KPIs and KSFs for learning air traffic control in

the context of CATC are shown in Tables 2 and

Tables 3, respectively.

Results of assessing the suitability of the KPIs for learning air traffic control in the context of CATC

Preliminary KPIs Mean Standard t Hypothesis Interpret
Deviation value test results results
Aviation knowledge 4.60 0.50 5.339*% Rejected H, Suitable
Skills 4.55 0.51 4.819* Rejected H, Suitable
Attitude 4.65 0.49 5.940* Rejected H, Suitable
Behavior 4.05 0.39 0.567 Accepted H, Unsuitable
Performance 4.25 0.44 2.517* Rejected H, Suitable

Note: * at a statistical significance level of .05.

Table 3

Results of assessing the suitability of the KSFs for learning air traffic control in the context of CATC

Preliminary KPIs Mean Standard t Hypothesis Interpret
Deviation value  test results results
On-the-Job Training 4.85 0.37 10.376*  Rejected H, Suitable
Educational Experience 4.30 0.57 2.349% Rejected H, Suitable
Learning method /practice-based training  4.55 0.51 4.819* Rejected H, Suitable
Learner and Instructor Interaction 4.05 0.69 0.326 Accepted H,  Unsuitable
Accommodate Different Learning Styles  4.20 0.77 1.165 Accepted H, Unsuitable
Selection and use of appropriate and 4.05 0.60 0.370 Accepted H, Unsuitable

systematic teaching materials
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Table 2 (continue)

Preliminary KPIs Mean Standard t Hypothesis Interpret
Deviation value  test results results
Good Theorectical Knowledge of 4.40 0.50 3.559* Rejected H, Suitable
procedure and agreements
Problem Solving Capabilitiy 4.50 0.69 3.249* Rejected H, Suitable
Learning Capability 4.50 0.51 4.359* Rejected H, Suitable
The ability to use technology 3.80 0.77 -1.165 Accepted H, Unsuitable
Learner Motivation 4.50 0.69 3.249% Rejected H, Suitable
Learners' English language proficiency  4.20 0.62 1.453 Accepted H,  Unsuitable
Updated simulation systems 4.40 0.68 2.629* Rejected H, Suitable
Air Traffic Complexity 4.35 0.59 2.666% Rejected H, Suitable
Suitable teaching materials 4.10 0.72 0.623 Accepted H, Unsuitable
Adequate teaching materials 4.35 0.67 2.333* Rejected H, Suitable
Academic advising and monitoring 4.55 0.60 4.067* Rejected H, Suitable
learners' learning outcomes regularly.
Instructors Knowledgable 4.45 0.69 2.932*% Rejected H, Suitable
Planning for appropriate training 4.60 0.50 5.339*% Rejected H, Suitable
Up-to-date subject content 4.50 0.61 3.684* Rejected H, Suitable
Appropriate subject content 4.45 0.69 2.932*% Rejected H, Suitable
Up to date course information 4.55 0.60 4.067* Rejected H, Suitable
A commitment to support the learners  4.45 0.60 3.327* Rejected H, Suitable

from course directors

Note: * at a statistical significance level of .05.

According to the results from Table 2 and
Table 3, four null hypothesis (H : u <4) from Table
2 and seventeen null hypothesis (H : u < 4) from
Table 3 are rejected. Therefore, it can be concluded
that all four KPIs and seventeen KSFs which are
suitable in the context of CATC at a significance level
of .05. In this study, seventeen KSFs were classified
into five categories: teaching methods and activities,
learner, teaching equipments and technology,

instructor, curriculum and course administrators.
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2. Results of Prioritizing KSFs for learning

air traffic control using AHP

After identifying the four KPIs and seventeen
KSFs in the context of CATC, therefore, a hierarchical
structure for prioritizing KSFs in air traffic control
learning was established based on these KPIs and

KSFs. The hierarchical structure is shown in fig. 2.




Level 1:

Prioritize KSFs for learning air traffic control

Goal
Level 2:
KPls Aviation knowledge Skills Attitude Performance
Level 3: = =
) Teaching methods Teaching equipments Curriculum and course

Categories 4 it Learner 4 technol Instructor i
of KSFs and activities an te(]g /\ administrators
Level 4:
o M1 | |M2| | M3 S2 | |S3||S4||EL||E2||E3 | |T1||T2|| T3

s

Fig. 2 The hierarchical structure for prioritizing KSFs in air traffic control learning for CATC

Figure 2 depicts a 4-level AHP model of
prioritization of KSFs in air traffic control learning
for CATC. The first level expresses the overall
goal of this study, which is the prioritization of
KSFs in air traffic control learning for CATC. The
second level presents the four KPIs. The third
level presents the five of categories of KSFs. The
lowest level presents the 17 KSFs. These KSFs
were prioritized by AHP approach by 14 aviation
traffic controllers (or so called experts or decision
makers). All experts had experience in fields at
least eight years. The AHP results which are the
priority weights and rankings of KPIs, categories
of KSFs, and KSFs are shown in Table 4.

Table 4 shows the local and global weight

scores of the KSFs and their categories. It also

shows the results of prioritization of the KSFs in
which the priority ranking of all KSFs is based on
their global weights. From Table 6, in level 2,
the most important (highest-global weight) KPI is
“performance”, followed by “skills”, “attitude”
and “aviation knowledge” respectively. In level
3, the category of “learner” is the most importance,
followed by the categories of “instructor”,
“teaching methods and activities”, “curriculum
and course administrators”, and “teaching equipments

)

and technology” respectively, and in level 4,

the three most important KSFs are “on-the-Job

» o«

Training”, “planning for appropriate training”, and
“good theorectical knowledge of procedure and
agreements” respectively, while “educational

experience” is the least important KSF.
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Table 4

Local and global weight scores of the KSFs and their categories and their priority rankings

KSF Local weights of KPIs Global KSFs Local  Global Priority
categories Aviation Skills Attitude  Performance weights weights weights rankings
of KSF of of
knowledge
categories KSFs KSFs
(0.151) (0.284) (0.244) (0.320)
Teaching  0.193 0.212 0.186 0.219 0.205  On-theqjobtraining 0.614 0.126 1
methods (M1)
and Educational 0.146 0030 17
activities experience (M2)
learning method  0.239  0.049 10
/practice-based
training (M3)
Learner  0.238 0.227 0.305 0.235 0.250 Good theorectical  0.294  0.074 3
knowledge of
procedure and
agreements (S1)
Problem solving 0.243  0.061 I
capabilitiy (52)
Learning capability 0.283  0.071 5
(S3)
Learnermotivation  0.180  0.045 12
(S4)
Teaching 0.141 0.155 0.117 0.152 0.143  Updated 0.318 0.045 12
equipments simulation
and systems (E1)
technology Air traffic 0416 0059 8
complexity (E2)
Adequate 0.265 0.038 15
teaching materials
(E3)
Instructor ~ 0.228 0.215 0.240 0.222 0.226  Academicadvising  0.298  0.067 6
and monitoring
learners’ learning
outcomes regularly
(T1)
Instructors 0.326  0.073 4
knowledgable
(T2)
Planning for 0.376  0.085 2
appropriate
training (T3)
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Table 4 (continue)

KSF Local weights of KPIs Global KSFs Local Global Priority
categories Aviation Skills Attitude  Performance weights weights  weights rankings
of KSF of of
knowledge
categories KSFs KSFs
(0.151) (0.284) (0.244) (0.320)
Curriculum — 0.201 0.190 0.152 0.171 0.176  Up-to-datesubject 0.290 0.051 9
and content (C1)
course Appropriate 0.146  0.030 17
administrators subject content
(C2)
Up todate course  0.256  0.045 12
information (C3)
Acommitmentto 0.214  0.038 16

support the
learners from
course directors
(Ca)

Note: Parentheses () denote the local weight of each KPI.

Conclusions, reccomendations, and future

research direction
1. Conclusions

To prioritize KSFs for learning air traffic
control, using CATC as a case study, this study
was divided into two phases: (1) determining
the KPIs and KSFs in air traffic control learning in
the context of CATC, and (2) prioritizing KSFs for

learning air traffic control using AHP.

In determining the KPIs and KSFs, data
were collected by using an assessment form for
suitability of the KPIs and KSFs in the context of
CATC. By using one-sample t-test at a significance
level of .05, the four KPIs and the seventeen KSFs
from five categories: teaching methods and activities;
learner; teaching equipments and technology;
instructor; and curriculum and course administrators,
were then identified as the KPIs and KSFs in air

traffic control learning in the context of CATC.

In prioritizing KSFs: the 4-level AHP model
of prioritization of KSFs in air traffic control learning
for CATC was estabished. By using AHP approach,
the priorities of all KSFs were ranked based on
their global priority weights. The three most

important KSFs are “on-the-Job training”, “planning

for appropriate training”, and “cood theorectical
knowledge of procedure and agreements”
respectively, while “educational experience” is
the least important KSF. Besides, the three most

important KSF categories are “learner”, “instructor”,
and “teaching methods and activities” respectively.

2. Reccomendations

Recommendations for the CATC to be able
to apply the research results effectively. As the
results of the study showed “on-the-job training”
is the most important KSF in learning air traffic
control. Forexample, the course administrators should
design the course to give learners the opportunity

to improve themselves through effective learning
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through hands-on experience in the form of “on
the job training”. The job assignments relevant
to the contents of the course to be practical may
be considered. To provide learners with a wide
variety of knowledge and experiences, including
to apply the acquired knowledge and skills in
future operations, a learner development plan
may be developed throughout the course, which

is carried out through “on the job training” etc.

If “on the job training” is likely to improve
the learners’ achievement of air traffic control,
the course administrators may also take the
second most important KSF which is “planning
for appropriate training” in order to find effective

management solutions. And if the performance of

e

the KSF is likely to result in a better way, other
factors that are of secondary importance may be

further considered.
3. Future research direction

1. Sensitivity analysis by exchanging the
weights of KPIs (or criteria) should be further
studied to account for the uncertainty of the

outcomes.

2. To apply KSFs effectively, the best
practice for each KSF, particularly, the KSFs that
are of high importance should be further studied,
such as best practice for on the job training, best

practice on planning for appropriate training, etc.

