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ABSTRACT

This work aims to develop an apparatus for measuring the thermal conductivity
of bulk materials based on the steady-state method, employing a thermoelectric module (TEM).
The cost-effective and easily accessible TEMs were utilized as the heating source, cooling source,
and heat flux meter. The TEM was used to generate heating and cooling on the basis of the Peltier
effect, which involves the conversion of electricity into thermal energy. On the contrary, the Seebeck
effect, based on the direct conversion of thermal energy into electricity, was employed as the principle
for creating a heat flux meter. To generate heating or cooling, four TEMs, each with dimensions
of 4.0 x 4.0 cm?, were connected in a parallel circuit to form the heating and cooling sets. Each set
was in direct contact with a copper heat exchanger plate, creating a sandwich model with an 8.0 x
8.0 cm” sample material placed in the middle. A TEM was embedded in the copper plate near
the heating set to measure the heat passing through the sample surface. To validate the accuracy
of this apparatus, the thermal conductivity value of a polystyrene foam, which was tested
according to ASTM C518, was compared with the value obtained by using an apparatus developed
in this work. The results indicated that this apparatus achieved high accuracy, with an average error
of 0.87%.
Keywords: Thermal Conductivity, Thermoelectric Effect, Peltier Effect, Seebeck Effect, Thermoelectric
Module
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Tun1smiAnsiianuseulagodenannisinnuuaniitzasiiiuausamlanuisuinsgiu

ad A& aad

L0Le@#Lo% (American society for testing and materials %58 ASTM) 7Afleulddl 2 35 Ao 359 1 F5mu
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1M1 ASTM C117 #38138n91 35 Guard Hot Plate (GHP) diulsznaunanvesisn1sil Ae yavinaiuseu

wazyavinAEuTIYsENUBLMMUULLaLAUATBHLTAN IR BINTMIAdEY ANd1dU gaviAuiou

q
a

Duurulanedl 2 dau fo wiuvhauiou (Heat plate) wazunulesiu (Guard plate) nsunurinausou

o—

awaginans waviuiudesiusglaeseumihilesiulilinuseudiemeenduine F38nstanse

o v &

Fondndnrmdou (Heat flux) Aangleuludsianldlnenss (Absolute method) 3slsidesfinsasuiiioy
finrsvesgamglinmainnirieglutng -160 °C - 650 °C nitInlsdinnugniesgs usideide Ao Wnansaun
dosndesselviuiwinanufeusasuiulestuligamafivintu uasdedliusutagiidesnimeany 2 u
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Shsmsavaeveniudunums inndndanufoudidneloushuusiuanmaaey agndlsfinumnisiemudeu
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BansTauvy HAM Tagld TEM Wuundsiude eanafounazanuidu uazliiadosinnsaemaniuiou
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o
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TnwandensnmsTauuuanmeasifithiomdnnsnesds GHP way HAM snsaudhdnedu uenanifughien
TEM fifiagnuasmieldieuuszgndld Tneth TEMs wsgnouifugarhenuiousazaevinanubu
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AaLEASlUNING 2
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R? = 0.9655 R? = 0.8344
60 8
7.5 8 8.5 9 9.5 10 4 5 6 7 8 9 10 11
AnuAaAng v (v) AuaAngleh (V)
] a v v 1 a 14 <
LLNULYINIUNATUIDUY LN ULYINUNATULE U

= v o ¢ i o 9 a ' a
MW 2 neuduTusTERIIRUAAn gl iugamve sk dn

A nd 2 wansliiiiuin mndesnisin TEM snliduundsindaeudounazuvasinie
Ay ansanuasldlngfvundiausnsdndlwinfitouliiuusu TEM suaun1si (1) uazaunis
7l (2) muddiy
T =6.048V + 17.649 (1)

1GH] T =-0.5041V + 14.565 2)

dwsunsih TEM wduiriandndanudou averfomsdsundsnuninuseudundsanulaih
paUsINgMIaiTiuA (Seebeck effect) nanife ipusuwiiniaesldsuanngdfiunndiety axdnsdiow
wdsuaudeunnuinaiigumgigsludinaifoungisind dufedinsduveseynialiuoy
(Phonon) waznisipdeudivaslea (Hole) wazdidnaseudasy slilendsrulniiiesnyn wavaiunse
Sornanusnadndliiissninedaliiiveass (wsssuliitwnoen) 16 Tnsanuduiudseninsauuansng
%aﬁqmwﬂ“ﬁiaﬁ’jwLLﬂULﬁiﬂﬁﬂﬂgﬂaaﬂLLN'u Fummusadngliih asnsaesunelddneaunish (3) (RDIFSNRU,
2019 ; Seetawan, 2015)

V=0oAT (3)
dle v Ao mwsnedndlali (v)

o e dusyavisaiun (Seebeck coefficient) (V/K)

war AT Ae anuwsnsnsvesgamall (K)
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2. nansMAduUsEANSRIuAvas TEM
msmAndulsavEauATes TEM fitalfidusa iandndanudouiu smannyagunsaififngs
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ABSTRACT

This research aimed to produce charcoal lumps from nipa palm fruit wastes for use within
households and developed into odor absorbed products. The whole and half cut-nipa palm fruits
were burned in an artificial charcoal kiln. The weight of nipa palm fruit charcoal after burning
was lost by 50-60%, glossy surface, and perfect shape. Then, these charcoal lumps were investigated
the chemical properties and heat values. It was found that the heat value of charcoal lumps
was 5,883 calories/gram, fixed carbon content was 60.40%, and ash content was 18.37%.
After that, the nipa palm fruit charcoal lumps were developed into 2 types of odor absorbed
charcoal products. The whole-nipa palm fruit charcoal lumps were packed in the net bag as an odor
absorbed charcoal bag. The half-cut nipa palm fruit charcoal lumps were ground and molded
to an odor absorbed charcoal briquette by using tapioca starch as a binding agent. Both odor
absorbed charcoal products were estimated for satisfaction by 30 volunteers. The results showed
that the volunteers were satisfied with the appearance of both products at the highest level
but satisfied with the durability of both products was the lowest level because easily broke out
of charcoal products. This research shows that the nipa palm fruit wastes have the potential
to be produced into charcoal lumps for use as fuel within households and as odor absorbed
products.

Keywords: Development, Product, Charcoal, Odor absorber, Nipa palm fruit
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ABSTRACT

Knee pain is the most common problem in runners. The core muscular strength
is a related factor. This research aimed to compare the strength of lower back muscles, hip muscles
in the group of recreational runners with and without knee pain. The research was conducted
on the basis of retrospective descriptive study. The research participants included 44 runners aged
18-35 years, divided into 22 runners without knee pain and 22 runners with knee pain. Maximum
isometric voluntary contraction of back extensor, trunk lateral flexor, hip extensor and hip abductor,
classified into dominant side and non-dominant side were measured using a hand-held dynamometer
for three times. The value of the maximum contraction was recorded. The mean, standard deviation,
and data comparison were determined using the Independent T-test, with statistical significance set
at 0.05 level. The study results indicated that the mean maximum isometric voluntary contraction
of trunk lateral flexor, both dominant side and non-dominant side were statistically significantly
different between groups, while the strength of back extensor, hip extensor, and hip abductor were
not statistically significantly different between groups. The study results showed that the strength
of trunk lateral flexor muscles seem to be another factor of knee pain in recreational runners.
The information can be used in an exercise program for preventing or restoring knee pain in recreational
runners accordingly.

Keywords: Recreational Runners, Knee Pain, Lower Back Muscle Strength, Hip Muscle Strength
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nseenfdimendudsiisniudmivayudnnay uasiinatieaneudsandulsalifnoEoss
(NCDs) ﬁaiiﬂﬁlﬁmnﬂwqaﬂﬁmmﬂﬁ% (Na Phatthalung et al., 2017) msadunidlunisesnidanie
ﬁlﬁﬁ"ummﬁamaEJNmﬂu,axé’mﬂé’ﬁaaﬂﬁﬂé“amaé'wmﬁﬂLﬁmﬁuashwialﬁm msnduniseandsne
Weriuanueanuvessruunisinaieulafinuasnismela (Cardiorespiratory endurance exercise) Sty
vikiluanssaniwmsnefiddguazsidumasiugunm (American college of sports medicine, 2018)
nsuaduanansaintuldlaeenzegreddutndeadasidy dulngdunsuinduressyuundie
uaznszgn (Musculoskeletal system) dufitfinnisuindunuuinasigaian Inefianuynievas 24.30
sosaUIADUDIAUUANE Soray 15.90 wazdowniuvil Soay 15.00 mua1su (Dempster et al., 2021)
nsunduiivnaiuansaudsléidu 5 dsvan Wun ernistinmisumi (Patellofemoral pain
syndrome; runner’s knee) a1n13uaaiguuen (Iliotibial and syndrome; ITB syndrome) Lgus[,équmzﬁjﬂ
dntau (Patellar tendinitis; jumper’s Knee) m'ﬁmmL%Uﬁumauiaamz@ﬂiumh (Meniscus Injury) Wag
uinlFgnagthdniay (Knee bursitis) Tagernisuanndumdnduiigmnisuinduiiifntungs
mmﬁqm (Ferber & Macdonard, 2014) mLmﬁﬁ’ﬂﬁtﬁmmﬁmmL?juiuﬁﬂfmmqlélﬂu dnuarueinsia
PIUUANTINAF1@AT (Biomechanical gait pattern) auudustwondnuiie (Muscular strength)

wILATIET19Y89319718 (Anatomical alignment) wagANUEangUYatilaiLEe (Tissue flexibility) (Ferber &
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Macdonard, 2018) msfnwndstlasedidmansoinisianmsuniluinimuihivanateasefiietes
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Kapri E et al,, 2021)
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Hnuduiusiunsiineinisuanmeuii (Bolgla et al., 2008; Briani et al., 2019; Chaudhari et al., 2020)
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mdeillunmsfneifisnssaun (Descriptive research) kuunsAnwdounas (Retrospective
study) TnevinsAnwussmasigan (Maximum isometric voluntary contraction) vaandaiiieimBeavi
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UlanuniseylifainaAnenssuns93esssunIdelunyed InInendesuignszuas (No. 003/65) uas
nsiivdeyaiinuginenmansnisivn painsalumineide

Y oy
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nauaz 22 au MuuprwInnguiegalaglusun i wInuInfeg 19815930 G*power Version 3.1.9.7
s¥AUANUITEEAYINAY 0.05 §1UVBINITNAFDUYINAU 0.80 AUUINBNBWAYINAY 0.78 Tags1sdean
NN1SANYINALAEIY8Y Briani et al. (2019)
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al, 2017) ¥neglunguilonnisuinnn

nmaiunusndeya Hsussmadynueimatesdinunuidelasanssmadyyiunesilal
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foyadmiudiaminlunsidvesanden Fnafudoys sufnnudesiienaifindy nisundadoya
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naudegwuaiu 2 nqufie nulifiennistiaiwaznguiiennisiiagy S1uunguas 22 Au
naulifiornsuianfiongiadie 34.10 + 1.49 U wawiediuau 18 au Aadu 81.82% uaziwaAngednuau
4 au Andu 18.18% fdwguade 167.90 + 7.06 wufiuns dmidnede 66.60 + 13.13 Alansu dwngu
fiomstmaniiongwde 34.00 + 1.91 U wevnednuau 17 au Andu 77.27% wasinandsdiuou 5 au
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e nawlitionsuan nguiianisUInin
dayanugiu . \
(@MU 22 AL) (31U 22 AY)
91y (V) 34.10 + 1.49 34.00 + 1.91
el (Aw)
w18 18 (81.82%) 17 (77.27%)
N 4(18.18%) 5(22.73%)

dugs (wuRns)
Uwiin (Alandu)

167.90 + 7.04
66.60 + 13.13

168.80 + 6.38
67.80 £ 6.71

HANINAADULSIMARIgNEAvaINauilonaduasuarndulloaginnlungulaifionnisiai

waziiennisUinianuatdauazliodaiinededinisnen 3 WewSeuiieunnnuuanaesenInengy

WU AnadeusmeimaanveinduilieiBedmsuatawaziuliadn dauuanssiuseninnay

LiflonsvndiwagnguiionnstiaiegnlitudAynieatia (p<0.05) Inengulifionnisuiniiaagey

wsamAiageanandnguilonn surn denvuindvsnaniuatn wiriu 0.95 uazduldatdawiiiu 1.00

TuvaelinuanuuwanasiuegnditedAgynatfssninnguuasnduilowsunnas nduilewsunaginn

warnanuilanisaslnnyasnuadnwasauliadn fen1ni 2

M13°99 3 ARdBsImAGIgeanvasnanuLilendsdiuaavnaulloaglnniSeuisungulaiionnis

Uiauaznguiennisiamn
n&aiile usmniagegn (Rlansu) t  Pvalue d
ngulaidionnisuann  ngudiannisuanin

ﬂﬁwmﬁam%wé’a 1272 + 2.78 1295+ 1.73 -0.21 0.83
néuniledeadnin

AUan 14.89 + 3.71 11.36 + 3.13 2.24 0.04* 0.95

suliiniie 14.18 + 3.15 11.03 + 3.10 2.24 0.04* 1.00
néwnilewBemarinn

suatin 14.11 + 3.32 12.74 + 3.47 0.90 0.38

suliinin 14.06 + 3.49 13.18 + 4.10 0.53 0.60
néunifensaring

AUOR 11.72 + 3.10 10.21 £ 1.89 1.23 0.23

suliiniie 12.03 + 3,51 10.65 + 2.62 0.96 0.35

* SEUINAUIANLLANANTUDEN

PRy}

Ardedfynieadia (p < 0.05)
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ABSTRACT

In this study, white fingerroot, turmeric, and green chiretta were dried using a solar dryer,
reducing their moisture contents to 9.72, 10.14, and 9.83% on the wet basis (wb), respectively.
The HPLC technique was used to examine the active components. The flavonoids, which include
Pinostrobin 66.57 mg/g and Panduratin A 3.04 mg/g, are the active component of dried white fingerroot.
Fresh and dried turmeric were found to have 6.78 mg/g and 48.23 mg/g of curcumin, respectively.
The dried green chiretta leaf and stem powder contained 34.94 mg/g of andrographolide. In addition,
the Thai Community Product Standard of 480/2547 indicated that the total microorganism was fewer
than 1x10° colonies/gram. Finally, the powdered dry herb was placed into capsules for easy application.

Keywords: COVID-19, Solar dryer, Fingerroot, Turmeric, Andrographis, Curcumin

Introduction

This project was inspired by an academic initiative to increase the value of community
products and combat the COVID-19 outbreak in local areas, by the national strategy for social equality.
The Chai Badan district in Lopburi province, Thailand, falls under the responsibility of Phranakhon
Rajabhat University and is renowned for its agricultural produce, including fingerroot, turmeric,
and green chiretta. The project aimed to explore and enhance the processing of these herbs,
while preserving their traditional medicinal properties. White fingerroot, for example, is widely

recognized as an important herb, with anti-COVID-19 effects attributed to two key substances -
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Panduratin A and Pinostrobin - found in its extract. Panduratin A and Pinostrobin can help prevent
infection with the COVID-19 virus (Kanjanasirirat et al., 2020). Turmeric, on the other hand,
is a beloved Thai herb known for its rich colors and aroma, as well as its medicinal properties.
It contains curcuminoids and has been designated as a “Miraculous herb” by the Government
Pharmaceutical Organization and included in the National List of Essential Medicines. Turmeric
is classified in Thai herbal medicine formula that has properties to prevent and treat various
diseases. The herb has recently been in the spotlight for its potential to treat COVID-19 (Chabot &
Huntwork, 2021). Similarly, green chiretta has drawn attention for its potential to combat COVID-19,
with the National Drug System Development Board’s recent announcement that it can be used
to relieve cold symptoms and treat the virus. Scientists are currently exploring the mechanisms
behind andrographolide and its derivatives, which have shown promise in inhibiting the multiplication
of the COVID-19 virus in vitro. Through an integration of various sciences, including biochemistry,
molecular biology, pharmacology, and toxicology, these herbs hold great potential in the fight against
COVID-19 (Akaji et al., 2022; Benjaponpithak et al., 2021).