>

e
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Abstract

The purpose of this Quasi-Experimental Research aimed to study the effectiveness of community
participation program about the dengue fever prevention in Banna Sub-district, Wachirabarami District,
Phichit Province. The sample were 60 people 2 village in Banna Sub-district Wachirabarami District,
Phichit Province who were selected by multi-stage random sampling into experimental group and
control group each 30 people. The research instruments used were the prevention dengue fever with
community participation program, questionnaire regarding knowledge and dengue fever prevention
behavior, and mosquitoes survey form. The content validity and the reliability were 0.67-1 and 0.87,
respectively and the difficulty of knowledge test were 0.33-0.60. The data was analyzed by descriptive
statistic were frequency percentage mean and standard deviation and inferential statistic, were Paired
Sample t-test and Independent Sample t-test. The research results revealed that: prevention and

control dengue fever behavior in the experimental group after the experiment was higher than before

the experiment and higher than the control group were statistically significant at .05

Keywords : Program, Community participation, Dengue Fever
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UNANED

As3seimeassiiunisine 2 nau nnouNanaularNaINAaas (quasi-experimental research) i
Jnquszasd Lilofnwinavean1slilusunsunisUsuUasunginssuauainsengAnssuguainyessgeeny
nqusedndudgeergsiiuaseues sunewies Jwdaiivelan duiu 60 AU ymIduLUUaIEunDY
wisnguiegradunguvaasiias nguauay nduay 30 au ta3esdeldliun TsunsuusuiUdsunginssy
AUAI UATLUTABUDIAMGANTINGYN M NSATIIdUAMNMYBdASedle (1) Anunsslidduiiauaenndes
(100) Wity 0.66-1 waz (2) ArAudasiu (reliability) Imaiﬁffqmié’mﬂizﬁw‘éuaawqmmmaumﬂ (Cronbach’s
alpha coefficient) fidsiniu 0.932 Finsevideyadie adfdamssan (descriptive statistics) loun A
Yowar Aady LardDeLUINRTEIL WaralAg1ads (inferential statistics) léuA Paired sample t-test
way Independent sample t-test HANITIFYNUIT AIURAINIINAADY ﬂfjuw@aaqﬁﬂzLLuuLaﬁawqaﬂiim
HUNINEINIINBUNITNAGDY LAzganIINaUAIUAN (X=249.20, SD=16.545, X=199.76, SD= 21.157, X=204.6,
SD=18.707 mudiu) agadfed Ayvnsaddiisesiu (p <.05)

ArdAey: Usednsua 1UsunsuuSuluaeung@inssuguan weAnssuguan geadeny

o oL . NsATIvINMIvendedaiisuede
UM 15 atuf 1 Yssdniow UnAL-mwigu 2564 atudneenanduasmalulad



Abstract

This study was a quasi-experimental research of 2 study groups, using pre-test post-test control group
design. The purpose was to examine the effectiveness of health behaviors modification program
on health behaviors among the elderly. The sample groups of 60 older adults selected through by
multi-stage sampling method was divided into experimental group and control group, 30 persons
each. Health behaviors modification program and health behaviors questionnaire were applied as a
research tool, test for (1) content validity were 0.66-1 and (2) reliability with cronbach’s alpha coefficient
was 0.932. Data collected was then analysed by descriptive statistics including frequency, percentage,
mean and standard deviation and also by inferential statistics including Paired sample t-test and
Independent sample t-test. The results showed that after the research, the experimental group had
a health behaviors average score significantly higher than before and those of the control
group (X=249.20, SD=16.545, X=199.76, SD= 21.157, X=204.6, SD=18.707) at .05 significance level.

Keywords: effectiveness, health behaviors modification program, health behaviors, elder
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Abstract

This research was an experimental study. The purpose was to enhance the efficiency of pictorial
help labels with infographic symbols and to assess the understanding of side effects and medication
methods for patients at the Chawai Subdistrict Health Promoting Hospital The data was collected in a
sample group of 250 people, 250 people in July and 250 people in September. Using pre-test post-test
design study the use of the pictorial help labels the developed image. The study method had 2 steps
as follows 1. Design pictorial help labels for all 13 drug lists. 2. Providing pictorial help labels when
dispensing the medication to the patient and collecting the information on patient understanding in
side effects and drug by the interview method. The results showed that the mean scores of knowledge
of side effects and medication methods before and after the pictorial help labels developed were
6.08+1.83, 7.66+2.18, respectively, with statistically significant differences (p<.001). The pictorial help

labels can significantly increase knowledge, in terms of some pictorial labels of diclofenac, amoxicillin,

ferrous fumarate, amlodipine, hydrochlorothiazide, slipizide, dicloxacillin, and atenolol.

Keywords: pictorial help labels, infographic symbols, side effects, medication methods
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SUNAULIWING

° = Chi-square test * p-value < .05
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*Wicoxan rank-sum (Mann-Whitney) test Lﬁaw’mﬁﬁjaga non-normal distribution
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Abstract

The objectives of this research are to increase the efficiency of food preservation from solar energy.
The solar dryer for food has limited in the production process from heat radiation some seasons
product drying is not possible, such as the rainy season or when the sky is covered with clouds, causing
the sunlight to not reach. This paper concern with the study of thermal efficiency of the bananas
dryer by the solar drying cabinet size 45 cm x 108 cm x 38.5 cm. and 45° of the mirror angle installation
thermometer and humidity meter inside and outside of solar dryer cabinet. Fermented 144 pieces
of bananas were a product for drying. It was found from the experiment that, in the duration of
9.00 a.m.=5.00 p.m. on a clear sky day, and all-day average temperature inside the chamber was
46.93°C. The experiment was started from a sample product with an average of 46.93 g, an average
final weight of 23.41 ¢ and initial moisture content of bananas were dried a final moisture content
equaled 29.6% wet basis. For these data to design the hybrid solar dryer cabinet by using solar energy
and hot air from a fin heater electric power 1800 watts with PID controller system. On a rainy and
cloudy day the experiment was started from sample product an average of 49.64 g, an average final
weight of 22.89 ¢, and the initial moisture content of bananas was dried a final moisture content
equaled 28.0 %wet basis all — day the average temperature inside the chamber was 51.86°C. When
comparing the color and final weight of the product are similar, and in the test the product has no
loss during production. The size of the hybrid solar dryer cabinet is suitable for use in household
agricultural products processing or community product processing. The products obtained by drying

with this integrated solar dryer are of high quality and hygienic hygiene.

Keyword: hybrid dryer cabinet, relative humidity, wet basis

4 &>
" g ;%; g

UNUI JUNIUINULUES IR ER SN ladaun AT waz

NMsaUMTIEIEn Ukt iesidunisly Serisanssuzaattunsmnuicladnalg uenan
Usglevdnnndanuiaseingluguanuiousuuuy ildaiidugrelunisssndndmiunisouudieiild
wilsftannsnthanlivsslondldesnsiiussavsamly  ndsonliih shifuvsewfiasssumald snnsnunau
doaldareaudomaddluszninanisldaulafl  399UNTIUNUIT Kurmharn and Saen Rang (2014)
HANSENURDEWINADY widasynsanuianiely  MYIINITORNUUULAZESIY LATBIDUWIAINAITULES

Fuitnazdvantaumnisiuidauainduazesd nns  @1nduuugluaday Lieldaunianin 1ASe0UWIAS

, , NFEFIVINTUM IS BaLiisuede
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad




i Usznevdiuunedussdmeeniinduazaiuouud
HARSUI VUM 1.8 M x 2.4 m x 1 m @mSUTTUU
srUBeINIARElENnaNTEUIEDINIATUIA 38 W 1 i
Wielifinisenemniseneluedeseu vlvinan s
I§Sumnufounianddeiindfinnnsznulngnsuas
MnurduieaiinailinanSaeiutudatuainnis
VnADUANTIOUETBLAT oI UL SN S1uau 30 ke a1
NANNSNARBINUT LASBI0ULTIRINGTIANINTaa UL
WINTIALT 72.95%,, LLazmm%uqmﬁwﬁ 8.4%,,
ey 43 $las vidoUszana 3 Yuels Tnsgaumniinngly
A3 IDULITIUUTANSEWINT 29.50-72.09 °C Fai§an1
ASANUARMILGTINTNR Uazn3nTiledl A B
NMIAINLILAEDIAENA SN LA IR BI04
iweraznutediialuniswdniedsggniaiianudy
YOEID19RT LAy TrazalUNITAINLTSToY 19y
garunazganuy vielugiwiesifiaunagy A
fognuidelag Yotwinyuwong (2017) 1avinas
ganuUUKArad1uAd UL INdsuLasefing
wuuidnFusdifioyury AuandAinianieninves
\A30saULTINAsuLasaAinganunsatestuua
waghluazendld annsandoudeldazainidesan
figouazlunsditunnanansadestudidiledioutu
MsANNa1euds NMsUsEANEA e UASBIB UL
WFURAIRIRg wud gaumginigluriesaunis
geaniadn 61.5°C luvazfigumniivindougeaniade
71 45.5°C wazuansanIngumgiinneueneg il
0 guvnligeaniaioagii 61.5°C il Aaufou
winuuaseindlutisfunaiiutoyatidnwasll
asiaue 6?0LLm'L’%'mﬁusﬁaagammm%uﬁaﬂ 9 qaﬁ'ﬁu
Bow q ndmniutesihiluauaznuenidm und

o

YMAAINEIUNlasUanat Usenaueinied ad Usn

UUUAULI

ANSHAUINTTUITAITAINUAIA IYNTIY
waee1ingdainnate3snis 1wy Borirak (2018)
lavinn1seenuuudsniseuwidlasligeuniisnd oy
AIULEIRNIRE A8 IALNISUAILSBUAINTD
\ndeufindosnunisendindsenalnnisvsudaings
nulussazudduindeunnuawesiuiinszua

A5 N19LAADUTITEIMNSSUNS M ULaseTingazUSy
T¥adoonunlsefing adeay 7.5° dedalus 970
N15NARBIE UL UUAR DR ULase Ingld1ia
570 20.5 FlusminBuduainudnsaeiiiedng
wded 43.15 ¢ 5’11/1%@@1?1"18@58 21.2 g AU
wnsprulenlunindusianasviio 24.8% aungil
Laéamaluﬁﬁmwhﬁu 52°C @nun505UusEUTaIbUY
nseundretnild 3.5 dalus deniseunis 1 ads
WANISHAILILAS DI AL IR Ina U Liloveding
meﬂﬂﬂqmw%aiui’uﬁwumﬂm'%'aqmml,ﬁﬂaia']msa

afreaumgiineludliniudasnis

AIANLASIINAWULEIDRITN1THRILN
Tneldndsussufundsudy 9 wu Yaibok,
Phethuayluk, WeawSak, Mani and Buaphet (2010)
AN EINTOULTHIUa LS B UL TN MU LAN
anfing Ll iedesnsiaiunszuIunSHARUATURS
sunlsneldaningliennianianieldvesdssmelng
TngoanuuUAIaUW Tlindsnuuaiofindndany
nanuwagnasulnddundsswasy Usenaunae
geurialusaias unasusideniinddvuin 4.08 m*
vaaalnindmsuvinauseusuin 800 W §1u2u 2
yn finuquesandildou 1¢ 50 kg :mnmsnnastey
wisUan 2 viln s UadeunazUangnlaglvigamaiily
WOIDUWIT 40°C, 50°C Lay 60 °C WU NITOUWNAS
Uateunuulindsusmuasoriind-lnlfivigaumnd
60 °C fimnuaudomdsnusumnylumseuntisios
Ay 42.57 MU/kgH, O, baviiuszaninnlunis
AU 5.54% ld5zeziiarlu n15euwsis 6 93l dau
NFBULUAIANMENGINUANLTDUTIULEIBTInE-
ulfihiigamgd 50 °C finns AuwdBomdanudninie
IumiaULLﬁqﬁaaﬁqﬂﬁaLmﬁ’u 80.02 MJ/kgH, O
wardlussansninlunisouliie 2.98% uagldsvey
VANITOURK 8 Falu

Chuewungkham and Phothikanit (2016)
laasedounianieauiousiiase1induazuia
1019 1Y UL NG 1 UL IR W UUEaUNTEAN
AUUUIA 12 m’ TY0aNToUIINNAIULAFTINN
wWrddauuis lagniauseumeinauszugeInie

EAU HERITAGE JOURNAL

Vol. 15 No. 1 January-April 2021

Science and Technology



nNEuanse kavdndiufevesniinuiadinmainyadnd
AURUIENI 8 M’ Feldundsunaunulunis
suasialemdanaunasoniing Tnseenuuuly
annsnaundasirianidadiay 12 kg Wianudu
UENINNIBLYINAY 25%,,, HANITITY WUIN BUNAIY
ﬁwi’wqﬂﬁfmﬁﬂ 12.12 kg AP 62.5%. Megou
widld Anudeunnuatfingdausiaan 08:00 u.
89 16:00 u. luthe¥uilanmennieaoalusasatu
ansarivgavnfinielule 25-35 °C Taoilgaumgdl
geanuiniy 64 °C uarlfauounnuiadinndaus
Va1 16:01 U, 89 20:00 . FelFUSIaLAaTIn
wde 1,085 kg 1uan 3 Yu ndrefinauniseuniiad
dhuihaundewaswniu 4.79 ke Simautiuedowni
24.72%.,, §95INSTEMEVRILRABTAWINL 0.203
kg/m’/day HANITIATIEN LBUATHIANANTVRIGOY
WAIAEAMNSDUSILLEIIngLazuiaTIn I Tay
Wisuiieuans1e19aeUiunmaen1sudn 4.79 ke
fonss awnsonanld 80 afuad s1ANAIBOULTS
fiunenuviosman 100 vndedlansy sveznaily
NSAUNUYDIGBULMEATNTOUTINLAT I TINd LAz
wAgTIAINYINAY 2.52 U

uanINdin1sAnwauTIOULIAT DO UL
HARSugINIINIsnenstaglindanulas 9finesiu
fudewdsdama Tae Narat Jansri (2017) fdau
Usenauliun gouwie wiesused anendinduasyn
wanidsumnudouninimdmaaluszduaiiiou
ansasnuwgavniivesandeuiindnlsannunsiused
aneiingdidsiianuiaay 7.63 m/s annsaviali
pamnivesdounsisganit 50°C melu 2 Haluadle
T¥amdeunldyauanidsuanudeuanandiana
Tuszduasafou Wevaaeuaundndiuiu 2 ke 1u
nan 15 2l wuh WENTunseULR MeiTetey
whaflauduininnesguninuisUszanaiesas
57.90

Klabprasitti,Supawantanakul,Sittisaung
and Sangsirimongkolying (2020) %1n1598NWUY
WATNAFDUA DURAINA I UKATnglun153AN3
wialulagnisndavaivaunanifeaidndnn1svingu

| U 15 atUf 1 Uszdufion unsiAu-luweu 2564

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

Tngldornmannieuenlvakiuvisgueiniaiiowia
gauuiinousudnlunmeluiesazauanuiou uaz
gNARAKIUBBNIINIYIDRINATuLay Ak 1ulUE
Voo uwiINansne n1agesTngeinia lneliyadedu
pmedouilendoussauaninasmaudoulugstu
adnfnlaglindenulnihlngnsaninuaagadues
o1findiflemuausnnsivaveseiniaieu nelu
Fousnamsmyuvasinaulnirduiuanuduied
ofindviliigamaiinannznseuwiswuuseiiiesiu
Ao gaungingluvieseuuisazgenitgamgianguan
\auefiansiin uasenfindazgnuatis Geanansasieau
Jougvietauuisuartauanluylsgungil 40-55 °C
vhlaveundsniseuniaunan 4 alus Tusunw
Arwiuanasadsienas 27 (wb)

YONAINUNITHANDINTANNWIAITITNITHEAR
v aa ;282 v I~4 v v
menssisnsiddeuuratugunsallunisiinnuiou
dNA8MI98 19U Tasara, Tirawanichakul and
Tirawanichakul (2014) la@nw1kuIni9n1sau
wireUatmarsunun1snans et uLiveld L du
2 M15gunInlag lddouuriswuuninildausau
warsaddurstsadunra g nuausou way
AS1UVTIADINANAFAIARS LUULBUNAS AR 111U
AUNAFANAASNITOULAIUAIUIIAT ATUIINIAN
o a £ ' ¥ a a )
AUUTLANTNITUNT ANUTUUTLANDHE LazWaI9U
nszauluniseuwiia Tunisveaesdl uwaglavinnisdinw
Jadyvesgaumilouwiasening 50-70°C wagA
989598 UNTIAT 500-1,000 W AADNSAAAINNTY

o < Y a oA a1
9939Ua1917815 IegAuSIvesanseudanlyiian

a Y & %

Wwhe 1.0£0.2 m/s ANNTUSUAULALANUTUAAYINY
vaaUat e suiseglutieesay 150-155 11msgiu
Wi hagdeag 15.0+2.0 WINTFIULAL AIUANU KA
N15NAGBINUI SNIINTOULTIIELUSHUAUMNYT
DULIILAYA1AIUDISIFDUNT TR

Na Pathanibul and Arpornwichanop (2014)
I&vinnsfnwiniseunisainiandigiedeso Ul
wialwiin tileFeanisinszuIunHan Yainian
wiseunsle nMseenuuuIAdBseULIUsENB UMDY
yiafiu Mvasndunsisadmsulvianuiouruin




500 W 117U 4 viaen Yin1snaasio uwislaeniun
oaumgiuuudiled Tugeudl 50 °C, 60 °C wag 70 °C
WU msauu,ﬁ’wmqLmLLuumuquqquﬁﬁ 70 °C
fanuAuFemdsnud mglumssutiosfigauiitu
300 MJ/kgH, O.yap Imaﬁé’wmlé{@hmm%ummgm
Wi luuszana 20-30%,, wazdiuszansanlunis
auwie 1.2% neldszazinan Tuniseuusis 4 H2lus

[V
@ (%

nilfsndlanaunmuainaneuuisiiileuasdvasan

o A

TnAAganUNTINII I MUIERINTDINAA

g lun1sauenoImsnienIsuIsNIs
AINLAIA8NIT N IULEID1IAT AIUTTTUTIR
Kurmharn and Saen Rang (2014); Yotwinyuwong
(2017); Borirak (2018) LAz a1NNAYDINITANYINITOU
wismenslindanulniiraindawmesinenisaiun
Qm‘mqﬁ Tasara, Tirawanichakul and Tirawanichakul
(2014); Na Pibul (2015) Fafluwadslunisfiagiann
gauuimgndnulaseinduuunaunay ngly
FURHITUAINS DUTD AT OB ULTINE 1T UNAD iR
Snsihandeunniesaseeaumgiiiduiraaniny
Souadalunsdlindanuuasorfindairsgamaiiniely
Aauundlalimieaneyilildgamalinneludauuied
auasiiave MuhiAncRaLszUee N Alagy
Weilidounndrdludmesnsldinaussurgernie
vhawsioiiles waglimsmunugamgiinielugmnuis
dietelan1nglunseuwiadululéd Klabprasitti,
Supawantanakul, Sittisaung and Sangsirimong
kolying (2020) @sazanansaufladgminismnusis
Ao fuailunsdfivosiidmauats wienisudely
P2anaduaniyinisgyidounsnanfaeidauiu
Lilsumsgruladueded

MALUTAENITBURAINAI9TULEIDINE

A5NNTOUIUDIMNTBULIA NS FIWHI9U

[
v

wavofingludagiuanunsoudsls dadl
1. mamnuialagnsalaglduasonfing

nsnuislaunsalaeglindaanunatafing
JwiSnsausnemisuuuiugiuidinslduui ae

msﬁwmmimﬁflmsmﬂLLﬁ’ﬂmmﬁqa’?msquﬁa
HANAAAANITTUNIUINERTUaTILLAY 19U WY UN
wiae iy uagauvsg uenanitadean sTsumien
ilvinandnlilanunin wu weduvionuen vilv
Ay niseuuisieisnsifinsuudeudae
dsuvanyaou 1wu HUfze09 Asanusn uaas wagdsd
FAnvmdnaindadodsnandrsdudusulsiviilg
wandusiflaliifulunamnsgiununmanna

A 1 Msannkrslaensalaglduaianing

Note. From “Drying Technology”, by A. Pathanibul
and A. Arpornwichanop, 2014, Technology Promotion,
41(234), p. 65. Copyright 2002 by Technology

Promotion Association (Thailand-Japan)

2. ANSOULTILAE T LATDIDULAINA I ULES
219NGLUUSUSIFTInd lnansiwarlned oy

@

MU AIAURINTITATIUATOID UMY

& A

Laserfing flelfinaudounazinvinan N
nansasiouwisliutaddulazazenavasnfoan
WY UN LaYLUAITY drulsenaundndiddnd 2 du
louA fgou wadsusadeniing LS DI UNHINE 91U
uaseinduiadu 2 ¥landn loun wuususedeniing
1PURS9 LaruuusUSdlns ol

2.1 WUUSUSIELAEAT ANann1S1NeIU Ao
SederindazdainuTanlusawasdaimndesiunis
anbdsAIusau 913ankuulaglduannIsNIAINY

TR

g

a

SoumMUSSSUTIRUseRanwuUlagldnNITIAILSBU
wuudeRuadldnsinnsinauliteyegaeIniAsau
Tlnarundn Sl Aias17u

EAU HERITAGE JOURNAL

Vol. 15 No. 1 January-April 2021

Science and Technology



v a

AN 2 LATDIDULMINAIINULFID NG LUUSUTIE
PRUGEIGREER

2.2 \SenuniuusuSdenfindlngdou
senuuulvidyaunssuiidoriindiileifinnutussd
17ng V‘iﬂﬁmmﬂ‘f/“ia&szdnwémﬁm%uasﬁﬁ'ﬁﬁ
YouTuIsaunsaanaNTuRon Ty NAn AT
Lignuaseniindlagnss e19sanuuulagldnannismn
ANNSPUANSTINRNTRRanLUUlaglTraNA1TIN
ﬂaﬂu%fauLLUUﬁ’Qﬁ'UeTiaamf?%ﬁ@auLﬁmh&l@mmmﬂ%fau

Tlvanunds Suatineliuriasivu

=

AN 3 1AT0I0ULTINEIULATTIng wuUSUTeE
91¥ingdou

Note. From “Natural Convection and Forced
Convection Solar Dryers,” by A. Taikhao and S.
Teekasap, 2013, EAU Heritage Journal Science
and Technology, 7(1), p.27. Copyright 2013 by

Eastern Asia University

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

3. nannsInANuTulunan S

nsinmnudulundndasivandaidu 2 5u
Wuu fie

3.1 anuTunInsgIulen (wet basis) Aa
gnIEINMUNURIUN L UNER SN AU NNARNN U9
¥u lnedaunis fail

w-d
M = [ _— ] x100 (1)

" w

3.2 ANUTUNINTFIULAS (dry basis) B
gnsEmINMUNURIN L UNAR SN AU NNARNN U9
wAalaedaunig el

M, = [WT'd] %100 )

e M, As Anutunnsg1ulen (%,,)
M, Ao ANUTULATFIUUAT (%,,)
A9 UIINSUAUYDINANS 9 (kg)

v
%

9 UNNUNHES

[ ¢ v

UNwAg (ke)

o))}

w
d

Tnevhlumseuuisanansautsesnii 2 92
AB YNTINTOULIN s?iw'%mmmm%umaiuiaa
fAgentmsduingeiiiavestanitieguaunn
idlomnufeunnomademlussiannisanemaniy
%fauuasma%LﬁmﬁuLaWWzﬁﬁamaafaﬂ ’meﬁqmwgﬁ
AvesTanouuisuaysnsnIseunisazdaasi uay
PrdarmIsuuienasdainunutumelutag
fasnienatingaidenuseuaneniaiem

Ludadan Wasiadounanagluiliedanuiiiiives

v
o a

Tanludnwarvesnamseletuasiiniivesanlu

AnwrvaLvaInse ot wariiii ey sewmeluny
Rkl

Faudansiiuyszansamluniseuurads
Foufiugisszeznallunsaiemanudeuainenie
U unavestandegyinliansafnniseeiioon
uanRan A launTu