In Southeast Asian countries like Thailand, solar drying is a popular way to preserve fruits
and vegetables in rural areas. It is considered an environmentally friendly and renewable technology
(Janjai, 2012; Usub et al., 2008; Wang et al., 2014). The dryer has a parabolic curved roof that allows
sunlight to enter through the polycarbonate sheet. Using polycarbonate sheets as a transparent
material to cover the dryer has many benefits. While solar radiation can penetrate the sheet, a small
amount of infrared radiation is emitted, allowing everything inside the dryer to dry evenly. The sheets
are connected using a device that prevents air and water leakage, and there is also a coating
that protects against ultraviolet radiation.

This work aimed to study the drying of fingerroot, turmeric, and green chiretta by an area
of 1x2 m”of parabolic cover-shaped solar dryer. The dried herb powder was analyzed for characteristics,
active ingredients, and total microorganisms to value-added fingerroot, turmeric, and green chiretta

in another way.

Methods
1. Materials
White fingerroot (Boesenbergia rotunda), turmeric (Curcuma longa L.), and green chiretta
(Andrographis paniculata), as shown in Figure 1, were obtained from the Community Enterprise
of Chai Badan district, Lopburi province, Thailand. Green chiretta was used during the unfolding
stage, the leaves are large, and light green, becoming dark green. While white fingerroot and turmeric

were used in the form of mature tubers.
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Figure 1 Shows fingerroot; (a), turmeric; (b), and green chiretta; ()

2. Solar dryer System

The drying process was conducted between March 1, 2022 and March 4, 2022,
at Phranakhon Rajabhat University, Thailand at latitude 13.8760° N and longitude 100.5910° E.
White fingerroot, turmeric, and green chiretta were washed, trimmed, and spread in a tray.
Figure 2 shows the solar dryer with a drying area of 1x2 m”. In this research, a Kipp & Zonen pyranometer
model CMP11 was used to measure solar radiation. K-type thermocouples were placed in the middle
of the dryer at positions 1 m from the front wall and were used to measure an electric potential
difference that converted to temperature and a Yokogawa data logger model DC100 was used

to record data in this study. The collected data was further analyzed.

Figure 2 The parabola dome solar dryer

3. Moisture content measurement
Moisture content measurements were conducted using the oven drying method
according to AOAC (2000). About 3 ¢ of the sample was taken and dried in the hot air oven (BINDER,
FD, Germany) at 105°C for 3 hours. The drying sample was cooled in a desiccator until constant
weight and was weighed periodically at 2-hour intervals using an electronic digital balance (Tanita,
KD-200, Thailand). Finally, the moisture content of the product was determined. Drying continued
for subsequent days until a constant moisture content of about 10% (wb) was achieved. The Thai

Herbal Pharmacopoeia specifies that the moisture content of whole medicinal plants without essential
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oils and herbal plants containing essential oils must not exceed 10% w/w and the moisture content
corresponded to that of high-quality dried products.
4. Color measurement
The color of both the fresh products and dried products was also measured to compare
by a colorimeter (Minolta, model CR-300) in CIE chromaticity coordinates L*, a*, and b*, where L*
describes lightness, a* describes intensity in the red-green axis, and b* describes intensity
in the yellow-blue axis (Maisont et al., 2022).
5. Chemical compound measurement
The chemical compounds of the sample were determined by the High-performance
liquid chromatography (HPLC) technique and were analyzed by Central Laboratory (Thailand)
Co., Ltd. (2022).
6. Statistical analysis
The results were expressed in the calculated means and standard deviations.
Statistical analysis was performed using SPSS software (SPSS Statistics 19.0). Data were analyzed
by analysis of variance with a one-way ANOVA and Duncan’s test was used to determine

the difference mean between treatments at the 5% significance level.

Results and Discussions
1. Experimental results

Agricultural products including fingerroot, turmeric, and green chiretta were dried
by the parabola dome solar dryer. In general, solar dryers utilize both direct and diffused radiation
which is called global radiation. Therefore, in evaluating the performance of the dryer, the global
radiation will be measured using a pyranometer with a broad spectrum of response to the solar
spectrum. Incident solar radiation on the solar collector of the dryer or on the products to be dried
is an important parameter for evaluating the performance of solar drying. Figure 3 shows the variations
in solar radiation between March 1, 2022, and March 4, 2022.

Since the beginning of March is the summer season in Thailand, there is a relatively high
amount of sunlight throughout the day. The solar radiation intensity measured during this experiment
was approximately 200 W/m? in the morning and increased to about 800 W/m?” at noon time,
then gradually decreased until the evening. This result corresponds to the air temperature inside

the dryer as shown in Figure 4.
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Figure 3 Variation of daily solar radiation

The roof is made of steel pipes that are curved into a parabolic shape. The angle
of incidence of the rays on the roof facilitates the transmission of solar radiation throughout
the day. There are two layers of galvanized metal floors between the layers with insulation. The top
is covered with a polycarbonate sheet. One side has an air inlet. On the other side, there is a fan
that uses solar cell power to ventilate the air out. Inside, there are two trays for placing products
that need to be dried. The dryers can be moved due to the presence of wheels on the pole.
It can be positioned in different directions as needed. Measuring temperature requires an instrument
known as many types as possible of thermometers. The type commonly used in solar radiation
drying applications is thermocouples because it can measure the temperature of the air at various
points within the dryer conveniently. A thermocouple consists of two junctions of metal wires,
one junction connecting the pyranometer and another junction connecting the object to measure
the temperature. There will be an electric potential difference between the two junctions.
This potential difference can be converted to temperature. The data obtained from the pyranometer,
and thermocouples is an electrical signal which will be recorded by a data logger and can be

transferred to a computer for analysis conveniently.
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Figure 4 The air temperature in the solar dryer and ambient air

The measurement results in Figure 4 show that the daily ambient air temperature
is about 30 to 35 °C throughout the day. The air temperature inside the dryer is slightly higher than
the ambient air temperature in the morning then it will increase to a maximum of about 55°C during
mid of the day, and then gradually decline until the evening the air temperature inside the dryer
is again close to the ambient air temperature outside. However, on March 3, 2022, it still rains
from 11:00 AM to 1:00 PM, causing the air temperature inside the solar dryer drop below
what it should be. Furthermore, it was also found that when high-intensity radiation, the temperature
inside the dryer is very high and then the fan will spin faster as well. Making it possible to ventilate
hot air. On the other hand, when the solar radiation intensity is low, the temperature inside
the dryer is low and the fan speed is slow. So, the temperature of the air inside the solar dryer
does not decrease too rapidly. The dryer has an exhaust fan that spins with electrical energy
from solar panels is a mechanism for controlling the temperature inside the dryer by a natural
process. Accordingly, the solar dryer has sufficient potential to dry fingerroot, turmeric, green chiretta,
or other agricultural products.

Fingerroot had an initial moisture content of approximately 87% (wb), upon completion
the moisture content was reduced to 9.7% (wb). And turmeric had an initial moisture content
of about 89% (wb), upon completion of drying the moisture content decreased to 9.4% (wb).
Fingerroot and turmeric were dried in the solar dryer on March 1-2, 2022. Green chiretta was then dried

in the solar dryer on March 3-4, 2022, with an initial moisture content of about 75% (wb). The drying
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occurred during the falling rate period in which there was a steep fall in moisture content during
the initial drying stages before slowing in later stages (Maisont et al., 2022). The moisture content
was reduced to 9.8 % (wb) upon completion. It takes only two days to dry the product with the solar
dryer is very satisfying. In addition, farmers do not have to worry about rain or insects interfering
with the product which will cause damage to the product, resulting in health problems as well.
Drying with a solar dryer still has more advantages than natural drying (Ciplien€ et al., 2015; Condori
et al,, 2017; Garcia-Valladares et al., 2020; Usub et al., 2008).
2. Qualities of the dehydrated product

Table 1 shows the moisture contents of dried fingerroot, turmeric, and green chiretta
were 9.72, 10.14, and 9.83% (whb), respectively Because the polycarbonate sheet is used as a cover
material on top of the solar dryer has UV protection properties that keep the color of dried agricultural

products slightly different from the fresh products as shown in Figure 5.

Table 1 Moisture content and color values of fresh and dried fingerroot, turmeric, and green chiretta®

Moisture Color
Plants
content (%) L* a* b*

Fresh 87.00 £+ 0.57  42.60 + 0.88 8.94 + 0.29 21.52 £+ 0.25
Fingerroot

Dried 9.72 + 0.06 61.73 + 0.21 9.91 + 0.38 29.48 +0.18

Fresh 89.04 + 0.77  45.68 + 0.35 10.04 + 0.38 25.76 + 0.44
Turmeric

Dried 9.44 + 0.11 47.98 + 0.34 19.93 + 0.19 34.45 + 0.32

Fresh 75.15 + 0.57 33.62 + 0.98 -7.81 + 0.38 14.09+ 0.86
Green chiretta

Dried 9.83 + 0.14 45.65 + 091 1.67 £ 0.28 20.26 +0.26

*The mean value + standard deviation of three replicates in the same column for each plant followed by different

letters are significantly different (p < 0.05).
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Figure 5 shows the characteristics of fresh, dried, and ground products;

fingerroot (row 1), turmeric (row 2), and green chiretta (row 2)

The L*, a*, and b* values of dried Fingerroot were 61.73, 9.91, and 29.48, respectively,
indicating a red undertone, thus the product was a red-brown color. While the L*, a*, and b* values
of dried turmeric and dried green chiretta were 47.98, 4.79, and 34.45, and 43.16, 1.24, and 19.06,
respectively, indicating a green undertone, the product was a green-light brown color. It was suggested
that the solar-dried treated samples became lighter than the fresh samples (Nimnuan & Nabnean,
2019).

An active compound found in Fingerroot by HPLC technique was Flavonoid. It consists
of Panduratin A and Pinostrobin (Kanjanasirirat et al., 2020). After drying, the Panduratin A
and Pinostrobin contents of dried Fingerroot were 3.04 and 6.65 mg/g, respectively. The active
compound found in turmeric was curcumin, which was 48.23 mg/g, and the active compound
found in green chiretta was andrographolide (Benjaponpithak et al.,, 2021), which was 47.52 mg/g
after drying.

In addition, the dry sample was analyzed for microorganisms. It was found that the total
microorganism was less than 1x10° colony/g, which was under the regulation of the Thai agricultural
standard 480/2547 that the total microbial requirement for dry herb is not more than 5x10° colony/s.
Finally, the dried herb powder including fingerroot, turmeric, and green chiretta was packed in capsules

of 0.2070, 0.1934, and 0.2169 g/capsule, respectively, for convenience using as shown in Figure 6.



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

49

(a) (b) ()

Figure 6 The products in capsules, fingerroot (a), turmeric (b), and green chiretta (c)

The Thai Food and Drug Administration published a list of plants suitable for use in dietary
supplements in 2017. They recommend a daily intake of no more than 50 mg of curcuminoids
and 966 mg of flavonoids from turmeric and white fingerroot extract. The Department of Thai
Traditional and Alternative Medicine also advises that one should not consume more than 180 mg
of andrographolide per day when using Andrographis paniculata products for COVID-19 treatment.
Based on the important substances found in the dried products in this study, it is suggested
that white fingerroot, turmeric, and green chiretta should not be consumed in amounts exceeding
4, 3, and 1 capsule per day, respectively. It is recommended that individuals with normal health,

children, and pregnant women avoid consumption.

Conclusions

The solar dryer has sufficient potential to dry fingerroot, turmeric, green chiretta,
or other agricultural products. Fingerroot, turmeric, and green chiretta had a final moisture content
of 9.72, 10.14, and 9.83% (wb), respectively after two days from drying. Active ingredients including
flavonoid, curcumin, and andrographolide were found in the dried products of fingerroot, turmeric,
and green chiretta, respectively. The dried products were pulverized into powder and packed
in capsules which are easy to use. The increasing value of white fingerroot, turmeric, and green
chiretta by drying in a parabolic roof-shaped solar dryer was accomplished. The information
may assist in the decision to use it as alternative medicine, and the final product’s subjective quality

can be kept and treated during the COVID-19 pandemic situation.
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ABSTRACT

This research aimed to investigate the correlation between smartphone addiction
behaviour and attention deficit hyperactivity disorder (ADHD) among the Generation Y population,
as well as explore the association between personal factors and smartphone use behaviour. The study
employed a quantitative research design and conducted a survey among Generation Y individuals
(born between 1980 and 2000) residing in Bangkok, with a sample size of 317 participants (smartphone
users). Data was collected using a questionnaire, and statistical analysis included frequency, percentage,
mean, standard deviation, and chi-squared test.

The findings showed a significant association between smartphone addiction behaviour
and ADHD at a significance level of 0.05. Moreover, factors such as age or year of birth, status,
income, duration of smartphone use, number of days of use, and smartphone activities exhibited
a significant relationship with smartphone addiction at a significance level of 0.05. Conversely,
gender, age or year of birth, status, monthly income, occupation, duration of use, and smartphone
use activities showed a significant correlation with ADHD at a significance level of 0.05.

Keywords: Smartphone Addiction, Attention Deficit Hyperactivity Disorder, Generation Y

unin

Tugatfagiulnsdmsiamsalay Whandununluiindsesfureseusuinty Banmadngh
yodlnsdwsiauinliunannvansdie ildduudldinsdmianoliufsduogiann anemufiomii
vaaaluladnisdearsililnsdnviaunialnudsnfiunumludinszdriu Feiliaanislde
pasanatusneldinunssiadsnansznudeinyssdiu 1nseauadffdnavessemalneain
Digital Thailand (2020) léinaueadifdlinudumesidalulszmealvned we. 2563 $1uu 52 duay
Ingldaurrulnsfnviaunsalny 93.39 dunuieiay wazlidnuiugldaulgleaiiifed1ulnsdn
aunselauann 719% el wa. 2562 WiuTudu 99% Fafinsliueundiadunainuasyssunmriulnadng
GO

uenaInd ddneuiaugnsmeBinnseindwenadiangfnssuglddumediie
luuszmalng Electronic Transactions Development Agency (2021) seu1 Tud w.e. 2563 ﬁ;ﬁﬁﬁ
Sumedilinluvssinalneiadefuay 11 dalua 25 wift ifinduand wa. 2562 fa 1 lus 3 widl
Tnowgrandnvesld Ao msihddumesideliiouasnsiiedoinsfinseunqy sesaun Ae fleududy

o w

foslddumesiiaiudu wazuinsae 9 Tudinuszdriunaunsasieiueeulatunniumie vugieaty

o o a1 v

NansznuaIn CoVID-19 Sadudniadondafidfgyivionszdulidauiunndoniifanssueoulall
Wty ununadunsintiueu wiefendnidssnafemulsiaulnsanglufiansisusdnde
Taonguiniueistune engszwing 20 - 39 YilmsliBumesidnmniigregi 12 $alus 26 unit Fsanng
fnmmsaudaluanslidumedidalutusssuauiuannty naullualtulALaYNa Nl TUINY

negluteSou/Sevinudunguilidumesidaniese uunnfianiu dumilanananunmsalnsunsssuin



NIENTIIVAYNIZUAT @vInenmansuazimalulad

o4 asl 1 o 3
UN 18 aUUv 2 (NTNY1AN - SUINAN 2566)