4. ANAIINTeudNIY (specific heat
capacity)

Ao USunuanuseunyvinliasuia 1 viiae

X

Tgaunilgadu 10C

C =L (3)
mAt
O = mcAt )

4‘ = a o, ) =
We  m A WIaTedsuuuledy NSy (g) wIB
Alansu (kg)

0 #o Usuaanudeuiiaanslasunsens
sonly fmheiluuaass (cal) w3ega ()

At fo gamgll Svhedussmwalea ()
%30 1Aadu (K)

5. AuSauLad (latent heat)

Ao ANUSaUNLAs UM aA18DDn TunsiUdgy

A0
L -—2 (5)
m
QO = mL (6)

We  m Ae wavesasidndiedy nsu (g) wise
Alansu (kg)

0 fs Usuamuseudiaansiasunionis
sonly fmheiluuaass (cal) w3ega ()

L @9 anudeuniaannng dudiedu waass
sandul (cal/g) visegaranlaniu (J/kg)

aunsaluazisn1maaes
aunsalnldlun1smaaas

1. OUWINANIULA NS WUUNANNEATY

NN 4 BANNITHIIUVDIATDIB UL
nULaeind LuuNaunauglugauwis (1)

@

Annsiaingaumgilliyaniuaugamgiianglugeuuns

Imamsﬂ%’ué’?@qmwgﬁmﬂﬁqmmmuqmmﬁuuu PID
(2) sazddligndanesluriesairsanion (3) A
qmmﬂﬁﬁmuqumﬂqmmﬁiuﬁauLLﬁaquiwﬁU%’u
Fasyuvasdanmsvineu Tnsaudeunieluiesadng
aufeuazadouilaeinauiaudeou (@) Wedreau
Soulumuviedsay (5) iledsaufoudnlulugouusis
warnelugounissiinishadainaussuseinie (6)
\ieRsuTusonanransaisely

AN 4 LAAIVANNITVINIUYDIFN DULTINRIIIULAS
91N UUNANNATY

AOULMINTIULAIR NG L UUHANNAIY
anergiillnuaznszanla Jvuim nde 45 cm
ATIHETY 108 cm WAz A1NET 38.5cm wagdngan
Tasuuasonfing ¥un 4 mm. Beviyy 45 90N 5
wanddIUUTENB VYR o UM AT UL IR Uy
naunauiduUsyneuneueniidday Taun

s

DULINANULEIDTINY

e

1
2
3

e e

%

PANTTUIYANUSTOUAIN 1

=

InaUITUI8ANTOURIN 2

4) AZULATINNLAY

6) MBIAS19AINUT U

7) iodsausou

)
)
)
)
5) WoauUausou
)
)
8)

P1UAUT DY

S e Vol. 15 No. 1 January-April 2021

Science and Technology



AN 5 dUUTENBUDIBUWINEIUKAIRTIRE
WUURANKAY

gauwindnuiaseinduuunaunauly
WHNUAMUTOUIT I TENT NI ULAIDTNEN
gnsanlaludiumnuissnuuunasndsnuainieses
Tanufoudslunuitedldgamesuuunivsum 3
yn vunidslifiis 1800 W Andsluviosadiaay
Sournanauauaavila 304 yswauulnuvu 1
ih Fuwansguuuunsiadsdanuisihannselad
A0 5 waznsaseviesassanseulunin 6

2N 6 d@uUsenauneluvedvinidsisausau

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

PN 6 wansdguUsEnaungluveies

1%
v

A5199U50Us1waLdunvRIdAINUSE UL Mal

AN 7 WARIYATEUUAIUANYDIA B UL AN TUUEN
DN LUUNANNETY

INAMN 7 UAAIYATEUUATUANVBIRB UL
waAuLatenguUUNALNATUTIUan U 2 spuu
lAunNyAMIUANYMANLATYAAIUANTEUUTRANEIY

UsznoundiAgyll fadl

1) Yeuanigaungilug

a L4

)
2) YAEINTAIUALIAAL
3)

)

)

o—=

WLLﬁﬂﬂﬂ’]iﬁ’Nﬂu%a\‘]ﬁ:

o—=

4) Iwanan15y9uYIFnLmes

5

[
v @

ATETZNRRIVRE

-2




6) aINTYAAIUANENLNDT

7) @indarunugaluny

2. yawasesdioaililunsifiunanisnaaey
Tunisiiutufinuanisnegeuldnsasiiatnadinys
Ae 9 FeiseaziBeaninalull

2.1. MYIRINRaEVE Zepper U EPS-302
AANazden 0.01 ¢ dusuifiunaaivtnvesnaiy

Y1INNDULAENAIDINANTAINLIAS AINTN 8

AN 10 LASBITANAIULAIDTIAE Lutron SPM1116

SD solar power meter

= o I v o
2.4 Lﬂiaﬁ'ﬁ@ﬂﬁ'ﬁlLi'JﬁﬁJLL‘U‘UELSUa'JQU']ﬂ'J"IﬂJ
$au Digicon DA 47 g1un1sinanusiay 0.2-20.0

@ a

m/s wagIngaungil 0.0-50 °C Aenn 11

AW 8 mdaAIneadvie Zepper fu EPS-302

2.2 myingaumginnglugeauurisnaosniu
wateiindlyd ATneadaniines Fluke 325 ¥39n150
-10.0 °C to 400.0 °C anuaziden 0.1 °C A1AINER

Nam 1 %=+8 digits HININ 9

AN 11 w3aataenuslaukuuldalrntininusou
Digicon DA 47

AN 9 AIneaNaRImes fluke 325

2.3 ATDITANAIIULAIDINRE Lutron
SPM1116 SD solar power meter IaAM&LLET A 12 9aRasuaIesdiedaviinisiiunanisnageu
21998939n157m 0.0 B9 2000.0 W/m2 @90 10 AOULINE N ULAD NS LUUHALNE Y

EAU HERITAGE JOURNAL

Vol. 15 No. 1 January-April 2021

Science and Technology



(%

NN 12 IaRvinsAnaaaIeilednsiail

1) suuengeuusinauaIedloinA1AI
Wundanuuateing

a

2) nmglugeuunisinsaniasilongungil

j
wazANTUELTNS

3) frrunugangiifnduniosiotadmis
R

4) Frunthviesadrsandeuinduniadledn
ANUEIANLAZRUNYT

5) NBUNNNITOULAILAENAIVINIAITOULIAS
wdpailetaAntiuinnan et

3. faudsiivnisfnwuaziiunanisvaaey

Toun

AUy lawn gaumgiuasAududuing
AMeuang A1ANUTUNAULaseinglunsas Ty
A minuazAuTulukanSuTinous UL

AUy lawn aaumgiuasanuguduing

elug A minuazanudulundndugvasouws

Awdsauay laun dunuenisneg way
mmﬁaamzmamm%’auaaﬂﬁuam:’auuﬁﬂ

4. 35n159NSNAAD9

lunsiinmsnaasulavinnisneaeulagly
ndrethindundnsusimaaeunazyiinismagoulu
3 nsal oA n1smnaansineiludouwiandanuwas
mﬁméuuuaﬂ&gmgﬁuﬁ N13ANKENTDIN UG DUWIAS
wasnaseiinduvunaunanuluiuiviosiudala
waENIIANHANS U lud aURA NG LA TINE
wuukaunauluuifilusnuagiiusnegu Inodis

A1SYIINISNAABY A9

1. dnalgfwIsuuiveniuiden uazdu
Faumilin 10 gn newgauuis FeagladminEy

@ I3

AUVDINAN N UN

2. dhndeiseslddounna lngvinisussy

NanuA WL 144 gneonds

o
g

3. Tagaumgiuaranuguduningniniely

, , NFEFIVINTUM IS BaLiisuede
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 v A < B
i g atuinermansuazinalulad

wazaeuenglutaanasng q naontiety dousiaa
9.00-17.00 . ﬂ’uﬁﬂmQmmgﬁuazmm%ué’mﬁmé
NN 30 W9

4. vhniswanndundaesiuam 2 adwety
wazdaiminudainsanluudasfu

5. mMsmAmiTnadn s aield
TunsiummaSaauduiasgudeonly
wanfusiazldimeuanieu (hot air oven) flanansa
Usunarmuaugunilviasild lun1smnaeuiiien
oaumgiivosmouandeulifl 65+5 °C innseuuie
unan 72 $alus antuaglden dininudndasiuis

6. ﬂ%’u&qmwgﬁmammmuamqm‘mqﬁﬂuaa
gouurkalinl 50 °C lnglidanasdnnsyiauitonmad
melugiiu 55 °C wazsemsvhaudiosnmgiinngly
gAnndn 48 °C dmsunsmadeunsnnaanfusilug
pULImdanuLaseinguuunaunauluuiiviosi
widla uagn1sanudnduelugoulrandanuuas
orinduuunannaluTuATdunnuazlinaUnagy

7. ¥nsiUayaiinatsysugenALazYn
WaauddmiunismaaeunInInuan daeilugeu
Wi andsunasefing wuumaunauluuiveadi
widla uagn1sanudndueilugoulrandanuuas
orinduuunaNraluTuATdunnuaslinaUnagy

8. yhnstuiinandvinniendaninnis
auwisluusayiu

AN 13 wauausau (hot air oven)




grafeuiililunisfiunanisnagourdus
oU U8 U-UIAL sﬁqLﬂuﬁaaﬂawquNuﬁquun
S88E1IA1V0LAILAANINEI TR 19an T
waskantaeninggieu wazluudaziunismegeuay
Tnan1snedeusesaufidvisseznatiivieaiiudula
YunFeuiieuiudmiunsdnsvageuiilSouiiio
fuszninensanadnfusilugeunsiauuegfuiii
N139NEERTUY lug o uuiandeunateinguuy
HAUNETY FmTuNIsnaaaun1IINKEniueilugeu
W andseunaseing uuunaunaulusufiddunn
wardwaunaguaziin snaaeuluyaszezanin
WA ULREIY

NALAZAATIZRNANITNAADY

1. NMIANKEAA NI UG UL INTIUULES
mﬁmsj‘uwaméfﬂagjﬁuﬁ NANISNAADY ATl

A 10 e e w oasbond s

SEEEEEE

solur radution (W/mw')

'
3

AN 14 AU UNEIULEIDANENYIIN1TATIT

[ '
£ U Ty A

TadwiunisvageugeuLiaLUURARRgRUN

PINAMWN 14 WEASAIAIULTUNWS I ULEAS

a

91ndMinn1snTIindmIun1aaeUg o ULkUY

Qe

a '

ARRIRYNUN N1SNAdaU 8 TAlUIsaTL Y9380

Y

9.00-17.00 U. ANAINUKUYDINAIINULAIDIARE D]

AgaEainiy 1200 W/m? fiian 13.00 u. fifniade

v

AABATIIIUYINAY 724.7 W/m?

” .
.o 8
- 70 ¢
“ >
1 s | — 1t (0€)
I w0 - - tout{e)
.[ 30 - ~#& WRhin
20 - —— % Rhout
10 +
° 5\

--------

A 15 kananuduiussEnieg gl AnuTuLay

VAENTUNINAAB UGB ULAINA LA TR WU

[
a o

Ansagiunluiunviesiudula

AN 16 NIINAFBUHDULINEITULETD TR UY
a8 uN
Y

NN 15 UAZAIN 16 LAAINANITNAGDU
gauwiuuAnaseg iUl aninviseiiudulaluiun
NAABY YUNYIISTUAUVBIDINIANBUBNG D UL
1 ! LY o 1 a ¥ Y a1 Q‘ b
AU 34°C AvgaumgiinnglugouuvisilAnsudu
7 34.4°C Wenaruluagungiinguaniiiudiy
099MgegaN 42°C MIan 13.00 u. gaumnilanglugey

o = ° a v Y A
Wiigagal 55.8°C gaungilnguangauuilaiiafe
Wiy 40.96°C gaungilnnglugeuuiauadelaviifiu
48.47°C dwisuanuiuduinsnelugounvisliAnasan
11 68.8% HALAALWINGU 61.83% UavANuTUdNING
AeuangiafeliAnwvintiu 37.56%UmMUNIEHAUIN

a o o | a A 5o D a
Handnifegafen 46.93 ¢ Umingaigiaie
23.41 g lagArgumginiglugiiusunaniiniuniued
ANULUNGT N UREI TN BINanITITeaenAd ey

S e Vol. 15 No. 1 January-April 2021

Science and Technology



HAUITURS Hudakorn (2009) wuin gaungiuessn
\fufedeniindavilaguaniutaeiifiianudundany
wasefindgeaauaziilennuduvesiidanasguuni
YosffiuSiduaseriindfvzanasnudiae

2. N1IANNARAUN LUTDURINS 1 1UKAS
A UUNaELNE UL TUNYa9iLadld nan1seaDs

=)

21

De
D

usnimrrasdiminnusioeddndy
mimsufnvsasanliiionudila

g

g

—o—pimuatiure el

Fwnrantamdinweaieded (Wimh)

- 8 8 B B

31

AN 17 AR UNGIULEIDI NG NYIIN1TNTID

10
11.00
113
12.00
17w
12
1
14
1500

Tadmiunsnadeugeuliandsnuuatainduuy
waswauluiunviesiudula

NN 17 UEASNANSVAFBUNTINAANLIT
naMuaeinddviunsdeuuitnauLaefing
wuuraunay luufivesiudula vinismegeu 8
FlussieTu Franandausiian 09.00-17.00 U, A1A
davemdsnuwaefindiimasgainiu 972.2 W/m?
nan 14.00 u. fidadunaaniaiuwiiu 784.6 W/m?

uspwmudidsadnevgl matudod uenom

b )
€0

=
3
.;; %)

"5 W — 301 (1)
£ —0otfol)
z» -

.E’, - KM
F —.—Aret
“10

g

83

10,00
1030

g

110
1200
130
1100
12
1400
1430
1500
1520
1600

1630
17.00

AN 18 LAAIANUFURUTTEN QNN AUTULAY
VAEMTUNNINAAB UGB ULAINAN LA TIRGLUY
waswauluiunviesiudula

o A

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

AW 19 NIINAABUHDULNAIULED NG WU

naunauluTunnesinuaula

NN 18 WAPINANTVAFOUHD UG
wasefinduvunannauluTuiviosiudula gumnd
Busuresernanisusngouwediawiniy 30°C ein
gumgiinelugouusiidnGuduil 29.2°C ieian
’uluaguvniaeuenifintuiagagegail 37.4°C
finan 13.00 u.gaumninelugounrisgeanil 60.5°C
gaumniinsuend ouwssildadewvinfiy 34.14°C
sumgiinglugeuuiaadeiisuminiu 50.6°C dnsu
Arwidudiivg nelugouwisdiangegadl 57.6% fidn
WAewiiy 45.64% uazanuTudinivdnisusndiads
S 46.27% vntniduduaneanfasifosng
wawdl 49.24 ¢ 5ﬂmﬁﬂqmﬁ1maf§'8 23.03 ¢ ANTL
waulninade 1.69 kw/day amdualdsnesiu
WA 6.76 UIM/TU viTO 20.28 UIN/TOUNIIHEN

NNIsTguLguNsITuga uLaNE Y
waseinduuunaurauiunisiddouLiandauuas
o1finduuuindsog fuiiluanineniauagiosia
winlalndifsariu wui Agumginnglugeuuriegs
GﬁuLﬁaLﬁaﬂlwdmnmﬁmqmﬁméé’qﬁmmﬁuLLm%"U
AuFeulifis 90°C vilimsnnuiandn Susianunse
sumethldfind earududuinsnnelugouursly
ParfuGuduasiiingendn nmseulutunds 1 ilesan
USmnahaelundnfusidaduiinamn Usinmen




mmﬁ??ué’uﬁwémauaﬂﬁjﬁwaﬁ’umsizmaﬁ”ﬁmsflu
Fouwtaildnsmnuuvegiudl naife mauiaunw
Anutuneuengdagenissemeiiaislug eyl
aunsaszuigeanintaaminiunslddouningsny
AR TN WU UHALNE LN 1ZaU1TOAIUAN YN
aelugouurildaiane Fsaenndesiuamiseves
Jareanjit (2012) Yadendnlunisifivaussous
n15eUwiAIesdending fie aamgll ANusy was
ArwturasemAluszuy Taufsnsimunssuulid
mmashiane uazifiuszeznanseuusisiidnnuiou
nTedeniing

3. MsaneaAnduelugauuieandeanuuas
p1findwuunaunauluTunddunniaziwaunaay
HANIINARBY Al

maturomssmmsniadd iy
mameshuvvetemnnluiidamesiusmiengs

-ty uatinunIV Y

cBEEZEBES3

N
FFEFF LTSS

AR AR AR AW/ m?)

AN 20 ATAMITUNAIULEIDANENTIIN1TATT

v o

Tadwiunisveaeudeunianasulaseindluiy

=

Musnuazdiuaunaqy

NN 20 LEAIHANITNARBUNITIAAIAINL
WUnAsULae 1 inddmIun1sge UL UUNA Y
LavenduuuRaNNaIY Juiunnuaziiuaunagy
Wnsveaeu 8 Falussetugaeian 9.00-17.00 .
AANUTNYDINE LA TIngTA1aeanLI1 iU 690

W/m? fiian 12.30 . danasnasniaiuwinnu 439.4
W/m?

usnr i sissgangd i senam

%

80
:E;o m

()

0 g dlug
g
€ a0 == pongluead
a % -O-armﬁlué

o —— p3uuuend
10

J m

338

0
1130
1200
1730
1300
1130
1400
1430
1500
15830
1600

1630
17.00

RE
s

1

AN 21 wanaANUANTLSTENI RN ANLTULSY
VANEINTUNINAAB UGB ULAINA I TULAI IR WU
naunauluTuiluanuasiiuaunaqy

AW 22 NIINAABUEDURINAINULEDI NG WUY

o A a °
naurauluiunuaniazlwaunagy (iin1sean
aeluanang)

NN 21 UARIHANIVIAFOUFOUUINE 111
waseinduuunamalyuinunnuariiueUnagu
oumaiiFuduveseInIAnBuengouwrsilAmify
29.2°C AgamgianelugeuusiiinEusiui 30.2°C
Fonariluagungiiniousnifinduiagagegad
35.2°C finan 12.00 u.gamainelugeunsiageandi
58.7°C gauufinneusngeunisiAadsindy 32.4°C
paumgiinelugouuriaadediainiu 51.86°C dwsy

EAU HERITAGE JOURNAL

Vol. 15 No. 1 January-April 2021

Science and Technology



'
' =

arududiimsaelugeuusdiangageil 68% e
\RBWINAY 56.16% LLaxmmﬁ??uéfuﬁwémauaﬂﬁmﬁa
fiAnwinfu 71.8% dhvdnBuduainnanssiiiedns
waefl 49.64 ¢ ﬁmﬁﬂqmﬁwmﬁa 28.29 g AN
wdsuliiade 2.09 kw/day Aadualdinesu

PAIIIY 8.38 UM/TU 1138 25.14 UIN/FBUNISHAR

f1319 1

d3UNan133e

NATANYIANTTAULVDIFDULMING 1Y
o finduvunaunay Tngldngdreiilunisou
Wi raieudivhnisvadeu fe fusisu-suiay
ladayalagasunanismaaauianisng 1

FTUNANITNATOUF O ULIINAI U 1T UUN TR T

deui sUlUY ALaBENaNINAEoU
N1IAINUAS . . - - & & ¥ e
Aenady  gamgll  gamgll  mnwru enudu Ui dwtdn
waanw  aneuen gty g dwins Swdu gavine
waeaing meueng  aelug
(W/m?) (°0) (°C) (%Rh) (%Rh) (ke) (ke)
1 LLUU@%J'fQIJUVII 724.7 40.96 48.47 37.56 61.83 46.93 23.41
2 quwammﬂu 784.6 34.14 50.6 46.27 45.64 49.24 23.03
Tunvosiuaula
3 LLUUN&&JN&’]USL‘L! 439.4 32.4 51.86 56.16 71.8 49.64 28.29
Tuiunnuae
Twaunagqu

WIaN1TUNNANUNUTINVBINANN TP 88N
luusagnsainudn Jeuniandenuiaseninduuueg
U dl

5 v a v a o cw | a
AUNUINUNLIUAUIINNAANUNAIDELRREY 46.93 ¢

v '
° o

dwidngaineidis 23.41 ¢ AuFunasguden
gavinelundndauaiAninau 29.6%,, A8 19NaRER
e wandlunmn 23 lUN1INAADUH B ULAINE 1Y
wasefinduuunaunaulutufivesiuduladmdn
Suduanuandausiiiegueded 49.24 ¢ dnin
anvineindis 23.03 ¢ AwTuIAsEILLTEngaYine
Tundndaaiiavintu 28.40%,, fog1swandniils
Aananslunin 24 dmsun1ImedeUfoULTINaNIY
waofinduuunanany Tuuiiunnuasfissdnagu
IgvinnsmnnieluenmstindnSuduainuansias
Freguaded 49.64 o 5ﬂﬁﬁﬂ?jﬂﬁ1&lLa§8 22.89 g
AudusnnsgruenanvinglunnSousida iy
28.0%,, fegnawandandldduandunm 25 e

wWisuiiguanduazinningavineveandndnaiiean

o A

U 15 atUf 1 Uszdufion unsiAu-luweu 2564

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

Tndfestunarlunsnagounansaeiflaldinni
goydesEninen1sundn uavesgeumsngdmiuly
lun1sudsgundananianisineasluaiaGeunsenis
wUsgUnBndneidmivyney wanfusialdainnis
BULVIAIEH DM NN ULAIR IR LU URANHATY

UlnuAMUATANATDINQNATAN YL

AN 23 uanswandaindieunneuwislaglyeu

v A

wisndanusaseinguuuinasagiuin



NN 26 FOURNNAINULAID NN UUY
naunauillaluneaaedinaiuias Jamtayuwu
WNERTBUNSEY AUaTIN1EIN 8LNBNUBUED J9NIA

Unusndl lusgaau Tdnanlunisudandlgininey

a

wiislamseay 3 1 Juag 8 WIlug lanandniade 3 ke

ABIOUNISNARN

AW 24 wansndndaeindieinineuwidlaglydeu

LAINFIULAIDI NN U UNELNE 1 UNAFUTUIUN

79 uwaula

AN 26 NMFUNEBULTINFINULEIR ARG UUUHAY
naulunmasalyanuy

AnRNssuUsEAIA

YBVRUANUNIN G DAL AT UL TINS
o ﬁ o

advayuITedaibinuideddiigailuded

A 25 wanswdndnuginalginieuuislagligeu
WAINFIULATD IR L UURANNA UN A g UTuIUN
Hunnuaziiuaunagy

< &
2 g }%; g

References

Borirak, T. (2018). Thermal efficiency enhancement of solar dryer using sun tracking system.
SWU Engineering Journal, 14(1), 23-32. (in Thai)

Chuewungkham, S., & Phothikanit, U. (2016). Tunnel driey by a combination of solar and biogas
(Research report). Sakon Nakhon: Sakon Nakhon Rajabhat University. (in Thai)

Fr e ropnA: Vol. 15 No. 1 January-April 2021

Science and Technology




Hudakorn, T. (2009). A study on performance of a v-groove flat plate solar collector for a solar dryer.
The 23th Conference of Mechanical Engineering Network of Thailand (pp. 1-8). Chiang Mai:
Thai Society of Mechanical Engineers. (in Thai)

Jareanijit, J. (2012). A solar dryer technology and Its development. KKU Research Journal, 17(1),
110-124. (in Thai)

Klabprasitti, A., Supawantanakul, D., Sittisaung, P., & Sangsirimongkolying, R. (2020). Construction of
solar cabinet dryer for technology management of processed snakehead fish production.