299 COVID-19 fiflmsnisUaaaufinwilivhnsdeu nsaeuwuuesulay wagiivihaudnlngiiulouns
M¥MNULUY Work from Home ¥irlsifoaudsusuuuunsdounishaudusuvesulatinniy
Usaindlnefinisdnumginssuuaskanssnunnuuinuagduavainnsidaunsaliuveasin
wazlevy wWinwnvuinginssunisldaundaliuivuzanegdodudonisnisinuiiuundy
Aan1sBeufinelulafadolv Welandmiliniety fasadanmundamay woskounarsialald
uanantuannsalivsslevilunsdumdeyaring q Wensiadulaniagsin dsdedudoaulay
Jasduedesiy uagnstseAdudang Lwhmﬂﬁwqﬁﬂiiumﬂ%mnLﬁulﬂaweimaﬂiwuiul,%naumn%u
1¥ud nansevusioguaw Ao Uinftsws onsuaniie/iaden iesnnnaasndelruu fudela fe ngevin
wazfnadofasodeasiulaslulditymiiunisin Tensfued aunddunarensuaiquiden (Kitisri
et al, 2017) TangAnssunslidumesiinriuainlnudmasonmunmnisueuilufuasBelduniy
o1hlfAnmansznusodTofuanBeiy asvioulvidiuisnsfeuuauuueifsonuiosduazilug
msiuladudlvallusunanuaziiuul ez dnintumslidedsausoulatifnnifuluaunaneidunginssu
AstEnAala (Suwancharoen et al., 2019) a’m5@‘8314@mw’%ammam%miWuhﬂ@ﬂmainjiéh Weeiseniuin
“Tsalululnide (Nomophobia)” w3e “lsainlnsdwyitietio Smartphone” (Silangam, 2018)
Tsnaunsdudulsamednnniniifiensuaaus ol uasyuiundunau nnsilsaaunsdy
Fuduiafedomilsdensfnansianin lsnausduorafianmiedosiunmaanindumesidn s
Fileinuuardednmooular ﬁaaﬁﬁﬁiiﬂam%guﬁﬂﬁqwaslaﬁuﬁﬁmﬁuﬁﬁmé”; Iasunanouwnuluriuiiviule
snnhilagdossens Fdumediin Fileiny uasdofauseulatduinfinadounawesnmegnaonian
lidndudesordoaudarmdasesdy anunegunienadou Sedandrdidudeivildentugiiiu
Tsnaun5d (Margaret et al,, 2011) uagdwmastatafonsdinmlugiiflsaausdu vilifAan1suds Dopamine
aelu Nucleus Accumbens tisdutienseduaasaiugy siliAnussgdadaunlunsaudely uay
Aunssuwardtediuanuaunsolumsmuniuazanafudasslunsuanseeniannudusimosiaes
fuduiuaiuusegdla waedmudn msvslaromnsvesngudinauddutuinglasunsivilnroims

LY '

Diindaugs Jazdmadenonisauauumiinvessanielussegenild (Phanichsir & Tuntasood, 2016)

va o a

ndaymisenanitnedy ligidedanuaulandesnisazfinwmanuduiusveangingsy
msandinaunialiunenzausdululssrnsaestune sulunsadiesdaruiinilaenadosiv
nsimumanaluladidwadeguainlutagiu swdimanisnunilaenaléifuwuamslunisudlanas

Jesunsianialvsfmmiaunsaliu lneanglunguiinneauSduegiamnsauaziivssansawaely

/s

uneaAdeiifun1s3deiBsUsina (Quantitative Research) Taglduuuaaunn (Questionnaire)
AudeyannnguinusistuneilldnsdwiamndslriulungummmunsuazUiunma Taeifisnsidodsd

1. Yszrnsuaziiege Tnefuinndadiuussansuiiinlutig we. 2523 - 2543 vie
nauaiueistuN el nsdwiaunsalnu uazorduegluwmngammamunst w.a. 2563 $11u 1,188,425 Ay

(National Statistical Office of Digital Economy and Society, 2021) uazansieuaianiviavesszimalne



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

55

971 Digital Thailand (2020) taueadiagldeudumesidalulszmelved wa. 2563 wuin fuaugldnu
Tndgadipigsulnsdniannsalniuain 71% dau Awlsmvuiaiieddlagligns Krejcie & Morgan (1970)

Tunsanuaeadl

NX?p(1 - p)
e’ (N - 1) + X*p(1 - p)

1,188,425 x 3.841 x 0.71 x (1-0.71)
[0.05% x (1,188,425 - 1)] + [3.841 x 0.71 x (1 - 0.71)]

= 316.2608
=  317AU

Ya o

aetu fITearldiegrsnnnguauestuneildnsdnviausaliulunsannuniuas

wazUSunmadusiuiuisdu 317 au lneidenfegauuulanzas (Purposive Sampling)
2. wdesiteildlunisiselundal] fio wuuaounu TneUssnaudeman 4 da dun

daufl 1 fayamsdnnsesiiagng Ussneuse 1/1Hnsdmiaunsaluiy wazdunguaiuaisduns
Tneuuvgeunuianvauziiuluunsiadousenis (Check-List)

daudl 2 foyadnuaiznsszinseans Usenouse e U e AiAn anmunw sziunsing
018 18l wagnsiduandduludietein Tnsuvuaunuiidnuasduwuunsiaaounens (Check-List)

daufl 3 noAnssunslinsdwiandeliu Useneuse szegnailunsld/Au taanalunisly
Srnufuild/danst waranssudiliifulsedluaundolny Tnsuvuaeunuiidnumeduwuunsinaoy
3189017 (Check-List)

dauil 4 wuussdiunginssumsinaunsaliuatiudy (Sas-sv) atunwlnedwaunduiae
Charoenwanit & Soonthornchaiya (2018) {unisussiliunginssulunisidfaunsainuvesdgnusaduies
(Self-rating scale) Uszneusie 10 dafay wuuuszdliunginssumsiandnaunsalny Wuluvaeuay
1ATUTEEUAT 6 S¥AU f?lzﬂl,wiﬁ]%\‘iﬁ?jﬂ (6 AziuY) audldasaay (1 Azuuw)

wnauginIshUama

1. §masuiNINNImIawinau 31 azkuulumagie Lazu1nniIm3ewiniu 33 Azwuu
TumaAngs wanslngAnssunisianfnaunsalnu

2. feaswiidesndy 31 avsuulumens uaztosndi 33 Azuulwandg Laned dngAnss
msldfaunsalvlusesasnsassa

daufl 5 uuudansedlsaannsduluglngatunmulng Adult ADHD Self-Report Scale (ASRS)
Screener V1.1 (Bussaratid et al., 2016) Usznausieg dera1y 6 U8 lneineulinzuuuluusazdedinny

< ' ! Y A 1 = 1
Wuanasaiuussanuan 5 seau fe ldime § Useann



NIENTIIVAYNIZUAT @vInenmansuazimalulad

56 = A o o L4
UN 18 aUUv 2 (NTNY1AN - SUINAN 2566)

wnagin1sulana

1. fowdedt 1 - 3 mnmeuamaluriaduuiseds fa Uesann agldazuuy 1 wnusnwile
ntdvazuudu 0

2. dwrandedl 4 - 6 mneeuarudlugises 1 Uosunn avldnziun 1 wnuenwile
ntdvezuuudu 0

3. MNALLUYSININANTWEEINAY 4 azuuy Dudeusdinenaiiennisveslsnauiiau
Tugllngy

o

£
=1

uenniidelsvhmanaaeunuidesiu (Reliability) vesuuvasuammuin mdulsans
waatl (Coefficient) wasasautin (Cronbach) luduesmginssunmsinaunsalnuatiud (SAS-SV) wihiy
0.70 LLasmazam’%gumﬂufuuﬁmﬂiaﬂiﬂam%gﬂu;ﬂwﬁgaﬂumwﬂm Adult ADHD Self-Report Scale
(ASRS) wirfiu 0.73
3. nsiusIusudeya mﬁﬂwﬁﬁaﬂ%’q‘ﬁﬁﬂmmmma’m’fa;&aﬂgugﬁ (Primary Data)
Hudeyaiildannsliuuuasvaniudeyannnausogsiiluussvsuifiongseuing 22 - 42 U wie
nguatuestuNeflFinsdnsiannsalnulungunmamuasuazUiuuma Taegadolaluduiunisifu
LUUAOUAMIE Google Forms Rausifteudnmau - waeRnieu n.e. 2564
4. msleszsideya lnsadanldlunsiinseideyataduduyana nainssunislélnsdmi
aunsmlvly ﬂxLLuuﬂizLﬁummwqaﬂﬁiumiamam%mb\luaﬁﬁy’u (SAS-SV) waznTaraLIBaLINLUUAANTaS
Tsraunsduludlvgjatuarwilne 1un dranuiuasiosas luvnsiinismasouaumiudusiusing q

P InaaeuLuUlAaLaIs (The Chi-Square Test)

HAN13NARBIALTIAT0]
1. nan1AnTeideyadiuynnavasinauwuuauay
MnmsdmInUIEdReunuuaoUNINAY 317 AU nui snnesaduivdsiiiasein
U w.A. 2538 - 2543 viseilongsendng 22 - 42 U fanunmlan n1sAnwiseaudsyaes ds1eld 20,001 -

30,000 U 813N wEnUenvy wazkipeinizaunsdulutowdn fasiuaziduanandlunnsned 1



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

A19199 1 MuukarTogazaeing 1 Iuunaudeyadiuyang

57

Yayadiuynna 317U (Aw) Souaz
LIl
- Y 143 45.11
- N 174 54.89
Y w.a. fifin
- W.A. 2523 - 2527 43 13.56
- W.A. 2528 - 2532 65 20.50
- W.A. 2533 - 2537 102 32.18
- W.A. 2538 - 2543 107 33.76
01U N
- Tan 181 57.10
- @usd 98 30.91
- weymdhe/ueniueg 38 11.99
SZAUNISANEN
- fndEyaed 59 18.61
- Yo’ 208 65.62
- gandSnaes 50 15.77
sela
- Yp8A31 10,000 UM 11 3.47
- 10,001 - 20,000 uwn 78 24.61
- 20,001 - 30,000 um 148 46.69
30,001 - 40,000 un 51 16.09
- 40,001 - 50,000 uwn 19 5.99
- 17nn31 50,000 UM 10 3.15
1IN
- UniSeu / dnAnw 22 6.94
- 91919013 / NUNUSFIAUA 22 6.94
- NUNNUUTENLENTU 188 59.31
- Usgnaugsnaduen 85 26.81
Azaundauludaeiodin
- wedusnusiin walasunissnw 15 4.73
- Wunwain waldlasunissne 24 7.57

- ey 278 87.70




NIENTIIVAYNIZUAT @vInenmansuazimalulad

58 = A o o L4
UN 18 aUUv 2 (NTNY1AN - SUINAN 2566)

o | o a a o ¢ s ' i v & o
HaN13d1599NUIN LueLstuslingfinssunisldlnsdnianisalnudruluglilnsdniiage

Tuag 4 - 5 Talus Tuis 12.01 - 18.00 W vewniukasidule@ivanniign daseazideauandlunisad 2

A13199 2 MuularIerarveINgaLelsTUY uunawszeznalunslinsdniauninliulasiade

foTu

e

ayadIuyYAAa U (AL) Jouaz

szgznat lunsidnsaniaunsalnulneniesnadu

- tounin 1 Halua 9 2.84
- 1-2 4T 33 10.41
- 2-3 4T 67 21.14
- 4 -5l 150 47.32
- wnnd 5 Falu 58 18.30

FaaarlunsigInsanigunsalnu

- 06.00 - 12.00 u. 21 6.62
- 12.01-18.00 w. 171 53.94
- 18.01 - 24.00 . 119 37.54
- 00.01 - 06.00 . 6 1.89
Sruauiuildinsdndaunsalnudoduans
- Jusssue (Tudums - Juans 3 0.95
- Funen (Tuans - Juending) 3 0.95
- i (Gudung - Juending) 230 72.56
- lifisvundiuiuou 81 25.55

Aanssunldaunsalnuduuseanludinuseaniu

- Fududeyaily 40 12.62
- aulwea 173 54.57
- Aedodeans a6 14.51

- AUNY 58 18.30




Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

59

2. wamsinsitoyafsatunginssumsawinauninliuuazdoyaiieatuanisaunsdu

n3liasIgsingAnssunisinausalvuadudu (SAS-SV) atunrulnewmuiiy
Im8 Charoenwanit & Soonthornchaiya (2018) lnauwuuUsziiulsznoume 10 19A1014 LUUNIRTIEIU
Ustanuen (Rating Scale) 6 52y daustadefian (6 azuuw) wuisliaiuas (1 azuuw) Faflinasinaulana
Ao D NaTINTIINNIMEOWINNAY 31 AzuUUlUNATIY WazNINNIMTeINAY 33 AzluulUWARQLERII
Hwginssunisianfnaunsnlnu wazdwaswididosndn 31 asuuulumeye astosndi 33 Azuwuuluiwendgs
uanedn dwginssunisldaunsnlnuegwaiaassa

dmsunmsiieneidayaanuuudansedsnausduludingatuniuilng Adult ADHD
Self-Report Scale (ASRS) Screener V1.1 (Bussaratid et al., 2016) Usznause 1aA101 6 98 LUUNINTIEIU
Uszanau (Rating Scale) 5 szdu o Ty Seosunn Jsfinawinisulana Aormawdedl 1 - 3 winaeu
arwiluthaduusedsvesinn aeldesuun 1 mnuenwdennduliiezuuwiu 0 dwdnwded 4 - 6
mnmeueaBlutasUes-Uosann agldnzuuy 1 winuenwiennduliezuuudu 0 Taefimnasiuus
wnnivdeniniu 4 azwuu iWudetdhensiionmsvedseausduludlug

NAN5d1573 WU lLuestueingAnssunsinaun felnudsosas 71 vaed wuii finme

v

AUNDFU LNE9508aY 39 AIT19aLLUALARILUAITIN 3

A15197 3 IUIULALTRUALYBIUTTYVITUNTYTENINN 22-2 T ¥3eNguialueLItuIg IWUNAINNGANTTY

nstandnaunsnlnumauuUssduatudy (SAS-SV) uaznisameaunsaulugleg) (ASRS-V1.1)

Yayadiuynna 317U (Aw) Sowaz

ASANGANTTUNSIENAAENIIALNY
- ladl 92 29.02
- 225 70.98
nsfinnazaansduluglug (ASRS-V1.1)
- ladl 193 60.88

-9 124 39.12




NIENTIIVAYNIZUAT @vInenmansuazimalulad

60 e o o o,
UN 18 aUUv 2 (NTNY1AN - SUINAN 2566)
3. NANIINAFAUANNAFIUNTIY
AUNAgIUN 1 woAnssunistandieaunsalvulianuduiusiunngaunsaululssving
ety

INAINAFDUANUFURUTIZUI NG ANTIUNITLanAnausallulianuduiusduniieg
aunddululszrnsiauelstug wuan danudunusiuegeltdAyynieadan 0.05 (p-value = 0.043)

IngagnuinUssnsaestuneninisiingAnssunisiandnaun ol avilennislsaaunsaulugive) agi

v

Sovay 42.67 vauriiaundnginssunisandnaunsalniuudlifoinislsnausauludlvy edfisiosas 57.33

U

951882 DuALAAI LRSI 4

A19197 4 MINAFBUALNATILYRINgANTINNISENARausAludiauduTusiun s auSaululsEINg

LRLUBLITUINY
A15AAIZENNTHY nsingAnssuNISIEnAnaunsaly  Chi square l
. p-value
Tug{lvgy it g . value
1aid U 64 129 193 4.102 0.043*
Sovay 69.57 57.33 60.88
BN U 28 96 124
Sovay 30.43 42.67 39.12
594 U 92 225 317
fouaz 100.00 100.00 100.00
*p<.05

auNAguil 2 dnvarvnadseansiiuandaiuiingfnssunslilnsdniaun falnuiunneeiy
NANNAABUANLAZIL WU 1) 39T e, iin Sauduiusiungfnssunmsliinsdwiaun falvu
agnafitfudfyneadn Tudesssoznafdindede Ty Panafildaunselnu uwazduuiuild 2) anuamw
femduiusiungAnssunisldnsdwiaunfalnuegreiifoddymuadn luFosssaznailiedesotu