Princess of Naradhiwas University Journal, 12(2), 82-96. (in Thai)

Kurmharn, W., & Saen Rang, D. (2014). Study and development of a solar tunnel dryer for chili in
Nangam Sub-district, Renunakhon District, Nakhon Phanom Province (Research report).
Sakon Nakhon: Sakon Nakhon Rajabhat University. (in Thai)

Na Pibul, S. (2015). The Gulao Fish drying process using an electrical energy dryer with PID temperature

control. Princess of Naradhiwas University Journal, 7(2), 1-10. (in Thai)

Narrat Jansri, S. (2017). A study on performance of a solar biomass hybrid dryer for agricultural

product. SWU Engineering Journal, 12(1), 1-10. (in Thai)

Pathanibul, A., & Arpornwichanop, A. (2014). Drying technology. Technology Promotion, 41(234),
64-67. (in Thai)

Yaibok, T., Phethuayluk, S., WeawSak, J., Mani, M., & Buaphet, P. (2010). Development the fish
drying process with a solar-electrical combined energy dryer under the Southern of Thailand

Climate. Thaksin University Journal, 12(3), 109-118. (in Thai)

Yotwinyuwong, S. (2017). Mini greenhouse solar dryer for the community. The 4th Kamphaeng Phet
Rajabhat University National Conference: Innovative and Technology to drive Thailand 4.0

(pp. 1176-1184). Kamphaeng Phet: Kamphaeng Phet Rajabhat University. (in Thai)

Taikhao, A., & Teekasap, S. (2013). Natural convection and forced convection solar dryers. EAU Heritage

Journal Science and Technology, 7(1), 23-31. (in Thai)

Tasara, J., Tirawanichakul, S., & Tirawanichakul, Y. (2014). Strategic development of Crisp Tiny Anchovy
using hot air and infrared drying. Burapha Science Journal, 19(1), 1-10. (in Thai)

<

&

, , NIANTIVINTUATINE DA W Te
U 15 atUf 1 Uszdufion unsiAu-luweu 2564 < < B
i g atuinermansuazinalulad




Az sAUINTEIUsIYNYaLATasTuNIAlYE LUU Boeing 737-800
arelusunsululasvanyitdna
Loading Instruction of Commercial Aircraft Boeing 737-800
with Microsoft Excel

Anfilwweg wunvan' Useing 29dian’ g auudinag wag niude duasedsd’

Kittichet Nontasud', Pravith Vongviwat' ,Sukanya Sommaneeduang' and Thuanchai Tansuriyawong’
'Atzn150U ANINEIRdaLSuLeLTe

'School of Aviation, Eastern Asia University

238 vireanaeulng 9199 (L)

*Airports of Thailand Public Co.,Ltd.

Received: December 25, 2020

Revised: February 24, 2021

Accepted: March 3, 2021

UNANED

mideitiauonsszgndldreufinnesduivatauaiosdietisuunitminusmauaznissneusmmn
yoapesTumdud fu Boeing 737-800 Tnsnslilusunsulalasvewidnisa dwiultilueiesiiovaelunis
Founisaou el Fouiinud mnuidnla uarannsafunvinuarauaunssE eI NU TN Ues
wsosdumidedldognsgnios TnsnuitedagshnmaIeudouailidmiunmsuusidmidnussnuagns
sgaussynimdnguau 3 a1 fo Al DL Adied LIZFW wag endail LITOW ldannnisiundieds
Manual FsllunsBsunisaoutiagtiu furdwnildnneoufunesigideldasdu lnsmatmuaiaegs
Wlonaaeuduan 10 19819 MNHANIINAGEUNUIN AferazauAaRiAADuYesAfuERlTlunTuugi
ihfnussynuagnsszsussnimdnildanaeuiannesfuis Manual ténadsl fesazanueainiadon
YosA il DLI Wiy 1.55 Sevazmnuaaandouvesidvil LIZFW Wiy 1.93 Segagaunainindeuyos
A1l LITOW winfu 1,57 9inuansvaaeuannsnasuléinedesdorisuugdnimdnusmauaznisseang
ussynveaniesdumfivd Ju Boeing 737-800 suasufiuned Tiaduavesmduliianulndifgeiy
MsAUIsETs Manual dsannsailulfiduedosdietislunisiiounisaeuiioasnsannud aridilals

v
a =

W Seulasg el

o

Addgy: NMswuziulnussynuazn1sszIUsIn wIssdunidyd lulasgenidnea

v

EAU HERITAGE JOURNAL

Vol. 15 No. 1 January-April 2021

Science and Technology



Abstract

This research presents a computer application for loading instruction of commercial aircraft Boeing
737-800 with Microsoft excel for use as a teaching aid. To provide students with knowledge and
understanding and can calculate the weight and control a load of commercial aircraft accurately. This
research will compare three values used for loading instruction: DLI index, LIZFW index and LITOW
index calculated by the manual method with the computer by specifying 10 samples for testing. From
the results, we found that the percentage of error of the index used to loading instruction from the
computer with the manual method is the following, percentage of error of the DLI index is 1.55%,
LIZFW index is 1.93%, and the LITOW index is 1.57%. From the results, it can be concluded that the
loading instruction of the Boeing 737-800 commercial aircraft by computer. Provides the calculation
of index values that are close to the manual calculation, which can be used as a teaching aid for

understanding to learners.

Keywords: Loading instruction, Commercial aircraft, Microsoft excel
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#0819 7 46.00 46.48 1.04 41.00 41.09 0.21 48.00 48.09 0.18
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Abstract

Exposure to secondhand smoke affects to health. The purpose of this cross-sectional study was to
examine the secondhand smoke exposure, nicotine dependence, and supported smoke-free university
of staff and students in a private university. The samples were students, and faculty members in the
academic year 2018, selected by stratified random sampling (n=295). The questionnaires composed
of 4 parts; general information, smoking behaviour, Fagerstrom’s Test for nicotine dependence (Thai
version), perceived severity of second-hand smoke, and support smoke free university. Data were
analysed using descriptive statistics. The results found that samples were female 72.50%. Most of these
were in a faculty of Social and Health Science. The sample smoked 6.77% and used factory-made cigarette.
Most of the smoker had smoking inside the university 55.00%. Non-smokers indicated that cigarette
smelled was inside the buildings (60.87%) and in the toilet (17.39%). In overall, smoking behaviour was
in the low level. Most of samples perceived the severity of second-hand smoke at highest level, and
supported smoke free university 93.60%. This study suggests that appropriated smoking cessation

program for current smokers, and supported smoke-free university.

Keywords: second-hand smoke, nicotine dependence, smoke-free university
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Abstract

Air freight forwarders play a key role in the air cargo industry. To air freight forwarders, making a
reasonable decision to select the ‘best’ airline can be considered as a strategic tool to gain a competitive
advantage. In previous study, the appropriate criteria and sub-criteria for selecting the air freight airlines
were determined by Thai experts in logistics, and the Analytic Hierarchy Process--AHP model for
selecting the best airline was developed. The aim of this paper was to extend our previous study by
applying the AHP model to the Bollore Logistics (Thailand) Co., Ltd., a freight forwarder in order to
select the ‘best’ airline through the view of the “managers”, and conducting sensitivity analysis via
changing criteria weight values and changing the weight values of experts in order to investigate the

robustness of the ranking results. From the freight manager’s point of view, the best airline was the

Fh e enm Vol. 15 No. 1 January-April 2021
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X Airline, in which the management gave the utmost importance to the price and reliability criteria
respectively. According to the sensitivity analysis results, it can be concluded that there was the

robustness of the decision results.
Keywords: Airline selection, Analytic Hierarchy Process, sensitivity analysis, air freight forwarder
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Introduction services. Air freight companies are often faced with

the problem of choosing the best freight carrier
(de Lima & Belderrain, 2016). One of key decisions

Air freight forwarder, as the servers to

the shippers and the customers to the airlines,

is a company involved in the service of shipping in logistic management o freight management

goods or cargo by air. Air freight forwarders play is the selection of the carrier or airline to move

the firm’s inbound and outbound freight (Meixell
& Norbis, 2008). To freight forwarders, making a

an important role in air cargo industry and in air

cargo transport activity, in which “operations of

air freight forwarders involve being entrusted with reasonable decision to select the “best” airline

the shippers’ cargo and at the same time, freight can be considered as a strategic tool to gain the

forwarders negotiate with airlines to transport competitive advantages (Bhatnagar & Teo, 2009)

their cargo to the required destination” (Chao, ncluding low operating costs, cost-effective

Lirn & Shang, 2013, p. 1672). operation, efficiency and operational agility,

having the potential for quality performance,

Today, there are many airlines and each having lowtransportation costs, and reduce

airline has an incentive and offers for air freight .
hidden costs or unnecessary expenses, etc.

forwarders to choose to use their own freight
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Therefore, in making this decision, it
should be based on a number of qualitative and
quantitative factors. Managers typically consider
multiple attributes (such as cargo safety, the
speed of tracking the shipment, the availability
of cargo space to support the transportation and
the number of cargo flights that are sufficient to
meet the needs), when making this decision, often
focusing on cost and transit time as the primary
criteria. However, as the cargo airline selection
process often involves multiple criteria. Additionally,
the importance of individual criteria often differs
from company to company, and even within a
company from one facility to the next (Meixell
& Norbis, 2008).

Currently, many researchers have studied
and developed a number of Multi-Criteria Decision
Making--MCDM methods e.g. Weighted Sum
Method--WSM, Weighted Product Method--WPM,
Preference Ranking Organization Method for
Enrichment Evaluation—-PROMETHEE, The Elimination
and Choice Translating Reality--ELECTRE, Analytic
Network Process--ANP, and Analytic Hierarchy
Process--AHP, etc. (Pohekar & Ramachandran,
2004). One of the effective MCDM methods, the
most famous and widely used is the AHP method,
because the AHP method has a hierarchical structure
that mimics human thought processes, and AHP
is ideal for making individual and group decisions.
Besides, it is important to note that the views of
or decision makers (managers) need to be taken
into account while selecting the best airline to
avoid bias.

Many studies apply AHP for several purposes,
and some of them apply it in a specific context
such as aviation industry context (see Mitsumoto
& Somsuk, 2016; Polsuwan & Somsuk, 2016;
Jeamjamroon & Somsuk, 2016; Jaroenphamin &
Somsuk, 2018).

For the air freight forwarding business, an
application of the AHP method in cargo airline
selection, managers at different levels are required
to make the decisions. However, high level managers
tend to have a substantial amount of experience.
Therefore, in case of equal importance of the
managers, conducting sensitivity analysis via
changing the weights of managers is needed in
order to investigate the robustness of the AHP

results.