Franandldauninliy wazdnuwiunld 3) s1eld Sanuduiusiunginssunisldlnsdnianisalnu

' = o v

pgsdidudrAgnsada TulFesszeznaifitiadeseiu Yasnaildausalvu Suuiuils uazfanssuily

S A v o

4) 9IYWUAIMUAUNUS

o

AungAnssunisitlnsdnianisalnusgrafidedAynisatsa Tusesssesiannld

'
o [

wdeso i uag Swauiuiild 5) mmgansduludistuiniianuduiusiungAnssumslinsdwiauisnlnu

o o

| Ao d' 9y & 1 v o = =i
aEJ’N;Ju&Jﬂ’]ﬂEUSLULiENSzEJBL’Ja’lﬁGL“ULaaEJG]E]’J‘L! @ﬂﬁqﬂaﬁLaﬁlmLLﬁ@\ﬂuﬁqﬁqqm 5

o



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

M1519% 5 NanadevanuAgIuveadadenaUsrnsiuinginssunisidlnsdnviaunsalnu

Hu 355N sAnans i:,‘EJZ'L’Ja']ﬁGHJJ daeaniild a‘hul'm"'a'u ﬁ’\lf’]iﬁl

OLRELE dunsalny s s

LA chi square 0.189 0.139 3.807 1.788
p-value 0.664 0.710 0.051 0.181

429U WA fin  chi square 33,590 25.868 15.099 0.932
p-value 0.000* 0.000* 0.002* 0.818

dga1UNIN chi square 35.748 15.364 6.221 4.336
p-value 0.000* 0.000* 0.045* 0.114

sEiunNSAn®Y  chi square 1.455 1.322 2311 2.150
p-value 0.483 0.516 0.315 0.341

s1¢ld chi square 26.197 26.441 48.853 15.512
p-value 0.000* 0.000* 0.000* 0.000*

1IN chi square 4.259 2.261 8.114 0.112
p-value 0.039* 0.133 0.004* 0.738

quam’%ﬁy'u chi square 4.049 0.693 0.000 0.436
Tugreedin p-value 0.044* 0.405 0.989 0.509

*p<.05

auNAguil 3 dnvausnmeUszrnsmansiasngAnssunislilnsdnviaundalriudanuduius
AunTgnsEnfnlnsAnsiaunsalny

NanAABUANLAgIL nUd JademaUszeing lun dasdiinniesny aniunn neldreidou
wazdadomanginssunmstilnsdviamdaln 16un staznanisld 9ana1msd Suauuilld uasfanssu

Al v ¢ v v 6 1 Ao o o aa A 9 = q'
‘1/]168’1‘]/]5?1‘1/\1'1/] UANUANNUTDYWNUULANAEYNIEH N 0.05 mi’laauaammmﬂumﬂw 6



62 NIENTIIVAYNIZUAT @vInenmansuazimalulad
U 18 atuf 2 (NsnIAY - SuAy 2566)

a a o % a o ¢ ¢
A19519% 6 N1INAFEUANNAFIUYEITITENINUTEYINTAIENS wasNgANTIUNITITInsAnviausaliy
Tanudusiusiunzsanfnaunsalnu

Jadensuszunsandans

chi square p-value
LA 0.387 0.534
4297 WA e 15.557 0.001*
ANTUAIN 9.638 0.008*
SEAUNISANEN 0.285 0.867
s1elanaLpou 19.890 0.000%
1IN 1.622 0.203
Amrausaulutieiodn 1.021 0.312
Uademanginssunslalnsanid chi square p-value
szevnanlumsiiiadesetu 12.594 0.000*
ranatunsidinsdniaunsmlnu 94.770 0.000*
SruuTuildaunsalnunodunv 21.421 0.000%
Aanssuililnsdmviaundnlay 24.553 0.000*
*p<.05
auNRguil 4 dnvasnmeUszrnsmaniuasngAnssunislilnsdniaundalvudannudurius
AUNMZEUNTEY

Han1snAdeUaNNAgIY wui1 Yademadseanns Toun e 9aUdavienty aaunn el

o w a

a v o o 1 Aw aa o a =
UANUANNUTDY WU UYANAYN WA 0.05 WﬂﬁqﬂagLaﬁlﬂLLamﬂiumqﬁqﬁw 7

sothou 913 wardadenisnginssunisldinsdni laun szeznainislyd wazfanssunldnsduy



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

63

M15199 7 N1snageuanufgIuvesdatenisusesinsmansuasnginssunisitinsdnviaunsaly

TAnudunusiunyaunsau

Uademeuszannsaans chi square p-value
LN 17.454 0.000*
4297 W.el. Mn 15.223 0.002*
AQTUNIN 12.980 0.002*
SEAUNSANYI 0.392 0.822
s1elpmaLfou 39.580 0.000*
1IN 6.445 0.011*
Amransaulutieioin 2.764 0.096

Uademanginssunsldinsani chi square p-value
szavnantumsidiadosetu 6.042 0.014*
Franantunsidinsdniaunsmllu 1.262 0.261
SuTuildaunsalnusoduns 1.445 0.229
Aanssuililnsdmviaundnlny 5.991 0.014*

*p<.05

MnmsAnnuImginssunsisauninlnureinduinastunenuistosay 71 famzauidu
Yoway 39 (M40 3) uarfimmdiusiuegiitoddynieada fevar 43 aenadestunsugunmin
Fnuinisiaundalnundouiivianiinaviliiinlsnausdy Fedamansenuiennufn N15I19UNY LaE
NSIANITUIMTTIN NANNRAUNAUBsENDIdIUNN (Department of Mental Health, 2019) yonanii
msanauielnuinaliifinauesoaty fennazaudussosnaunuasyiliinauesaudddanddn
ueRneliAnlsAN1aNTg Wy aduiulafings (Khotaphan, 2021) 6‘2’5@Lﬂwﬁﬂummaﬁﬁﬂﬁlﬁmmw

auoudontule (Rongmuang et al., 2021)

GELY

MnuansEnmAdTuSTemgRnssumsianialnsdniaunselnusonnyansdulusenns
Wiwaisiune wuihnquaestueiingfnssufsauninliuiviosar 71 wasiinmrausdufeiosas 39
Fuilenpaoumuduiussewihmginssunisaniinnsiwiaunsalnufunngaunsdu wuiileuduiug
fuegeiitdydAyneats ImEJQ’ﬁﬁwqaﬂiiuﬂ13Lawamauﬁmi%lu%ﬁmasﬁm%guﬁq%'asaz 43 dusulady
Adaarenginssumsianiinaunfalviy wud1 018 anmuam e1w szeznamslingdn faanailunsld
$1auiu warAanssunsTildinsdng axdsmaronisiandinauniolnuegnafiteddaymneeda vasdine o

g
anunwausa Meldsoou 017w szeznailunsld wazAanssuildinsdniazdwmasgsited Ay vneada



NIENTIIVAYNIZUAT @vInenmansuazimalulad

64 asl 1 o 3
UN 18 aUUv 2 (NTNY1AN - SUINAN 2566)

v v
[

RonTansdy Fwmansfnwilupsititedudeyalaussdndiuansliiiuininisianfalvsdniiaunsnlnu
zdanasion1siinnzandaulugdlng dady Femsiinsssanduiusise Sansldnsfninuiniiu

Auddu onvdwadusoguaimla

AnAnssuUsENA

msfnwanudiiuvesmginssuniaaninanislrutennrausdlulssmnaauesiune
di3egalumeinsylsiiunseyeseiann enanstusunmdlngas uansssy e19158fUSuineninug
Laze1913euLgR AsAnauun Aldlianudsmdelnglvimuinuuasuugimaonuudlodounnsewii 4
fiAntu dhennuolalddusgsiBmaanaunitoiiatoauysal

YOUDUNTEAM 919158N0UAY Usvhuguanily AuuAngudInINTg 2 uninerdegsiaduding
fidufaiausssunalausaostnug ATl N snyiFeuluiverdonsunmdysanns sminede
ssnatudinglunded audaqaadlulésed

vovaununsauadiliiidslauarlrnsatuayulunn q du frestemdslinsaliuayu

Tunane q Yadelunisvilinisteu nmsdnwiesstdiululamen

LONAN1989

Bussaratid, S., Atsariyasing, W., Wannarit, K., Pukrittayakami, P., Hosiri, T., Wiwatwararom, N,
& Pornnoppadol, C. (2016). Reliability and Validity Study of Adult ADHD Self-Report Scale
(ASRS) Screener v1.1 Thai Version. Journal of the Psychiatric Association of Thailand,
61(2), 145-154. (In Thai)

Charoenwanit, S., & Soonthornchaiya, R. (2018). Development of Smartphone Addiction Scale:
Thai Short Version (SAS-SV-TH). Journal of Mental Health of Thailand, 27(1), 25-36.
(In Thai)

Department of Mental Health. (2019). Attention Deficit Hyperactivity Disorder, A silent danger
for children, is not serious but has the potential to become chronic. Retrieved from
https://dmh.go.th/news-dmh/view.asp?id=29859 [2019, 5 Aug.]

Digital Thailand. (2020). Thailand digital statistics from DIGITAL THAILAND. Retrieved from https://
blog.ourgreenfish.com/digital-statistics-of-thailandfrom-digital-thailand-annual-2020 [2020,
2 Jul]

Electronic Transactions Development Agency. (2021). EDTA Reveals Internet User Behavior Survey
in Thailand. Retrieved from https://www.etda.or.th/th/newsevents/pr-news/ETDA-released-
IUB-2020.aspx [2021, 5 Jul]

Kitisri, C., Nokham, R., & Phetcharat, K. (2017). A smartphone using behavior and health status
perception of nursing Students. Community Health Development Quarterly Khon Kaen

University, 5(1): 19-34. (In Thai)



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

65

Khotaphan, S. (2021). The study in effectiveness of energy medicine in high stress level volunteers.
Phranakhon Rajabhat Research Journal (Science and Technology), 16(2): 12-17. (In Thai)

Krejcie, R. V., & Morgan, D. W. (1970). Determining sample size for research activities. Educational
and Psychological Measurement, 30(3), 607-610.

Margaret, D.W., Susan, B., Blake, AA, Kelly, S., & Heidi, S. (2011). The screens culture: Impact
on ADHD. Atten Defic Hyperact Disord, 3(4), 327-340.

National Statistical Office of Digital Economy and Society. (2021). Information Technology
and Communication in Household 2020. Retrieved from https://www.nso.go.th/sites/
2014/ DocLib13/ICT/HouseholdTechnology/2020/Pocketbooké63.pdf [2021, 5 Jul.]

Phanichsiri, K., & Tuntasood, B. (2016). Social Media Addiction and Attention Deficit and Hyperactivity
Symptoms in High School Students in Bangkok. Journal of the Psychiatric Association
of Thailand, 61(3), 191-204. (In Thai)

Rongmuang, D., Pauchpanpisan, C., Pimtara, P., & Leaungsomnapa, Y. (2021). Prevalence cognitive
impairment and ability to perform activities of daily living among the elderly in Muang
district, Chantaburi. Phranakhon Rajabhat Research Journal (Science and Technology),
16(1): 1-12. (In Thai)

Silangam, W. (2018). Dangers of Smartphone Addiciton. HCU Journal of Academic, 22(43-44), 193-
204. (In Thai)

Suwancharoen, S., Thamma-in, S., Kerdmuang, S., Pinitchan, O., & Chumchai, P. (2019). Behaviors
and Effects of Smartphone Usage among High School Students, Nonthaburi Province.

Nursing Journal of the Ministry of Public Health, 29(3), 107-117. (In Thai)




a Vv ‘
UNAUIY

HAYAIYATLATUAZAITIFUUADAMNINHENN Tl aaNFRUANINNA LA

EFFECTS OF SUCRALOSE AND CARRAGEENAN ON THE QUALITY
OF READY-TO-DRINK JELLY PRODUCTS FROM FRUIT AND GINGER

WgYANeA 99a38lns1 JuUNNIuR uade 5501 nas wag uivas Lhiega

AugIneImansuazimalulal winendevdigilaseatnsal lunssususguiug Unusnil 13180

Benjang Aschariyaphotha’, Jantakarn Ngamsuay, Suteethida Kesorn and Napatsorn Waisura
Faculty Science and Technology, Valaya Alongkorn Rajabhat University under the Royal Patronage,
Pathum Thani 13180

“E-mail: Benjang@vru.ac.th

Received: 20-06-2023
Revised: 31-10-2023

Accepted: 09-11-2023

UNANED

v
v Aao

mu’iﬁmummqﬂszmﬁtﬁaﬁnmmamaamﬁ%ﬁgmﬂaaLLazmsﬁnmum’a@zumwsuaawﬁmﬁmeﬁwa?i
wionAunwaliuazds namsiTenuineadgns A dasuuumnuveunmsszamduiageaaluyn o sy
I¢un dnwaeusang & ndu sand oduia uazauwoulagsm msﬁﬂmﬂ%mmégmﬂaammefﬂma
glAsa 4 52U wuilead gnstesas 40 fnnaeuTalvinzuuy mnuveugsgaluvngu dumsldmsduuy
4 sestulugns wuh msunufihaadegaslaauarnisanUBnaemsiuuy Ardlifeaunndetunadi
mmswenivesiiluuI ity luvaefimanuud (Hardness) fuuilianas waarldamsSuw 1.25 ndu
fnziuuAINYRUELNBUNNAIY sniusunay Jeiindnsueiisadndeudivannalduazddiase
panUsgnaumaAinuIn TuuSuim 100 a5 Ausuuaisiulawse v TUsiu wavidule e windu
31.83 + 1.6, 0.02 + 0.01, 24.87 + 0.07, 2.62 + 0.19 N¥U AUV LAZNENN 226,98 + 2.3 Alaunass
Sothnanfummaaeumssensuvesiulaanui guilaafienuveundnfusilusziuuunans Ineifesay
awaladendndausimniinisnesming amnuianeleresavifieses AnutFuUsENIY wavNER ST

ArlogunIn Sowar 77 39 37 uay 34 AUARY

Arddny: wadnseuny wald 3s gasilaa msduun



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

67

ABSTRACT

The objective of this research was to investigate the impact of sucralose and carrageenan
application on the quality of ready-to-drink jelly prepared from fruit and ginger. The results
of the experiment found that the jelly formula ‘A’ presents the highest sensory liking scores across
all evaluated attributes, including appearance, color, aroma, flavor, texture, and overall preference.
Replacing 40% of the sucrose with sucralose in the jelly formulas resulted in the highest liking scores
from the testers in all aspects. A study of the 4 levels of carrageenan found that sucralose replaced
sucrose and the reduction of carrageenan did not affect color values. The water dissociation value
tends to increase and the hardness tends to decrease. The formulation containing 1.25 ¢ of carrageenan
was observed to have the highest acceptance score except aroma value by the testers. Therefore,
ready-to-drink jelly products made from fruits and ginger were analyzed for chemical composition
and found that based on 100 g, carbohydrates, fat, protein, and fiber were 31.83 + 1.64, 0.02 + 0.01,
24.87 +0.07 and 2.62 + 0.19 g, respectively, and 226.98 + 2.3 kcal for energy. Consumer acceptance
testing found that people preferred the moderate level. The result in terms of consumers interested
in purchasing the product if it is available in the market has a good taste, appealing appearance,
and is considered healthy were 77, 39, 37 and 34%, respectively.