In our previous works (Pookboonmee &
Somsuk, 2020a; 2020b) have studied the appropriate
criteria and their sub-criteria for the selection of
air freight airlines from the view of a group of
Thai experts in logistics, and the AHP model for
selecting the best airline has been developed.
In this study, we extend our prior work to cargo
airline selection for the Bollore Logistics (Thailand)
Co., Ltd., an air freight forwarder, in order to
select the best airline based on the view of the
company managers. Finally, this study conducts
sensitivity analysis via changing criteria weights
and changing the weights of experts in order to
investigate the robustness of the ranking results

as well.

Literature Review
Air cargo service and key players

The global air cargo industry has grown
rapidly in recent decades and is now critical for
the global economy. The global air cargo is an
operation-intensive industry involving many
participants and different specific operations. The
participants include shippers, air freight forwarders,
customs brokers, cargo terminals, ground handling

services, and airlines (Chao, Lirn & Shang, 2013).
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Airlines (or carriers) provide freight forwarders and
shippers with services, including consultation,
capacity booking, pickup, receiving, packaging,
sorting, loading, transportation, dispatching, and
cargo tracking and tracing. Table 1 summarizes
the activities or operations of the key players
in air cargo service (Feng, Li, & Shen, 2015). Air
cargo transport is more complex than passenger

transport because the former involves more players,

more sophisticated processes, a combination
of weight and volume, varied priority services,
integration and consolidation strategies, and
multiple itineraries of a network than the latter.
The key differences between cargo and passenger
operations have been highlighted in the literature
(e.c., Bartodziej et al., 2009; Leung et al., 2009;
Li et al., 2009; Wang & Kao, 2008). A summary is

presented in the following.

Table 1

Activity/operation of key players in air cargo service.

Player Activity/operation

Shipper Make booking, Negotiate best rates, Select priority, Preparation of documents-
customs, insurance, Track shipments, Accept billings and make payments,

Place claims and repair changes

Forwarder Make booking, Negotiate best rates, Select priority, Preparation of documents-
customs, insurance, Track shipments, Accept billings and make payments,
Place claims and repair changes, Booking acceptance, Bid for space-allotments,
Distribution, Warehousing, Invoice shipper, Interact with multi-modal carriers,
Massaging and transaction ability, Consolidation of shipments

Airline Schedule cargo flight, Plan cargo routs Initialize and open flights for booking,
Negotiate rates, Publish prices/rates, Provide distribution channels, Forecast
cargo capacity, Segment and forecast careo demand, Plan for no-show,
cancellations and overbook, Set-up bid prices, Accept/reject shipments
orders, Maximize revenue, Improve load factors, Track shipments, Accept
bids from customers, Allocate cargo space-allotments, Resource management
of terminal staff, Accept shipments tendered, Dangerous goods control,

Package validation

Airports Warehousing-storage, Customs, Security clearance, Dangerous goods control,

Package validation, Notify captain, Facilitate smooth cargo operations

Consignee Track shipments, Accept billings and make payments, Place claims and

repair charges

Note. From Air cargo operations: Literature review and comparison with practices, by B. Feng, Y. Li
and Z.-J. M. Shen, 2015, Transportation Research Part C, 56, p. 266. Copyright 2015 by Elsevier Ltd.
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Criteria for selecting cargo airline

According to our previous work (Pookboonmee
& Somsuk, 2020a), the appropriate criteria and
their sub-criteria for the selection of air freight

airlines from the view of a group of Thai experts

best cargo airline, using data collected from an
assessment form with 5-point Likert scale (1: least
suitability, 5: most suitability), and asking for the
opinions of a group of 30 experts, each having

at least 8 years of experience in logistics, from

in logistics has been studied as following: the 4 companies. The data were then analyzed with

o o . t-test at the significance level of 0.05. The results
preliminary six criteria and preliminary 32 sub-

criteria were collected by reviewing relevant indicated that there were 6 suitable criteria (namely

literature (e.¢. Gardi, Sabatini & Ramasamy, 2016; price, agility, reliability, ease of use, sociality, and
de Reuck, Donald & Siemers, 2014; Updegrove &

Jafer, 2017, etc.). All preliminary ones were then

process) and 22 suitable sub-criteria as shown in
Table 2.

employed to assess their suitability for selecting

Table 2

Criteria and sub-criteria for selecting cargo airline in the view of Thai experts

Criteria Sub-criteria (Code)

Price Low price (P1), Variety rate (P2), Volume incentive (P3), Rate increase with
lead time (P4)

Agility Fast transportation time (A1), On time operation (A2), Global network (A3),
Fast loading time at transit points (Ad)

Reliability Safety products (R1), Space during peak (R2), Cargo flights that enough
or need (R3), Quick and proper action if any irregularity (R4), Accuracy of
documents (R5)

Ease to use Fast transportation time (E1), On time operation (E2), Global network (E3)

Sociality Fast loading time at transit points (S1), Safety products (S2), Space during
peak (53)

Process Service that meets customer needs (PC1), Service procedure standard and

compliance (PC2), 24-hour information service center and problemsolving

for customers (PC3)

Note. From The study of selection criteria for cargo airline. In proceedings of Green ASIA and Sustainability
Forum: BCG in Action; the New Sustainablie Growth Engine (Bio-Circular-Green Economy), 12 June
2020 (pp. 250-264), by V. Pookboonmee & N. Somsuk, 2020a. Pathum Thani: Eastern Asia University
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Analytic Hierarchy Process

The AHP is a decision making procedure
originally developed by Saaty (1977, 1980, 1986).
Its primary use is to offer solutions to decision and
estimation problems in multivariate environments.
“The AHP establishes priority weights for alternatives
by organizing objectives, criteria, and subcriteria
in a hierarchic structure” (Bernasconi, Choirat &
Seri, 2010, p. 699). AHP is a method used to solve
complex multi-criteria decision making problems
by giving systematic priority ranking (Wang, Sheng,
Xi, & Ma, 2018). AHP is used to derive ratio scales
from both discrete and continuous paired
comparisons. These comparisons may be taken
from actual measurements or from a fundamental
scale which reflects the relative strength of

preferences (Saaty, 1987, p. 161)

To make a decision in an organised way
to generate priorities we need to decompose the

decision into the following steps (Saaty, 2008).

1) Define the problem and determine the

kind of knowledge sought.

Table 3

2) Structure the decision hierarchy from
the top with the goal of the decision, then the
objectives from a broad perspective, through the
intermediate levels (criteria on which subsequent
elements depend) to the lowest level (which

usually is a set of the alternatives).

3) Construct a set of pairwise comparison
matrices. Each element in an upper level is used
to compare the elements in the level immediately

below with respect to it.

The scale of importance is defined in
Table 1 according to Saaty’s nine-point scale for
pairwise comparison. The nine-point scale is a
scale of importance estimation ranging from equal
to extreme importance: equal, moderate, strong,
very strong and extreme importance. The numerical
judgements corresponding to these linguistic
descriptions are (1, 3, 5, 7, 9), with compromises
(2, 4, 6, 8) between these judgements (Saaty &
Vargas, 1998; Saaty, 1994) as shown in Table 3.

AHP’s fundamental scale according to Saaty (Saaty & Vargas, 1998; Saaty, 1994)

Intensity of importance
on an absolute scale

Definition

1 Equal importance

3 Moderate importance of on over another
5 Essential or strong importance

7 Very strong importance

9 Extreme importance

2,4,6,8

Reciprocals

Intermediate values between the two adjacent judgements

If activity i has one of the above numbers assigned to it when compare

with activity j, then j has the reciprocal value when compared with i
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4) Use the priorities obtained from the
comparisons to weigh the priorities in the level

immediately below. Do this for every element.

decision maker (expert) are finally synthesized
using the geometric mean approach suggested
by Saaty (Saaty, 1990).

Then for each element in the level below add its Continue this process of weighing and

weighed values and obtain its overall or global adding until the final priorities of the alternatives

priority. The overall weight of each element with in the bottorm most level are obtained.

respect to the goal is then calculated by multiply-

ing the local weight of an element by the weight The generalized algorithm of the AHP is

of its preceding element. The judgements of each represented in Fig. 1.

Problem modeling

!

Construction of the hierarchy

Y

P Criteria (and sub-criteria) weights derivation Il

!

Alternatives weight derivation [

!

Consistency check

Consistency Ratio <10%

yes

Aggregation

!

Sensitivity analysis

no

Robust?

yes

Final decision making

Fig. 1 Algorithm of the AHP

Note. Adapted from A research of procedures used in the analytic hierarchy process and visualization
in sensitivity analysis, by V. V. Kotova, 2016, Scientific Visualization, 8(2), p. 59-84. Copyright 2016 by

National Research Nuclear University “MEPhI”
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Sensitivity analysis

In model building using the AHP, sensitivity
analysis is a crucial step in determining if the
solution is implementable and robust (Saaty
& Vargas, 2013). A sensitivity analysis involves
changing the weight values and calculating the
new solution. In this study, sensitivity analysis via
changing criteria weight values and changing the
weight values of experts has been conducted in
order to investigate the robustness of the ranking

results.

Aggregation Methods in Group Decision Making
based on AHP

For an effective the alternaive selection,
by applying AHP to a multi criteria decision making
(MCDM) model, the alternatives in group decision
making will be assessed. To combine the preferences
into a consensus rating based on AHP, there are
two ways: aggregation of individual judgments
(AlJ)) and aggregation of individual priorities (AIP)
(Dong, Zhang, Hong & Xu, 2010).

Consider an AHP group decision making
problem. Let D ={d, d,,....,d } be the set of
decision makers,and A = { 4, 4,,...., /lm} be the

weight vector of decision makers, where

m
Ao >0 k=m X (1)
k=1
Let A = (™)
ij nxn

be the judgment matrix provided by the
decision maker dk (k=1,2,....., m)
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As mentioned above, two of the methods
that have been found to be the most useful in
AHP group decision making are AlJ and AIP. In AlJ
and AIP, the weighted geometric mean method

is generally used as the aggregation procedure.
(1) The Aggregation of Individual Judgments—Al

For AlJ, the decision makers use the

weighted geometric mean method to aggregate

Research Methodology

The study was based on the data collected
from a previous study in 2019 in the Bollore
Logistics (Thailand) Co., Ltd. In this study, we
extend our prior works on determining the criteria
for selecting the optimal cargo airline from the
perspective of Thai experts individual judgement

matrices to obtain a collective judgement matrix,

, Where

A© _ (a(C))

ij “nxn

(c) mn (kN 4
a =11 (ai.) k

i k=1

Then, we use certain prioritization method

to derive a collective priority vector

w = (w,“, w,..., w @) from A© to order

the alternatives.

(2) The Aggregation of Individual Priorities
~AIP Let w® = (w®, w®, .., w®) be the
individual priority vector derived from individual
judgment matrix A® using certain prioritization
method. Then, the collective priority vector
obtained using AIP is using certain prioritization
method. Then, the collective priority vector
obtained using AIP is w@ = (w,©, w,”,....., Wn(c))T,

where,




ITI 4
w,)
W(C) —
s 11wy
i=1 k=1

(Pookboonmee & Somsuk, 2020a) and selecting
the best cargo airline with regard to multiple
criteria decision alternatives through three groups
of decision makers including managers, head officers,
and operators (Pookboonmee & Somsuk, 2020b).
However, this current study, we focus on the view
of managers who are key decision makers in

selecting the carrier or airline. We have applied our

AHP model for selecting the best airline (in Fig. 2)
(Pookboonmee & Somsuk, 2020b) to the Bollore
Logistics (Thailand) Co., Ltd., a freight forwarder
in order to select the ‘best’ airline through the
view of the managers, and conducting sensitivity
analysis via changing criteria weights and changing
the weights of experts in order to investigate the
robustness of the ranking results. The Bollore
Logistics (Thailand) Co., Ltd. has three alternative
airlines: X, Y, and Z airlines. All of these airlines
provide export and import services on carriers

and routes, to and from Thailand.

In this study, a spreadsheet program,

Excel, was used to perform the calculations.

Cargo airline selection

Level 1: Goal

Price Agility Reliability Ease to use Sociality Process Level 2: Criteria
2 g
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Fig. 2 The hierarchical structure for selecting the best cargo airline
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In the current study, the research methodology

was divided into three phases as follows:

The first phase, a key decision maker
identification phase, this phase involved an
identification of key stakeholders who would
be directly or indirectly affected by the Bollore
Logistics (Thailand) Co., Ltd.

The second phase, an application of the
developed model (in Fig. 2) is conducted by
applying it to the Bollore Logistics (Thailand) Co.,
Ltd. A group-based computation phase where
a certain priority of each factor was computed
based on the data collected from a previous
study (Pookboonmee & Somsuk, 2020b) and their
judgments were aggregated into a consensus rating
was conducted through the geometric mean of
judgments. In this phase, an AHP was applied to
the Bollore Logistics (Thailand) Co., Ltd. to determine
the airline weights and then select the best one

from the manager point of view.

Table 4

The last phase, a sensitivity analysis phase:
changing criteria weights and changing the weights
of experts in order to investigate the robustness

of the ranking results are conducted.

Results and Discussions

A result of key decision maker identification

In this phase, four managers of the
company were selected, in which their average
professional experience in the freight forwarding
business was 20.00 years with standard deviation
of 5.29.

Results of applying AHP

The criteria, sub-criteria and airlines
rankings by using AHP in the view of managers
in the Bollore Logistics (Thailand) Co., Ltd. are

shown in Table 4.

Criteria, sub-criteria and airlines rankings by using AHP in the view of managers in the Bollore Logistics

(Thailand) Co., Ltd.

Criteria Weig Ranking Sub-criteria Local  Overall Ranking Overall Weights
Weight Weight X v 7
Price 0.424 1 Low price 0.260  0.110 2 0.542 0.152 0.305
Variety rate 0.382  0.162 1 0.279 0.322  0.399
Volume incentive 0.192  0.081 a4 0.315 0.411 0.274
Rate increase with lead  0.166 ~ 0.070 5 0.710 0.158 0.132
time
Agility 0.096 a4 Fast transportation 0.277  0.027 15 0.647 0.187 0.165
time
On time operation 0.357  0.034 9 0.618 0.147 0.235
Global network 0.211  0.020 20 0.392 0.358 0.249
Fast loading time at 0.156  0.015 21 0.345 0.262 0.394

transit points
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Table 4 (continue)

Criteria Weig Ranking Sub-criteria Local  Overall Ranking Overall Weights
Weight Weight X v 7
Reliability 0.167 2 Safety products 0.371  0.062 6 0.625 0.154 0.222
Space during peak 0.133  0.022 17 0.476 0.193 0.331
Cargo flights that 0.169  0.028 13 0.408 0.236 0.356
enough for need
Quick and properaction  0.200  0.033 10 0.478 0.229 0.293
if any irregulation
Accuracy of documents  0.127 0.021 19 0.471 0.201 0.328
Ease of use  0.085 5 Easy tracing 0.319 0.027 14 0.425 0.249 0.326
Easy booking 0.299  0.025 16 0.389 0.253 0.358
Partnership 0.382  0.032 11 0.669 0.203 0.129
Social 0.072 6 Image 0.301  0.022 18 0.674 0.203 0.123
Various promotion 0.124  0.009 22 0.275 0.330 0.396
Government certification  0.575 0.041 7 0.400 0.256 0.344
Process 0.157 3 Service that meets 0.240 0.038 8 0.515 0.268 0.218
customer needs
Service procedure 0.558  0.088 3 0.375 0.180 0.445
standard and compliance
24-hour information 0.202  0.032 12 0.531 0.201 0.267
service center and
problem solving for
customers
Overall Priority Weight 0.464 0.237 0.299
Ranking 1 3 2

Results of a sensitivity analysis

1 A sensitivity analysis via changing criteria
weights

A sensitivity analysis was carried out by
exchanging the weights of two criteria among
themselves, while the weights of other criteria
remain unchanged (Gumus, 2009; Hussain, Mandal
&Mondal, 2018; Onut, Kara & Isik, 2009) to analyze
how changing the criteria weights influence on
the ranking results. In this study, since there were
five criteria, therefore, fifteen combinations were

analyzed for the sensitivity analysis, in which each

combination stated as a Scenario (S). Different names
were given for each calculation. For example,
the ‘C1-2" meant that the weights of the 1st and
2nd criteria were switched (while the weights of
the 3rd, 4th, 5th, and 6th criteria remained the
same), and this new scenario was named ‘S1’.
The weights of alternatives were re-calculated,
and then, the alternatives were re-ranked for each
scenario, and finally graphically presenting how
the overall ranking of airline alternatives changes.
The results of sensitivity analysis are shown in
Table 5 and Fig. 3.
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Table 5

A sensitivity analysis results by exchanging the weights of two criteria

Scenarios Alternatives
X Airline Y Airline Z Airline
SO (Basic Scenario)  No-Change Scenario 0.464 0.237 0.299
S1 C1-2 0.500 0.221 0.279
S2 C1-3 0.488 0.218 0.294
S3 C1-4 0.492 0.225 0.283
S4 C1-5 0.479 0.230 0.291
S5 C1-6 0.468 0.220 0.312
S6 C2-3 0.465 0.239 0.296
ST c2-4 0.464 0.237 0.299
S8 C2-5 0.462 0.237 0.300
S9 C2-6 0.470 0.238 0.292
S10 C3-4 0.463 0.240 0.297
S11 C3-5 0.459 0.242 0.299
S12 C3-6 0.463 0.237 0.300
S13 C4-5 0.464 0.237 0.299
S14 C4-6 0.469 0.239 0.292
S15 C5-6 0.466 0.240 0.293
Overall Priority Weight
0.6000
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Fig. 3 Sensitivity analysis of ranking results when the weights of two criteria were exchanged
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2. A sensitivity analysis via changing the
weights of experts

Besides, a sensitivity analysis of the group
weights was also applied to study the effects
of differences on the importance of the expert
groups. To achieve this, a sensitivity analysis was
performed with different scenarios. In this study,
fourteen different scenarios (different weights) as
following; 1st manager: 2nd manager: 3rd manager:
4th manager weight ratios = 2:1:1:1, 1:2:1:1, 1:1:2:1,
1:1:1:2, 2:2:1:1, 2:1:2:2, ... and 1:2:2:2, were
assumed. Each weight (importance) ratio of four
experts stated as a scenario (S). For example, the

2:1:1:1’ meant that the weight of 1st manager

while 2nd manager, 3rd manager, and 4th manager
are equally important. This new scenario was
named ‘S1’. After combining the preferences into
the consensus rating for an overall analysis by
using the Aggregation of Individual Judgments--AlJ
and the Aggregation of Individual Priorities--AIP
(Dong, Zhang, Hong, & Xu, 2010), the weight of
four experts taken into account was then changed.
After that, the weights of airline alternatives were
re-calculated by using AHP approach, and then,
the alternatives were re-ranked for each scenario,
and graphically presenting how the overall ranking
of airline alternatives changes. The results of

sensitivity analysis are shown in Table 6 and Fig. 4.

is two times important than the other managers,

Table 6

A sensitivity analysis results by exchanging the weights of two criteria

Scenarios Overall Priority Weight

AlJ AIP

X Airline Y Airline Z Airline X Airline Y Airline Z Airline

S0 (Basic Scenario)  1:1:1:1 0.464 0.237 0.299 0.470 0.232 0.298
S1 2:1:1:1 0.436 0.245 0.319 0.444 0.238 0.318
S2 1:2:1:1 0.455 0.239 0.306 0.461 0.235 0.305
S3 1:1:2:1 0.473 0.229 0.298 0.477 0.227 0.297
S4 1:1:1:2 0.493 0.233 0.274 0.496 0.229 0.274
S5 2:2:1:1 0.434 0.246 0.320 0.442 0.240 0.318
S6 2:1:2:1 0.448 0.237 0.316 0.453 0.232 0.314
Y 2:1:1:2 0.465 0.241 0.294 0.471 0.235 0.294
S8 1:2:2:1 0.463 0.233 0.304 0.467 0.230 0.303
S9 1:2:1:2 0.480 0.235 0.285 0.484 0.232 0.284
510 1:1:2:2 0.496 0.227 0.277 0.498 0.225 0.277
S11 2:2:2:1 0.443 0.239 0.317 0.450 0.235 0.316
512 2:2:1:2 0.458 0.243 0.299 0.465 0.236 0.298
S13 2:1:2:2 0.471 0.235 0.294 0.476 0.230 0.294

1:2:2:2 0.484 0.230 0.286 0.487 0.228 0.285
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Overall Priority Weight
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Fig. 4 A sensitivity analysis

were changed

Based on Fig. 3, the graphical results of a
sensitivity analysis by changing the weight values of
criteria showed that the overall rankings of airline
alternatives are the same across all scenarios,
as same as the graphical results of a sensitivity
analysis by changing the weight values of experts
in Fig. 4, the overall rankings of airline alternatives
of all scenarios have similar patterns in the two

aggregation methods: AlJ and AlP.

Conclusions

Based on the AHP results (Table 4), from
the freight manager’s point of view, the most

important criterion is “price” followed by “reliability”
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T 1 .
Scenario

S9(1:2:1:2)
S10(1:1:2:2)
S11(2:2:2:1)
S12(2:2:1:2)
S13(2:1:2:2)
S14(1:2:2:2)

of ranking results when the weights of (importance) ratio of four experts

with the overall weights of 0.424 and 0.167,
respectively. The most important sub-criterion is
“variety rate” followed by “low price” with the
overall weights of 0.162 and 0.110, respectively,
while the best airline is the X Airline with the
overall weight of 0.464.

For the price criterion, not only the low
price, but also the variety rate and volume incentive
are considered as the most important sub criteria
respectively. For the reliability criterion: shipping
goods safely is very important, followed by shipping

goods with quick and proper action if any irregulation.

For the price criterion, not only the low

price, but also the variety rate and volume incentive




are considered as the most important sub criteria
respectively. For the reliability criterion: shipping
goods safely is very important, followed by
shipping goods with quick and proper action if

any irregulation.

According to Table 5, the sensitivity analysis
results by exchanging the weights of two criteria,
the rankings of all scenarios have quite similar
patterns as same as shown in Fig. 3, and the
results by changing the weights of importance of
four experts (Table 6), the rankings of all scenarios
also have quite similar patterns (both AlJ and
AIP) as shown in Fig. 4. It can be concluded that

there is the robustness of the ranking results.

<

Therefore, the AHP model is suitable to apply to
the Bollore Logistics (Thailand) Co., Ltd. for the

selection of freight airlines.

The results obtained from this research
are practical in the current situation since the
application of AHP to select the best cargo airline
was based on literature reviews and inquiring of
company experts, or even conducting sensitivity
analysis. In case there are more alternative airlines
or the selection criteria have been changed, the
company can adapt the AHP model (Fig. 2) to
calculate the new solution in order to comply

with the changing situation/environment.

&
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