Keywords: Ready-to-Drink Jelly, Fruit, Ginger, Sucralose, Carrageenan
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randomized design, CRD) d1wsunisnageunistszamdudannsununaasswuvduluvionauysal
(Randomized complete block design (RCBD) ﬁmaﬁiﬁmﬂmiwmaaauﬁmiﬂsﬁﬂ'wmmLLﬂiUiauﬂuaaﬂﬁa;&a
LWUUMGRE (One-Way ANOVA) ntiuthaadesniu3eudisunuuansing ée Duncan’s new multiple

rang test (DMRT) fiszauanuliadusasay 95



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

NANISNNABIAZIANT

1. msfinwaunnvasadndoununinaliuazdunnsieiy

v v
[

NaTeIMIANMIUTINATUUz IR thdudy euffins warde 1¥ud gns A gus B uazgms C
mﬂmﬁmi’]sﬁ@mauﬁ’amqmﬁmwLLazmﬁ (miwﬁ 2) WU ‘1?13@ 3 ;jmﬁﬁh a* way b* 1uuin uandds
fidsonnannsnazindes WeneweanUarddoendundes mnnsiidndiuvemwalivasduandieiu
ildiAauaing (%) eglugas 29.00-32.55 Arduns (@*) aglurae 1.00-1.70 uagdivies (b*) aglurag
6.65-7.09 AUFinaedaiamanioraels aglutng 21.00-22.80 “Brix 1 pH aglutag 3.99-4.24 1wl
vhluasilen pH Tutag 2.8-3.5 dau pH Anzaniigalunisu3uen pH vesiead fe 3.2 Ineen pH Awanga
ﬁzi’msl,ﬁmaa&uiﬁamﬂ%u mnfinsaunifuluasyianernuegdvedaala wazthmaildlaiansunnnda 70 “Brix
(Peeraphatchara et al., 2011) @uasualU1-A15313UUL (Kappa-carageenan) Fldvaaesauisoarans
Iemluiidou wavaraeldluihdendifou (rrududuvenimasninfesay 50) Sudnwaldiudwals
wazasisansaiiAn pH wnnd 3.8 Taegldluruuvnueadussanmdesas 0.5-1.0 (Pornchaloempong
& Rattanapanone, n.d.) due1 Hardness agluyas 82.00-115.20 g. LAZATINNSUENFATBIN agflug
$ovay 11.86-12.42 TuagiuUiunmasianaliuazds dewalsian pH uazUiunmedsimuaiazansld

UYBIUARTEATUANGINSIY

M19199 2 AN IMNIINBA LA IATveLEaaNTaNALTTNa ldLasTIANN 9Ty

Uadeaninw waansounuiitnaliuazdauandneiy
gns A gns B gns C

a

L* 3255 +0.17  29.00 +0.19°  30.00 + 0.19°

a* 1.70 + 0.12° 1.26 + 0.11° 1.00 + 0.12°

b* 7.49 + 0.28° 6.65 + 0.25 6.67 + 0.26"
Vo wiaunitazangls (<Brix) 21.00 + 0.00°  22.60 + 0.55°  22.80 + 0.45°
pH 3.99 + 0.01° 4.14 + 0.01° 4.24 + 0.10°
Hardness (g) 115.20 + 1.48°  133.60 + 2.79°  82.00 + 1.58°
ﬂ’l'ﬁLLEJﬂgl”mﬁNij”] (Soway)™ 11.86 + 2.38 12.26 + 3.06 12.42 + 297

3

newe : L* el anuadng (61 = 0, 913 = 100)

a*  ynehe AuAsSedRel (+ = duRg, - = #T87)
b*  uu1ede Andensedtnbu (+ = Amdes, - = @)

o

a-c vuneds AnadgluLueuwanasegsitud Ay i (p < 0.05)

= ' = ' ' | Au o o aa
ns  weds Anadeluluiueuldunnsnsededituddgynisada (o > 0.05)
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72 A o A o
U 18 aUuv 2 (nInfAL - 5UIAL 2566)

LY

dvfunanslinseineimsgeniuneUsEanduda (n15199 3) wudl gns A dasuuunseensu
melszamdudageaiigalumumnaiu NinudnuaeUsng & ndu savd eduda uazanuveulagsiy
lnggns A Tdiunauvesinde wagdudziaiinduneniangiidnlauunnninansdu dnviadlusunaindy

AouthaNndwalvindnduelddundenisulsznu Sadadongns A lugnsmusuiiednw Tutuneudaly

M15199 3 AZLUUNISYBNSUNIUSTAMAUEALAANS UALNTHA b ThasTawnnsaiy

UJadeannn waandouRuiifinaldiuazdauansnaiu
gns A gns B gns C
anwazUsng 788+087a 685 +107b 685+ 1.13b
a 8.05 + 0.93a 6.58 + 1.03b 6.51 + 1.16b
nau 716+ 1182 635 +127b  6.16 + 6.56b
JaYIAns 7.15 + 1.23 6.82 +1.17 6.88 + 1.30
Lﬁaé’mﬁa(mmqymama)“s 7.36 + 0.90 7.03 +1.12 6.93 + 1.60
ANUYBUlAYTI 757+083% 692 +108b 690+ 1.12b

o

wewn - a-b el Audgluluineuunnasegdituddgynieedis (o < 0.05)

ns

e Anadsluluiueulivanaaegi

a o

sdedAgyn19adia (p > 0.05)

qns A

an3 B gns C
Y U

AN 1 LwadnSeununiinalduazdsanmnany
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2. MafnwamNwYRNLaANS AN TiTicnsgaT Tasaunumaglasauandiaiy

navoI AN TN sgasTaanaunuiaglasa 4 sedu ldud Yosar 0 (@nsrugu)
40 70 gz 100 MNMIMAFBUANANTAIMENINLazIAT (N519 4) wui1 nsldansgasilaanauny
‘5’1masgimmmﬂﬁmﬁ’uhidwaﬁﬂﬁﬁhﬁLLmﬂﬁhqﬁuaamﬁﬁ&lﬁﬂﬁiywwaaa (p>0.05) tilosrnihmansne
Tuduwanivsinalinn swidlderudeunasnailunmsduseudieies Fuilduiisenisfamsiue
499791 (Caramelization) Wistutios FwvhliAndthma Tnsgamndifimangaslunnfnufseanld
thenagend1 120 esnwaidea a1 pH Sewine 3-9 (Tantapanichkull, 2007; Coca et al,, 2004) 8nita
gaslaaiiauaunsatunsiinufisewaaniatessnn (Srisangwan, 2012) Sohlisnsnsiasunlasism
mﬂﬁﬁmiﬁmﬂaamLmwfwmaegimamﬂ%uﬁwaﬁﬂﬁﬂ'ﬁ pH ﬁLLmIﬁmhg_ja?Euadﬂqﬁﬁaﬁﬁmmmaa

a

(p < 0.05) é{’mi"w'%mmaﬂLL‘ﬁaﬁu’wmﬁasmalﬁammasmﬁﬁaéﬂﬁﬁgmaaaﬁ (p < 0.05) azA1 Hardness
fuultuanasegaliifidedfymeedn (p > 0.05) dusummsueniveni Sl dsd e aiideddy
y3adi (p < 0.05) Mnmsdunaiinunmsliasgaslaaaunuglasaiutuasinarilfeadinaddnuue
nsimianas SmIn1susndestiannTuuies donnaesiun1sAnwimsidansgaslad waziaiivea
wuimalueadn w1 mafuviinagerlaawssiafineadwaliian Hardness Suualiiuanas
(Supaphon & Chuengsungnoen, 2022)

dmsumsinszinstensumaUsranvduda (n5197 5) wudh Yinaansyasilaaiesas 40
fnaeudlnzuuunissensuanigaluyndu adudnuazUsing @ ndu saund iedulauazeuvoy
Tngsm Sedmdengmsiosar 40 Wugmseuaufiefnuluduneudaly aesadpstuamidodosntaiam
indosudFagUrlnnaloquamainndevieumaamninge wud LAFBRNLUURIGAS C1-50 (gasilaavauy
ihmafesas 50) Idsunsseusuneszamdudaludiud ndu sa erudunin arwddnudandu uae
mm%uimai'mqaﬁqﬂ (Aschariyaphotha et al., 2021) 91nU3¥N1ANIENTNAITITUEY (atiufl 381)
WA, 2559 304 TgReUuIMg (@Sufi 4) (The ministry of public health, 2016b) in1smuuaUTuI
gaslaageaniioyq el urumnuiiinalsidudulssnoundnwindy 400 fadnsudedlaniy Jsgns
fovay 40 THUSunagesilaa 0.093 niusedlansudulymuussmaiivue (sWavemne1ms 04.1.2.9)
uosnngmsdosay 40 SdnvunidedudaduaaeniunniAul Svhmsfnwuinmansasiu
Tuwamﬁm%‘”lu%gumauﬁ’miﬂLﬁaiﬁwamﬁmsﬁasﬂué’nwmsmarﬁu mm’]iﬂﬁ]ﬂi@ﬁ’ﬂ'?H%HLLaSLﬂuMWQJNWMigﬂu

wamﬁmeﬁﬂqmuwa?ﬂ'mm (Un.518/2547) ANviuA (The ministry of industry, 2004)
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A15197 4 wan1sfnwIRuaMnNIEALaziadiveueaanieuauliasyaslaanaunulinaglasa

wanEaiy
Uaduaounn nsldansyaslaanaunuiiniaglase (fovaz)
0 40 70 100

a

Lx "™ 3254 +£0.13 3298 +0.83 3313+0.25 33.26+0.72

a* ™ 1.71£0.12 1.695+0.10 1.64+0.15 1.76 £ 0.19

b* 752+024 790+ 378 7.87 £ 0.57 7.86 = 0.53
Uinaweaudaviaunitazatols (Brix) 20.40 £ 0557 14.20 + 0.45° 1220 + 0.45°  9.20 + 0.45°
pH 3.99 + 0.00° 399 +0.00° 4.15+0.01° 4.16 + 0.00°

119.00 + 9.06° 107.80 + 6.30° 104.80 + 3.35° 99.60 + 3.13"
10.90 + 1.69° 18.15 + 2.75° 26.11 + 2.90° 27.72 + 2.59°

Hardness (g)

nsuen@Ives (Sevay)

wewe 0 L* naneds anyadnig (@ = 0, 913 = 100)
a* i AUAaSedlen (+ = dueg, - = AWe0)
b*  ywnefe Andewtefinty (+ = Awdes, - = AhEw)
ad wneds anadsluuiueuusnsisegedifudfayn1eadd (p < 0.05)

= N 1 ' | A o o aa
ns  mneis Anedslunuiveulifianuunndaegsided UNIEaR (p > 0.05)

M19197 5 kamsAnwinsgenFumalszamdudaeadniouuiiilansgaslaanaunuinmaglasaunnsiiaiy

Uaduaaunn nsldansyaslaanaunuiiniagylase (fogaz)
0 40 70 100
anwauzUsIng™ 7.46 + 0.85 7.55 + 0.98 7.48 + 0.95 7.50 + 0.87
ans 7.43 +0.83 7.57 +0.83 7.43% +0.77 7.30 = 1.01
nau 7.38 + 0.96°° 7.48 + 0.94° 7.23 + 0.87® 7.05 + 1.16°
EYIRA 743 +0.89®° 756 +0.77°  7.18 + 0.99"™ 6.93 + 1.04°
\Hloduia (Autjuvesian) 7.28+088"  750+0.88  7.40+091°  7.08 =+ 1.01°
ANUYAULAYTIY 7.48 + 0.92%° 7.80 + 0.80° 7.48 + 0.83% 7.20 + 1.09°

= 1 A ' RN aa
VLR @ a- ¢ MUY ﬂ’]LﬂaEJIULLU’JU@ULLVWWN@EJ’N@JUEJG’]ﬂQJ]VI'NaﬂM (p<0.05)

ns

= ' a ' ' | Ao o o aa
e Aadvluwnueuliunnaseslideddemnisas (p>0.05)
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Somaz 0 Seway 40 Seway 70 Sppay 100

= a v A Ao H v
AINN 2 LﬂaaWi@@JﬂNWNﬁqi"gﬂiqiaﬁWﬂLLVluuqﬂqﬁfgIﬂiﬁLLmﬂﬂ'Nﬂu

3. M3fnwAuMNYRLEaANIaNANTNa1TANTIIUULLANANTY

=

nsAnwInuANYBILaANsuANATiansAs ILLULAnA1aTY 4 sedu leud 2 (gesiead
wienduiifiansgasilaanaunuiiagiasadosas 40) 175 15 125 uaz 1 nfu wanisvnaeunniansH
neneamkazedl (M9 6) nuhinmsldansesduuwi 4 seduiinavhliand USinamesuduasdn pH
lawsnenaiuegedidedingneedia (p > 005) MsanUSunaasAnuuiinualduyilial Hardness anas
(p < 0.05) uazAmsuendavesiuntu (p < 0.05) WewnmaIuuudnduasusznouned unanlse
fifienuansalunisguiigs Weegluguvesasazansluthasdlaseadisuuy Random coil iielay
Anuseunaniliiuasaviinnvielassadralndwes 3 7 urazarslndwesazsaudiudnunlnaiu
wazifin Function point ilevaeelifuasdnasdinmsiniedaiures Function point 1ntu viliiAnlasesns
psrenTainnuudusuaziimunsiaanniy (msmwihiuiuiwliiinnalugamgines) wafi
mmLlfﬁﬂLmqa%mmmﬁmﬁuﬁﬂﬁﬁ SoilRAansuondvesiantiosas (Rattanapanon, 2014; Tinakorn
Na Ayutthaya & Putduang, 2016; Nishinari et al, 1990; Piculell, 1995) fatuiiieldansasiunuanas
fnavhlilassemevesmaiimuudsusuayaunsiianas uasanuEnsainiutesas fimsuensh
vonfintutiues aonrdasivamifodosdnidnves miduuuiazinaglasafinzausenmnm
vongadT AU AEUT 4 YANINAADA LAlA sqmmiwmaaaﬁ 1(0.5:3.9) Gqfﬂmiwmamﬁ 2(0.6:3.8)
YANTNARRAT 3 (0.7 : 3.7) uazyAnIvIAaesil 4 (0.8 : 3.6) WUt yaviaaesil 4 Asimsliasas3uuuaniian
fiamudusonaauniign lnsauuduswosaatzanauusiudeulumuuinumsiuuuiifuiosas
(Wirivutthikorn, 2021)

dwiuransinseiniseensuneUszamduda (M5 7) wudn nnslianaIuuuyiin
1.25 ndu Ifsunssensunassamduifagaiianluiudnunesng & savi idoduia uasauveulay s
Taensldansansiauuuunnsnaiuinlienieduifauazauveulnesiiinnuuanssiuograditod e
Y3EdR (p < 0.05) MNMsFunAFmaaesnui gns 1.25 ndufidnwandeduiayy fhiwendeenin
wowune awnsalidousnvielivasngalddaududnvasiifvessadivas Jsdmdondundnfusioad

naunuanualdinazds
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a a a v A gy a | Y]
M99 6 ﬂmﬂqWWWQﬂ’]ﬂﬂ’]WLLﬁZLﬂlIGUENLﬂaa‘Wﬁall@?JV]sL%ﬁqﬁﬂ']i']ﬁ]LLuuLL(ﬂﬂfﬂq\jﬂu

Jaduanunn nsl¥ansgaslaanaunutiaaglasa (Sosaz)
2 1.75 1.5 1.25 1
a
L* 3233 +0.22 3241 +0.29 3265 +0.60 3237 +035 3260 +0.87
a* "™ 167 +0.10 180 +074 178 +011 1.75 £0.15 1.74 +0.17
b* ™ 9.76 +0.40 9.08 +036 983 +109 929 +0.13  9.60 +0.45
Vsinavesdoiemun 1520 + 045 1560 =055 1560 +0.55 1540 +055 1540 + 055
favanelé (“Brix)
pH 399 +0.00° 4.16 +0.00° 4.15 +0.00° 4.15 +0.00° 4.15 +0.00°
Hardness (g) 102.6 +6.88° 80.20 + 1.79° 59.20 +593° 44.00 +1.22° 312 +3.11°
Msuendavesh (Gosay) 20.83 + 6457 2619 +2.8° 27.90 +2.16% 3294 +323° 40.66 +4.02°

VUELIAA

L*
3*
p*
a-e

ns

P8 ANEIT (A1 = 0, ¥17 = 100)
= a & a a a a a
MNede AUAIIAYD (+ = AuAY, - = AWen

)
U AR AUIRU (+ = dwidey, - = &

N3w),

= a ' [ KA aa
AN ﬂ’]LﬂaEJIULLU’]LIBULLG]ﬂﬁ]N@EJ’NiJUEJﬁ’mQJIVI’Nﬁﬂ@ (p < 0.05),

e Anadglunuiueuliunna1wegiitudAgynsedia (p > 0.05)

9199 7 AZBUUNISERNSUNINUSEAMAUNALAANSDUALNNAITAITIIUULANFA1IAU

Uaduaaunn nsldasganlasnaunutinnaglass (Govaz)
2 (3owaz 40) 1.75 1.5 1.25 1
anwazUIIng 741+076° 736+0.78 751+083° 773073 7.48 059"
aw 735+0.63 731+065 7.40+084 756+081  7.48+0.62
ndu 725+ 075" 7.41+074° 7.31+087° 731 +£0.79° 7.63+058
AR 718+ 077" 745+074° 7.45+089° 7.85+091° 7.36=+0.82°
\oduifa (INufuweaan) 661+ 1.07° 683 +090% 690+ 102 805+104° 7.18+094°
AL ULAE T 6.78 + 0.88° 6.86+0.76° 7.06 +0.97° 818+ 094  7.30 +0.84°

wnewe : ac  wedie Aadgluluiteuunnssegdiduddnynieedia (p < 0.05)

= a ' ' | Ao o o aa
ns AU F’Y]LQaEJSLULLL!'Ju@uVL@JLLMﬂﬁ]']\iE]EJ’NJJUEJﬁ']ﬂiQVI’W\‘Iﬁﬂ@ (p > 0.05)
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2 A5y 1.75 nSu 1.5 N3y 1.25 n3u 1 n5u

AT 3 LWRANSDUANNNAITAIIIUULANAIAU

4. MIIATIERIAUTENDUMAIATIva AR Ul

Fothwansusiadniouduansaliiuazds (gas 1.25 nfw) Iineviosdusznoumaadl
wud1 TudSuna 100 nduflansemnsmisiulainse 31.83 + 1.64 nfu ladu 0.02 = 0.01n3u TUshu
24.87 + 0.07 n3u 1duly 2.62 + 0.19 n3u uazNdY 226,98 + 2.30 Alawaas’ iewSoulfisuiu
LA SenANgRINISANUIY gasnnsfUTina 1 miheuslan (140 nfw) danilvgindsnuuazanslulainse
tlouningms i Tnegmsniseniindaanu 20-60 Alawaaes eslulainsn 7-13 niu Inefidndruvesuiun
ihualiifissiosas 8-13 fthmavionun 10-14 n3u (Editorial team, 2022) Losangmsnisdniiaiusas
s Wud dowaldl dhena Tuuinatosnigasdiiamn daugnsiiimunidunansumesidUlssn
ihéudu uazufiions ovay 53.50 Yinaglasa 11.79 n3u uagihdulonnninde 3.93 nu luvus figes
nseiliduleuszana 0 fsdesndt 1 nfu

5. Anwinseensunandusivasfuslnarialy

Mnmsiwanfasioadndonsuanualsiuasds (@as 1.25 n3u) meaeun1sensuNan A
vosrjuslaa wud guslaedilnglvinguuuaiuveundnduminmsiluseauiiunas asuuuyiniu 7.76
Tneffuslnavoussduinnie dusand wosdleduda azuuuinty 8.10 way 8.01 mudy Fuslaegeu
spdutunans fie mnuveulaesiy nau @ wasdnuarUsnng dasuuuwiidy 7.83 7.70 7.73 way 7.20
pruiu IneuslaaderindnSasitusslonig (Govas 45.00) arwaulatondnsusimndnismes e
Tusiosnann (Gosay 77) daulvfliimanaiiaulatie (moulduinnd1 19e) esnsarifedes (Gevay 39)
Uh§udsenu (Fevar 37) uazkdnfusinaroguam (Gesay 34) mmaﬁau%%yawamﬁm% 3 dUAUUSA
(mouldunndt 1 9) Idun Fewndtefuussmues (Gesaz 71) Fuuseymusamiuailuaseunsa vde
diours ma (Gevay 47) uanduvoshnlvidunalomaneg (Sosax 28) dufuilnafiliaulatondntoust
(wauldunnd 198) Tawmeainsavialignuin (Fesay 19) lithudseniu (Sevas 16) wavvouruumin

Tuguuuudusnnniy (Geway 12)
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M19199 8 AzuuUNTSERNSUNGR MTveUsLaA

AAN KA Il AZLUUAIUYBULRAY
anwagUsng 7.20 £ 0.91
a 7.73 + 0.98
nau 7.70 + 1.00
AV 8.10 + 0.88
loduita 8.01 + 1.17
ANUTULAYTIN 7.83 +0.95

'3 1%

A19199 9 AzuUWTIRUARNIReNGR nTivesuLAA

nanNuallaansounuannalivazda LG

yuAnINanSueadnsaunuiiusyleviseauln

gaunn 13.00
a 45.00
Uunang 30.00
i 7.00
s 2.00
Tainsu 3.00
viwaulagendnsausimniinnsnssmiglutienan
aulade 77.00
Liavlade 23.00
nsdlauladle wnaiiauladondndue (mouldinnni 19e)
Usulsenu 37.00
JAV1RDIDY 39.00
armAIneoan1ssulTEnIu 20.00
Wundnsausiudanivg 19.00
wamﬁm%ﬁﬁﬁiaqmmw 34.00
Buq 0.00
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M15719% 9 (5i)

NaAnNMIIlEaANSauANIINNALdLAZS LG

nstlaulade awmenaulidendndue (weulduinnit 19s)

dansudsemues 71.00
thinfudssmuimiuauluaseunds iewieurs mav 47.00
Huvesrhnlvigdusaileniasing 4 28.00
thandmisdunuussgy duan 2.00
nsdlldaulate awveivildaulafordnsugt (moulduinnd 190)
TahinSudsennu 16.00
sayAlignun 19.00
Liwiumaanaemslundasioe 5.00
youvumlugULUUILINAND 12.00

G

Mnnsfnwiamnnvessadnoufuiiinaliiardaunndaty wuineadnfeuduie 4 gas
finaautAninisninsasiaduandisiunulsnarionalivazdveusazgns taegns A Jazuuu
msgeuumMeUsramdudiageftanludunndu dedudnuarusng & ndu savi eduda wararumeu
Tnosau dethindnuinuasyaslaanaumninaglasaunndneiu 4 sefu wuinisansgaslas
wntwildanaldunnsneiy (p > 0.05) usien pH ﬁLLmIﬂwhqa"ﬁu (p<0.05) wA¥AINITUENFIVDIN
fuwnliudutueuiu (o < 0.05) dumUsinaewdaimuaiiazasldanas (p < 0.05) waze Hardness
fuwalifuanas (p > 0.05) fneaeuTalviazuuunissensunisidansynsilaasosas 40 nfigelunndiy
TneUiinamsgnslasinadeasuuususanfuanmaiusgadae (p < 0.05) iefnwnsiéasasduuy
WANANaf 4 SEU wumsanUSnaE s ey liEiang, USsinamewdsismuniiazanelduas
f1 pH lalumnsinaii (p > 0.05) usdiuualiiusilsian Hardness anaa (p < 0.05) wavAMsKenfTestinunTy
(p < 0.05) fnaaeudsilyinzuuunisseniunslinaduuu 1.25 niugeiigalufudnvasisng @ savd
\Hodudia wazanuveulneyan IasUSinuaduun 1.25 nfuliaderumeuduilofiuia (Anuuvesian)
wazAnureulnET IR sMAAe UBLRE ALY (p < 0.05) Ssdaidenidundniusioadmieniuanualiuasdy
Flolinneviosduszneunaniiveswanng wuiilutinm 100 n3u fiansevnsenslulawsn 31.83  1.64 n3u
ludfu 0.02 + 0.01n%u WsFiu 24.87 + 0.07 n$u uily 2.62 + 0.19 N3y warwaany 198.56 + 2.3 Alaunas’

@

pindnduiumaaeunsteiuvesUslaanud guilardiulngveussauliunais Taglvimnuaula

.

[

andnfueininiinisiedmingluviesnainSesaz 77.00) waramsIzsavIioses U1sulsenu uae

S

'
a

dnsfuandseaunin (Fosay 39 37 uay 34 MUEIAU)

>
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AnAnssuUsznA
YaUBUANLTINERET YA laseansal Tunssususgudus Alianuewasieiiesu juRnis

= =] 6 1 o aw =3 o @ ' vy I
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pUsvasduasnsinuadsiifieisudfisudesidudnadou Suauwnudeuiiiineanun
LATOATIEIULNA VBIkAUL T Anisopteromalus calandrae (Howard), Theocolax elegans (Westwood)
wazwsuideu A. calandrae + T. elegans #onaaet1ilnady 4 1euNUNITVIAaBIRUUgNaNyYSal (CRD)
usuleu A calandrae, T. elegans wavuauideu A. calandrae + T. elegans dndyunagsaineiile
(1:1) S 5 4 Tdadlulumaumiussqudninlnedifissognueuesinansdnlng nansmaasmuin
wndeu A. calandrae fiesdudnindeunueuinemadiing srauumuleuiiiin wasdnsdruszning
wieElavinAdlogandtunuleu T. elegans wazunuleu A calandrae + T. elegans JAuWANA1TY
oghailudfnisziumnuidosiu 95% taefivesiuinsdougeaaintu 74.38 Wosidud T wuumudeu
Wi 42.60+2.82 71 uagildnsndiuseniameguazinadioningu 1:1.81 61 sesasnfounuleu T. elegans
fosifudmsidowminiu 58.62 Wesidus ddwuauumuleuindu 27.60+2.20 /1 uazilidnsnduszwing

o

wauazinendewindyu 1:1.39 & luvasfiwnudeu A calandrae + T. elegans fiwesdudnisideu

5 @

Weggawiiu 32.24 Weddud fdwiuusuleuviiiyu 18.20+1.46 61 uasildnsdiuseniunagiay

VAR VINAY 1:1.22 6

o o w =

AdnAny: N1ty dnsdme waudeu A993901lne



NIENTIIVAYNIZUAT @vInenmansuazimalulad

84 asl 1 o 3
UN 18 aUUv 2 (NTNY1AN - SUINAN 2566)

ABSTRACT

The aim of this study was to evaluate the impact of percentage parasitism, quantity
of progeny, and sex ratio on the fourth larval instar of the maize weevil in Anisopteromalus
calandrae (Howard), Theocolax elegans (Westwood), and A. calandrae + T. elegans. Complete
randomization (CRD) was used in the arrangement of the studies. Five pairs of male and female A.
calandrae, T. elegans, and A. calandrae + T. elegans (1:1) were released into glass vials containing
maize seeds and the larvae of the maize weevil.The result showed that the parasitism, the number
of progeny and sex ratio of A. calandrae were significantly higher (p<0.05) than those of T. elegans
and A. calandrae + T. elegans. A. calandrae exhibited the highest parasitism at 74.38%, 42.60+2.82
and 1:1.81, followed by T. elegans with 58.62%, 27.60+2.20 and 1:1.39, in terms of parasitism, progeny,
and sex ratio. Whereas the parasitism, progeny count, and sex ratio of A. calandrae + T. elegans
were 32.24%, 18.20+1.46, and 1:1.22, respectively.

Keywords: Parasitism, Sex ratio, Insect parasitoids, Maize weevil

unmin

UseAlnedudionnunsnssudszvnsaiulnguesussmavineninnunsnssu wu msimgdgnity
WU 113 $19lne d1vand wiadasing 1 6’2’5@mamﬁmﬁiﬁ%gﬂLﬁUl”iLﬁaU%IﬂﬂLLammsJﬁué: Yaymlunisiiuuay
Snvmananfenstvhasvesuuasdngudniug Tnsanzsnenadnlng (maize weevil) fdoingnmans
91 Sitophilus zeamais Motschulsky 4meglu Family Curculionidae dusiu Coleoptera tluuwasdng
wiswgRafidifguosudariuvddsafiunaevia wu wisdnas 9mad warihiuden lnslanzegiads
Lmﬁwﬁwﬂwma%ﬁammLﬁamaﬂgq@mmwLLazﬂ%mm (Longe, 2016) Im8‘17|“meﬁwaaﬁmqwﬁwﬂwmzmsg
fawdadnlnaudinsigas 1 wes luiidnwagnas’ v Uszanas 3-6 u wedle 167 28214l 300-400 Weg
agilnfuimuouiidnvarddudondvn ldfisend wudsddmasoudaiuegmeluwdadinlna
aonATU 4-5 Asa Tnanszana 25-30 Yu dhddnud luneuusnasdidnaudelndinduiufiufodduty
naszana 57 Ju daudufeddthma difenuszanu 3.0-3.8 Sedues w958ldina 30-0 T
FufuSeiiFinoglsuu 1-2 o (Kumar et al, 2022) fmsunsssuinegienewndunnituiiffnzdgn
F1lna aunsadvhaelaserdedafunmeluwia saudluanwlivieluanlsafvannsaienudens
Tinandndalnalata 90% Tunisiiusnwiiiunii 6 Weulaglifinslieaturida (Visarathanonth et al,
2005) 4azaINT1BUNITIBVRY Suleiman et al. (2015) wuindrssdnlnaduamsmanlunisviane
widaiusirlnalildsunnudemensnunmuasUiina llaunsmiluseetuiuadldiduemsdn s
uBNINHIINNUITE0 Sweelam et al. (2019) wuidrsnstnlnaiaenandniudndnlnalildsy
msdemne Tngnananudniusinlnnanasain 10 Alansu wde 7 Alansu meluszerian 1Y daidaos
sl 4 azdenalinandmdemeennnimuay Usinaaaudadinlng

msmuauLadngudniugdulnginuasnsinliisnmsenuaulagldansiad (Chemical control)

Wesnduismsfiieg azan uavaunsamuauLazidaLuaidnsudanuglinszezn1sasyiule
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uiegslsfinumansenufinnanniinaneyszns ey nanszvuseguaT manndndusandnuazdaandes
warfidfyuuasadanudumuseasal (Dad et al, 2022; Boyer et al,, 2013) nsmuANlagdIg
(Biological control) iiumsmunuuuasdngfindnisnivils Inensliaaddinniunudedidin Hun wasi
(Insect predators) unadtleu (Insect parasites, parasitoids) wazdelsn (Pathogen) (Nimkingrat et al.,
2022) Wweavzmslduuandowsaunudeulunsmunuuuasdagiulsaiv Inednvazddyvosunudeou
fofitrmilsvestinedweglunasendevieleas fvuouuaudouszadoinfunazaigdvlnogluuiag
adausffuteinnuegdudase uazdeanisunaterfedisadiifelunmsasyduls dwlvajdndvunadn
nuaase1Ay (Pangnakorn, 2018) {Jwﬁ’uﬁmsﬁﬂLLmuLﬁ'aummwL?ﬁymmmaﬁuﬁﬂumsmuquLLmaqﬁmg
Tulseiuiinaneia 2Mn51891UNNTI98U04 Riudavets et al. (2023) ldunudou Anisopteromalus calandrae
(Howard) wag Lariophagus distinguendus (Férster) wuiumudouns 2 ofn Tussansamlunisidn
wiasdnslulsaAuléR wiumuleu A calandrae Siussavisamilumsidauuasdnglulsaiuiiian aediuu
wdeufiineenansansmildwnumnniign dewIeuifleuiuestiuden uazuenegu wazanenu
N394 Sitthichaiyakul & Amornsak (2017) 1¥usuideu Theocolax elegans (Westwood)s(,umim‘U@m
wuadnguaniug wudweudeu T. elegans TUszansnmlumsiidalafuazaiunsaniunuuszying
wasdmgleglussiumle

v
v @ ° Ya o =2

Fatunanuddgdina1ngidedeaulaidnuinisiieuifisunanisidouvesunuideu
A. calandrae, T. elegans wazwaullouNaLsznIN A. calandrae + T. elegans $iawlaURI399 1IN
uaﬂﬁhﬂﬁé’hﬁﬂmé’mwd’suiwiwaLWﬂ{{LLamwmﬁﬂ (Sex ratio) I1uIUGNMAIU (Progeny) vosuaudeuiifin
29NUNINF19T1I NN wazAIVLILLLTEIS IuVLBUR I InefiTason s s e tuau ey
Fadunsmuaulnetiizdesianuaeafodouysd & uardundon uasndudeyaiiugiuiilug

msUsediudnenmvesnudousasiunudoundesveeiuuimalunmsmuguuiasdngudaiugaely

/s
1. MaldssnazTERugA29929E12Tng

fumegwnassdnlng (amil 1) Mnuvadaiuwdaiusinlne sunerasvals dmia
Uyl inidsseeiudiftofiusuuisndineluion foRmsiiinefigaungd 25-27 ssmwadea
TS 75-80 Wosibud neldidadvilnaaininumsnsiiunaanmssuassinusas sdsaduoms
dmsusensdmlng Tasussgwdatnlnefifidnuauranysal liunnsinuina 300 n$u aduwiauiid
PNAEUHNUAUGNAN 8 WURWAT g9 16 wuRwes YuAUTIRT 803.84 gnuiAtwuRuns ladufiuTe
yosfsndninatanadiasmadioadurauidsiuon 50 4 msusnnauasnadioraadaansdining
$198991n Azis & Kasim (2020) Tnedainga1nena (Rostrum) tnegjasazduuazagusy (nndl 2n) daumende
sz livguse (0wdl 29) adedhamunsiadenifiensiis sz 5-7 u vdsnduthd sty
vosnsnsdnlnaeenlnualafeiivnauissadendens azhldnddiuutudsuses wiadning
gndafiutevesiandninandliudiitnduimueuinivegluwén ez taueIydula

Jududutegud 1 (FL) Wiufuiendenglndifesiuiielilunsveassseld
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AW 1 faeredilng (Sitophilus zeamais Motschulsky)
fiun: Plantwiseplusknowledgebank (2023)

(n) ()

Al 2 Snwaueaad (rostrum) (n) g (1) inALdlevenlsasdilng

17';11'1: Sciencedirect.com/science (2023)

2. NMSATIURUBUAL9ITMNINALazuaubeY A. calandrae wag T. elegans wiweldlu
ASNAADY
o A < v Aa Y %) ' I o
Andenantnilnanlszeznusuvasantilnaegngluwannlilunimeaes laedung
drsnanssgulalumdatninadunaiussanm 18-20 Tu (ndsnUasesfiuieresnisesdnilng)
) ' < Y & aa [ '3 a a a
fegeay 100 wan TaluvinuiuuadnfitunadurIuaugnae 5 wuswns a9 8 wuiung wnad3unns
157 gnuiefwufiuns Uameiivuissadmeniiens dedunadnuuzvesudadineiisseznueuis 4
Yot Ilne wandilwaasiisesnvluguazunnngudntios nSeufiazihlunaaediunudewnsly
vuzfiunuleu A. calandrae wae T. elegans drsiananiudiagsanlsaiumdaiugdnilnaveansnsns
guneAaRIma Jwiauyusndl daudeuazveeiugiinduuluiesdianslaglivueuniietn
(Sitophilus oryzae Linnaeus) Avanetansduusasends unudeu A calandrae waz T. elegans
Tonanlunsimuinisiaseyulauszuna 20-25 Ju wdsaniudsduauleu A calandrae wag T. elegans

Inglunsnnasssely
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3. mMswsguiisuuszansawnisilsuvesunuiliou A. calandrae was T. elegans 6@
14 v
RUBUA9I29T12INA
uauleu A calandrae waz T. elegans Fanananuuananngldnassaneslo waulou

A.calandrae Usnuduenddn (nud 3n) luvuziiuaudou T. elegans fdunauaslaziLauningde

v
v a

(amdl 39) Tagvhnsnnaeadl

nsnaesil 1 Tumudeu A calandrae $1uam 5

msvaaesil 2 Wunwdeu T, elegans S1uan 5 A

nsnaesil 3 Tumudeu A calandrae + T. elegans oy vilnay 3

unudeuluwiaznisnaaeddadUlurauiuarunduriugudnats 8 wudiuns
39 15 wufuns melufiudadrlnafifuuoussndilnasyesd 4 91u9u 100 win vdsndulane
PurINIUIesAmIenitens Uaesliuauleu A calandrae way T. elegans \Jounuoum9enalng
YNTMAABIS UL 5 9 TNUNUNTNAABILUUENALY D! (Complete randomized design; CRD) tngineiile
wlfotorsndafiuunatdrlulugamuou (awd @) Adiussina 24 $lue wdsanduiuaudeu
oonanuInUi nnuifignuaudeurhnadeudlundivuiudensameldonmgiiviesufiins
Tlgnumnfi 25-27 psrnwaiia AnuTudinS 75-80 Wodiud WefnwinauSeuifeuesdusmadeu
(Parasitism) S1usuuauSewdifineantn (Progeny) wardnsidiumne (Sex ratio) veswnudeufifinesnin
nsdnunUeifusimaldeulneld38msues Mahal et al. (2005) Tnaumsdsdl

FuuwauLdsunn x 100

Wesdudnsidou (Geparasitism) = ————— - - —
Suusndilnafiin + Swsuueudeudin

'f—m A /

A 3 Snvaizvesnudeu (n) Anisopteromalus calandrae (¥) Theocolax elegans
iy Bugguide (2023)
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aw# 4 o3uz9la (ovipositor) esunudsu Anisopteromalus calandrae

ﬁ&l’]: Galerie du monde des insectes (2023)

4. NMSANEIAMNRUILUUYBWUBUA9919 1 InaraNsilsuvaunulsy A. calandrae
uay T. elegans
Ydndlnafidnueusi99sdInesiuau 50, 100, 150 way 200 N3 UYNSANY
nsiluvesuwnuleu A calandrae wae T. elegans laglddnsadunaguazinailoviinas 5 @ Turauedi
winideunauseniauaudeu A calandrae + T. elegans lddnsduunaguazinailevilnas 3 ¢ asly
VINUMIVIARIIVUWIAFURILAUINA 8 WURUAT g9 15 wufng YuaUsuIng 157 gnuiAtufuns
othaay 5 ¢ Udetlfuaudeuhmadounueudsndmninads 4 Wune 24 $9lus viinsvasesa 5 4
wdrntuhuudousenainmauds Uaseivnuisassadeniens dilindiiduasusaneld
gungiviesufuRinisfigmndl 25-27 esmieaidea Aududuivng 75-80 Wosidud owdbuifivudiuau
unuideu A. calandrae, T. elegans way uauleu A. calandrae + T. elegans fiflneanunanUsua
ANNAUIMUUVDINUIUAITIIT L NA
5. Myanszidoya
n5iAszviveyaly Analysis of Variance (ANOVA) LLﬂzﬁﬂ%’@gﬁﬁlﬁmnmmmamLwiaz
ANSNAFEULIIATIERALLANAIM @R RLALUT o U BUARAER 1835015 DMRT (Duncan’s new

multiple range test) fisgfuaudesiu p<0.05

NANISNARDILATINTA]
=l =) = [J s < v
1. wan1sidssudisunisiiounazanuIuaiuisvss A. calandrae waz T. elegans
nRanIsUSeuisunisisukazduusduToveanudeu A calandrae wauidou
elegans wazumullou A. calandrae + T. elegans AMNOONN1INA991T1INA WUIWAULTEU

o

T.

A. calandrae fiesduinisifeunusuinansdninade 4 anduawleu T. elegans wavunuideu
A. calandrae + T. elegans fianuuansnsiuegaitoddniiseduanudesiu 95% Taefiunudeu
A. calandrae fwWesiusinmsidounueuinnsdnilnagiaawiniu 74.38 wWesidud wazlidnuauuaudeu
A. calandrae fiflneanuidowiniu 42.60+2.82 # Tuashsadnlneiifinesnin (seadin) wiriy
6.

84+1.56 @1 d@uuaulou T. elegans fiosifunnsifounuounisesdilnaminiu 58.62 Wesdud
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wazddwauwnudeu T, elegans fiilnoanuadewindu 27.6042.20 ¢ fs1uiusissadalnaiifn
g0nu1 (500%39) WinAu 10.0240.86 61 Tusasfiunudeou A calandrae + T. elegans filasidus
mseumueusnensinlnawiiu 32,24 Wesdud uwasiisuuunudeuifinesnuadewinty 18.2041.46 i
Turaefisiuuiisndiinaiifinesnin (5eatin) Wity 19.42+1.52 § (05197 1)
NnEaNTIveuanliAuIuaudeu A calandrae wagwnuleu T. elegans TUsy@vSamanunsa
\Weumanstnlneld uidnthunulouieessdnuyinsidounueugisnedialnn nuindesdusnsideou
anas WawSsudisuiunmsldunudoudiswdadier 11nnuddeves Ode et al. (2022) a3uneiiied
wandewnaneviafidnSousiasende unmadouutavaiinazinnsunugsureduiu (Compettion) wednly
Mslvlunsasends widuaudounsliluisatendoudumudousinduarlianunsanslylésn uenani
Faiitldedu wu UssdnSanlunisdummie wazawndiduauleu wazanuansivenuiunudou
A. calandrae fiuszavisamnsifounusussnsimlnngn Wesnumudou A calandrae Swunaidn
waziiuszavsamlumsiumimdeldd nalnlunisrumesegiiusnaaevuIndaiivuwu tichoidsensilla
Tun1s3unauvieansiail (Chemoreceptor) ndaanntiuarlfioTenzandls (Ovipositor) Aifidnuazeumauny

¢

Avadlulumdmiusinlnauazndvaduszezmiouvesnansdmlng Fadunseuauuuasdngsdaiiug
Tned13aidunsliAadiFinniuauiuies (Moosavi et al, 2021) nmsfiuaudewis A. calandrae was
T. elecans \Jounuounieesdning wagliinunuwaulsuiinesnuidiuiuuin Maneerat et al. (2009)
asuneumulou 1 A calandrae was T. elegans ounuausnananlnnasausn uazengveunu ey
HaftongtosTsdiarmannsalumadeugadsdmusudansiilnngnidoudiduaded 2 vio 3 dowald
wudeuduszansnmnsifeutosas shlvsnauwmudeuiiinesnundsnoudesaguiu uenani
Zilch et al. (2017) e¥uneidadifadedu q lumsdummbeveswmudou wu rrududuveuas Trenaiuas
warAMUUILLUT LMl vzdmaransdunvbevesunudeuldsndie aenndestiuruideres Sola
et al. (2020) AlFldunudeou A calandrae PuauUsEIINTHRATIUEDN (Rhyzopertha dominica)
Tulsafudadnansludnsna 1:1, 2:1 uay 4:1 wan1seasswuiuauleu A calandrae Tusnsnau
4:1 ansansulszrnsvesendiUdenadls 99 wWesifus uenani Azam et al. (2023) Sawuin
Sesmsndnvesumudeou A calandrae inniladanasonisideunueunniuwindu Tngannsmeaes
Uaesunulou A. calandrae 10 § anwnsamdnsnsiiBen (Callosobruchus maculates) nefiiefidud
mMadeuiniy 94-98% lurnisfunudeou T elegans Shveulsufmueuluwdaiugiidnvazniouen
liudaAuly iesanezndlivovuns liudauss dudaiugidnuuzudszdmaiensfinunauazandy

vaaauiou (Sitthichaiyakul et al., 2018)
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P = ~ s & < = ° = a
A1957°19N 1 WIgUeULUBIUANTSLUYULAZITUIULAULUEU A. calandrae wag T. elegans Wﬁﬂaaﬂlﬂ

NUUBUNINIVNIING (S. zeamais)

waulau nsdeu (%) Pumauley  IIUIUA99T1INA
fiflneanuade
(% + SD) (77 + SD) (77 + SD)
A. calandrae 74.38 + 1.02 42.60 + a2.82° 11.20 + 1.48°
T. elegans 58.62 + 0.96 27.60 + 2.20° 16.60 + 2.64°
A. calandrae + T. elegans 32.24 + 0.64 18.20 +1.46° 20.40 + 1.64°

o w

wewme : snuiimdeuiuluwwinauansilifinnuuanseiuedeidod Aymeadanszaunnudedu 95% lags

Duncan’s multiple range test.

2. wansAnwImAkazansdIuwAvaIwautlou A. calandrae wag T. elegans

PNKANTANYUNALGZERTI@UNAvDILAUTIY A. calandrae waulleu T. elegans wag
usdeu A calandrae + T. elegans fifinoonunainssnsdmlng wuidnunumadiasmadoniouas
Sasndruserinanavewmulou A calandrae Sauwansnafuegaituddyiiseiuanudei 95%
TaefSwumaguazmadiondowindyu 18.80 uay 34.20 # wasddnsdnseninamadiazmeadowinty
1:1.18 #1 dauumudou T. elegans fSnnumadiazmadondeniity 14.60 way 20.40 i uagsidnsidru
sehanAgiasinellowingy 1:1.39 67 Turueiiunudeu A calandrae + T. elegans ey
wazineidlonde 10.20 uag 12.50 §1 AuEIRU gnsdumAgdamaderiniy 1:1.22 ¢ (5791 2)
PN deuvenuileu A calandrae T wnumeagiazimadlednnunnniunudeu 7. elegans
wagddnsduseniranagiumaioginitdndie orafaannginssunuveunAuMINaLe Mg
vasmauilou A calandrae Sadunaiiliinedodideumasendelimngatu Taseideves Belda
& Riudavets (2010) vhn1snaaeunauvemuausonsaunmievesunuden A calandrae Inglfiadasdlo
Y-tube olfactometer wan1snaaenUIAUTEY A calandrae aunsadumndusinueuiiensly
Tudmueuld Inglduan (antennae) WWuetizlunssuindureanie wasuniiuiidwveuiivuelg
fedamanonisifouvesunuleu A calandrae laddneme uaﬂﬁ]’mﬁmﬁmamummﬁﬂ (Hostage) §aglanana
Snsndmme 991398109 Dlamini & Amornsak (2014) wuindmueuiiduuiatefevesunudou
dlefionggnntuagiishduvoanedfumadogaiu uaslmnadoganiumadoradunsedfnuouode
fvwalngifuiiounndsfinnumnsanlunseigiulnvewngou wazimwnSelvressyuuduiugues

wantdeuwmnadeionisveeiusuazinseriugdeoly
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N1379N 2 ﬂﬁL‘UﬁEJULVIEJUﬁHU’JuLWﬂQLWFIL@JEJLL@BE]W?W’JU%WJNL‘Wﬂ%aﬂmumﬁlu A. calandrae wag

T. elegans AMNAUBUAIGIT1IING (S. zZeamais)

INUULALINTIHIU WA ey gndnA : nelie
WALAULD e (§) (C1)) (sex ratio)
LAULUEU
A. calandrae 18.80° 34.20° 1:1.81°
T. elegans 14.60° 20.40° 1:1.39°
A. calandrae + T. elegans 10.20° 12.50° 1:1.22°

o w

wewe : dsnwsimfeuduluwwinauansithifinnuuanseiuedaldedAgmeadinsedunnudesiu 95% lnes

Duncan’s multiple range test.

3. NAAIUNUILUUVBINUBUA9I9T 1 INAsan silsuvasuauleou A. calandrae uaz

T. elegans
INNIANYINATDIAUNULULVIMUD UM Inasonsilsuvesuaudeu A calandrae,
T. elegans Waz A. calandrae + T. elegans Nan15A@aoInUINUTUIAAMNRUILLUYDINUDUAIIRT 1IN
finastensideunarsuwmadouiiiinesninanuuanieiuiisssuanudesiu 95% Tnesuiuwaudeu
fiflnosnunezanandierumnuiuremusuisnedlnnunduisiinvewnudeu A calandrae,
T. elegans waz A. calandrae + T. elegans Tasuauleu A. calandrae f5mnuwaudeudifineann
MNUTUIUAMURUIUUTDIA 199299713 INAg 11U 50 100 150 way 200 sy iy 51.20 + 1.44.
40.80 + 2.66 31.40 + 2.82 Uay 22.10 + 1.22 @1 a1y dwwuauleu T, elegans Adrurunauiieu
fiflneenun Wity 30.40 + 1.82 25.20 + 1.44 19.80 + 1.82 uaz 14.40 + 2.82 ¢ auddu Tuvaued
wiwdeou A calandrae + T. elegans fisruuwaudeouiifinesnuwviifu 22.60_+ 1.82 17.80 + 1.44
14.20 + 1.82 wae 10.60 + 2.82 § AINEINU (1157 3) PINNANITVIABBINUIIAIUNUIUUTBIRIUIL
wuousndninate 4 fnadenisdeusazsuuwmudeuiiinesnuy denandestunuiteves Zilch
et al. (2017) wuhUSunuANUMUIMILYEIIUBUNBALNGU (Lasioderma serricorne) Hnananisidnideu
wazdusuduiounudou A calandrae fifineenin Imaﬁﬂ%mmmwwmLmiusuamuauuammquqn%u
fnavinlunudeou A calandrae fnsiouuazsuiuwauouanas uenainil Martins et al. (2019) aSureh
winBeufinnumngzausenisidousuasendelusnuanumnutuiivangay S1U3unaaunuwy
yeaunasofeiiduauinniiuluonadamanonisidifouuasendelneionizegn Bsvueuivinanseglu
wintuguéngnauiueguana dwmalviunudeudlundalusmususndfonn luvasiiuinamiumuy

YomuauR NI zaLIzdmaran1sileuveuauluulifuasiiussansaingsae
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A19199N 3 NSLUTHUNGUINUIULAULLEU A. calandrae uag T. e(egans PNADNUIINTIUIUAUAULUY

YDINUBUNIIIUING (S. zeamais)

AUNRUILUY , Y Y 4 .
o ﬂ')'lll‘vmﬂLLHU‘UBQ%HBUG]')NN%TJIWG]Laaﬂ (a9)
RUDUNIY
2O\ edalne (#@9)
LS 50 100 150 200
A. calandrae 51.20 + 1.44°"  40.80 + 2.66°" 31.40 + 2.82°"  22.10 + 1.22°"
T. elegans 30.40 + 1.82°% 2520 + 1.44°°  19.80 + 1.82°°  14.40 + 2.82°°

A. calandrae + T. elegans ~ 22.60 + 1.82°¢ 17.80 + 1.44°°  14.20 + 1.82°°  10.60 + 2.82°¢

e« fdnwsimiloudulunuivey Ednusfinniian) wazuwads (Fdnusfianilve) uansinldfianuuansneiy

pehaliudrAgynsaiafissaunudionu 95% agdd Duncan’s multiple range test.

G

wowdou A calandrae fusyansnmnmsilounusunisnsdnilng wazlidruiududule
wagdaTdusenihanagiuwadisganitunuleu T. elegans uazunuileu A. calandrae + T. elegans
desnuaudeu A calandrae Swgiinssumnuweumierilvuadialvauasiiiuiiionn Savune
son1ssliuazinigiulnnsuenduvie uasiiddguaudeu A calandrae Sauieshuazsinga
mMsfummdoaduldAniuauleu T. elegans wagilotorzndlifiuviannslunisfissinumdaiuginnlng
Wionsleldmniuwmudeu T, elegans Ssdsmaviliesidudnsdeu snoududuiefifinesnin wavdnsdan
sendamauazinadlsaandtunudeu 7. elegans ﬁqﬁy'umimu@mim%’ﬁ%‘tﬂuﬂﬁmuqmLLuaaﬁmgﬁ%
Tnomslddaditinansnuguiuies Saduiinamusssusiflasfinuesnsannsamsidsuaseeiug
ierindmnuliivinamn q wesidhndwmaiiogs Weluddesliunuloumuuuszsinses

I3 a

wuasdnsindednnuvaendeliiludunerouyuddniuazduindon

AnANssNUTENA

v
awv Ao & ' = a v Y

NATelidnsgaludied {Idedeveveunalsuivwdaiiu§dnlnavennunsng 6une
Aaaaadn Jaiaunusil Alianuewessiidiluifudiegauuas uazveveunuausInemansaitv

q q

v ¢ A oA a =t
ﬂ?qNaHLﬂﬁqgﬂﬂL%a‘UﬂﬁmLLaa’zLﬂﬁ@ﬁﬂ@wqﬂqmﬂqﬂqﬁmﬂuﬂﬁqu
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U AYINsina MmN 9 i lamsdunamdsnuanngision-236 ivnzdmsy
Asuaze19sdnly Ingldeduneyssimmndiuin mmudsiusinandsnumeslevalm ndsnuBawmiiade
wardu q maesssunifiulanvesiuedesivdu et lannumnevesiedesivdu ey ldidle
NSAUIUNENTLINYSHHELU-236 ‘wa-mmfmmmmﬂszmmﬂ'wwé’mumﬂgLﬁLﬁau-Z% Tnglnanig
Tumwé’mu%mﬁmmﬁwmqwﬁw—%é fupmdsnuanienadovomandnniuadesiviu Fuans

s‘Lﬁ/d ' [ =

MLMU’N‘W@\‘N’W‘U%WﬂQLiL‘LlEJlI—236 fA1Uszana 203 MeV

[ v w6

fdfy: anuduiuinandsnuveslevdlam ndsnudamienade duede vty
ABSTRACT

This academic article provides all the principles necessary to understand the calculation
of the energy in uranium-236 which are suitable for the general teachers and lecturers. The histories,
Einstein’s mass energy, average binding energy, were explained. Owing to the strange nature of nuclear
fission, one must understand the interpretations of nuclear fission before properly understanding
the calculation of the energy from uranium-236. We can now estimate the energy from uranium-236,
using the deviation between the average binding energies of the uranium-236 parent nuclide
and the fission product nuclei, which suggests that the energy of uranium-236 is about 203 MeV.

Keywords: Einstein’s mass energy relation, Average binding energy, Nuclear Fission
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unin

1T A.A. 1919 (Woolfson, 2010) $msaswasa (Rutherford) Wutininemansauusniiszay
Anudsalunisudasss lnenisBieyniadar (0L particle, gHe) NsHeY (Radium) TUfalmdea
voslulasiau (Nitrogen, 174 N) S50 5N0IANUAINATII iuimmuﬁgﬂﬁqLLE%%LiJ?ﬂlsJuLfJuawamaﬂ%wu

(Oxygen, L70) #ulusmau (Proton, %p) S5 EwNULT (Gamma radiation, Y) 801198 FeaunIs (1)

%He+1;lN—>1gO+%p+y (1

aunns (1) dededn UfAsendauades (Nuclear reaction) Tnsmsvhlsindeaunneen ienoudi
fandsavedlulanauuaniuiu evudrrudlafefuiuedeadilidend-lasilain Aeliflassifety
sdUsznouvesiunntn AiutueufedTusneuegluiandea uifdniuindesdied1dusgie mszenen
vosgsiiln (Uranium) Ailusneu 92 i usviinnilusneudis 238 wh s fmmnamnefiariiohiosloynadudn
wazaymadudsolmAntamilgniaiod fhnseu (Neutron) faddlifidefigaifeyiduneutu fossold
AW A.A. 1932 wwadn (Chadwick) IdBaiuaiaiden (Beryllium) sheaynindarh wagnuindlewedaidey
undhagloumeiifnawileulusmeuuslifivszqlwiheann sumeiifiaudaoliudrhtonsou Salhnseut
sioanléign wnss (Fermi) vhunlfifunszquunueymadan wsedamseuiuldfuseglaivhlidumald
lnandreuniedar Fewnilunsitsdaindnseussilenafiazeuiedeauasiliiuadoaunniaeen
#Fndreumasan TaBeianzeutn (Slow neutron) Fsihmsouargnananuiasiiotvienisily
(Paraffin) vi¥efiFonfuiaviiasarmds (Moderator) uagnuirdamseumaniannsnduiuiuedoaves
ozmauldinenineynatinseuifinmiuEagani

mssgadeudofinsouduuui hedwsiuussraalafefaselyafuinioglsiemadn
falallFsunsssyBoagurunaeiininermanslideinendnsinlmiduilfiosinmaszands aunseis
103 A.A. 1938 (Lemons, 2018) gwiu (Hahn) ludiues (Meitner) wazaunsssuwuy (Strassmann) TéiSu
yhmsmaneswuuieafuunsi TnsBegsdondethnseuth mndufinmaseudsing 4 Aidaannsuandves
gudon Mnuanmeassiauaudedn ddiiatuilidumnnsgiidonimanaudeisda (Transuranic)
FafhdeiliiGunsmiifiavesmeuganigiion uaslunademnsisanuau nauihdusu ladlev (rene Joliot)

wazgTnanulanTanuseinluisguildungusigusmudesia Fainannissudeesilen uisminuil

Lidusansdgisiia lunaseneiunazaunsedunulinnaununziniseasadeusuudusy ladlen

v '
o a &

4180 i iuilahaglanasgufeaiunseld wimuidwldlulnuaniiniuaiinge q fusifen aeuusn

wAdniusien wirenlinsaaeudiiiatududednnaenss aulufigafash A meandls
fuviAFouuEen (Barium) Jefllavermen 56 tuies wazniidelunanuvesiegdlifiveasde flesan
wnduinued! wiiaesdidseftarusrnanisdunudasfesdntungein q AdegluivlAndadioty fuiu
wdinduladeuanmnoialiludivesflsiasesmsrunuuuBeslunandnildannssudsgiden ludues

v
a = =~

nuiheglsiniu ezseuveseisienunwiliuauenseniluassdiuioui 9 fu seunliuiu WlgAuny

@

Snaunilefigivuuiendalueiunau (Krypton) Fefllavesney 36 WernavernouveuEeusmdnfeiy
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v
Yo A v

fulavozmenesiUnoufiazly 92 Faduavormenyimioamed luduoslindensiunuludnuaziiozmes
giilountauenooniduaesdiminfvdu (Fission, adensuisveswadfiidinesnifuassarudaizeon
Triumilout) BdluniduluduesAnidleyasuumiueneonduaosdiufiouh 1 axlindamuduoumil
fifidumaagnuanUdoseanundie uastudiuiaesfiaziuenoenainiufeauiags soufiludiues
I#$uanmneaneiuiudunamediuvaureasedensy (Frisch) li3uiFessmiluanmnevesesiuge
Tumeuusnialsiideinozmesmesyisenazutsusnsenduassaruiifeumiiuly wdueudnineviunas
AUATIBULULILADIIINTVINGRIHANAA
Tutsnaniuisludiuesuasriuldwnnstuiefiasmannginfnoglstutun Jafulude
Anundnduegienn Wludemesarudilammguiuasmaialunimeans egnlsfimuanudy
lduamududndeluud weluiiuesuarsFulédaaulaventniulus Gohn) Sadufnilsiifnyduat
Fewsssumiveserneunasluslsunisenderinduinidndfidsngeunis Taeluslduugiinismaaes
o tmmuassunemdinuiiudeseenuidlegsduauanheenduassdiu Tusalanmsdunuiiinnmeet
Tuusngmsailiuadefwdudu sulsidulumuanudiifindouas madunuresemiukayaunssduuutuil
Idamliininemanshnisduaiuaside wumdmivariaglfesdanuiindidueslsldthg
unAnuirnsihinauet ol ideyafiuguungiveansnnugaumdlafeaiundnnis
yoafundeiiiviu Bdunidusildlivadafsndulunsdunmrmdsuiivanudoseenundnde
unAnuilseonifuaudmdnde 1) UsziRanuduin 2) %ﬁﬂﬂﬂiﬁug’luﬁlﬁlEJ’J%JENfTUﬁ’JLﬂa‘EJ%

Fvtu way 3) wadansndulunisAuiuandsnuanineds sty

Uszifannuduan

550 Urounsaddnsiy (Tiner, 2021) wanndnlusianduminusn Anarieuiuin aansdu
dhuusznouvesezmay (Atom) Buann Alua3na (Democritus) nanliin difaaansiiaansoaniduiu «
uazsinasiidutudnadludes q lufianasléfuanfadnifuluninuuddlddn wasidontuduihozmen
Mnmwnsnegmeuulaithiaansntuddld hitadufomguiuasslidudesiisusestumly aunseit
TuU p.A. 1896 wininewsa (Becquerel) wuimanveanandevesyisifien (Uranium) genvantdosuailsznain
eenunsaviilviidumegusle ilshiwdunuusnidunuiusiunninisd (Radioactivity) seanlud a.a. 1898
113 73 (Marie Curie) Wotuawszumamaniumnansailuusgsdonudliioiunien fauvad
sndesuawieBouadls audRmussmainveasiin Aensuanudesndanuseninluanmisdldnasnan
feluniniu Fmuisdenivminanacludndesndanmaiiciuiu q aunseislul ad. 1905 Bomn,
1965) lovidln (Einstein) figati Weasiusunssdudesssdeonuininavanandntios Humsizd
wamsudLgniliadouiilusemuiiweuasenidmemieuiudsuluundanu

' a

gisflonfosnfuiundedndulavenidnifegausssuwd lelelny (sotope) finulusssuyd
Iounewaiden-235 wasgiailen-238 lelalnufendusgifiinnulseeuluiiiefeannduwiiduiuinseu
pafiy Aegisiilex-235 Tdwiuilmseuwiiu 235 - 92 = 143 i1 uazgisiien-238 Iduiuihmseuiniu

238 — 92 = 146 f7
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qLiLﬁamﬁﬁagagmmiimwauﬂaﬂﬁdaﬂmgLﬂugLﬁLﬂ&m-Z% Tuvaefgisden-235 swdu
lolelnufiwnndusziAninedesfieduiuilifiondntosfofifies 0.72029% vosginiien-238 wihiu Faav
0.7202% ﬁLﬂm%qLauavl,ahfwzLﬁ‘fJuqLiLﬁauﬁlﬁmmﬂmﬁamﬂwiﬂm 9 wulanil (Eklund, 1975)
gsillon-235 U guien-238 dufiongeddinuaninety engesedinvesanstusiunamssdiy
mneAEszernafiastusun sl lunsaaesaumdenimiwesUiinuEuiu v uenouu
nhiismiuarameiiusinduaisiiuiuestinadifogiy wu giadeu-235 duieddia 710 1wl
S driiguiden-235 oy 5 nfuluvaied 8n 710 Sutthadhaasdinaden-235 wdeuios 2.5 ndu Hudu
mqﬂ%"’ﬁ?maqgﬁlﬁau—238 Wiy 4,470 811U (Knoll, 2021) ?jﬂﬂﬁlﬁmmq‘laﬂ (4,580 81ud) TuvneAL

aualanfionuiaun asenilavesesifion-238 Mlanmeillagasluudiasmils esaingisiilen-238

a v

TA39TInN U AU sAaNeAIUININa NS U UapgaanunnMsaangsiilantagvinlialsusenau

v v
o [

vosgsiilon-238 fgamgiilige ugsion-235 fa3atiniidu fadunszuiunmsUdosndsnuazdageils
gauniivesansUsEnaugsiluN-235 Aoutnaas

'31/|Enmam%ﬁﬂjﬂﬂgiﬂﬁﬁémqﬂiﬁ (Chain reaction) Wuafausn (Eklund, 1975) Budugherunudiu
ilesshemszenuvdnuvasuarlmniuvesininemansyssasangumis Tu ae. 1975 dnsUszy
Inermaniduiiedesiandiiniues (Gabon) duduusmelunaunatsvosnians Tunnveamivuening
mtssguafsifidomnifeatuunngnisssssumifulanyssannegnmis dRstuiiniuoade 1,800 &1l
1 FefirFumailssnuuenlolelyegsidon-235 sananusgsilonsssuni Wnthiaedesosnsiaaoy
Usnamnududuvesginden-235 Aldsuin desmmaoufiiiolfudleiusgademiudusilduen
wiloausads q lildnanlssnudu 4 feenaazueuusniengisidon-235 sonlulithud lusswisnsese
USinauenududuasmids u aa. 1972 @wdhimuihSnaenududuvesgsiden-235 fdesnini
Asagdl Aein¥ausinalldifies 0.71719% wihidu (Arflensasdidie 0.7202%)

dnntininenmanslaisziase Yefiansddosiasnuasluuda iseaiitioaniriinisondu
89 0.0031% uAFBAINNTOUABY W TITIRABURBNTaEYL wagwut Adananilldaifldae
ynyriusgadesniuiviiugindon-235 desniusgadeunusesumind q waranmsdeuauinud
wigidendunnanmiiousuimisde Telna (Oklo) wesuszimanivas

sdsnidloiUiinaginden-235 lufuuswisiidesnissmuiug finsliundai aumm
fUsinugen-235 esasnadumaziaufifengnividonumud waedeuffinisUsznimuunani
Hungui Aetieduavessuinuuendudarudesndanuosnindnunieniedmesmsutuend)
wazazUaesinseusenunlusurviedeadnafes MliAsnisudaendasieidessoludnidugnle

aaa '

FonUfisenisuvsenuuusendiesiin Uiisengnls dadnmnlifinsmuausasnisuiendiunda
f&’mauﬂ%”’waqmmﬂmwﬂ%LﬂwﬁﬂmaﬂwimL%ﬂiuﬁJQLaawﬁugu waglAndUeeNUITIWIUNTIAIA
Fanquiidgninlulivhensiiandes (Nuclear weapons) tilensasnsy
N138139USTAINEUTING I Melnawlouszana 1,800 d1udiud flanizvadesig
wUseyamdauiuwed fis 1) IUsinagsideneglumeusiduduin 2) Tennduvesgisilen-235 11nnd1 3%

3) liflansianunsagadudnseuldfuvinannn way 4) Tundusminidmseu deledennedransen
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2o o ¥ a aaa | a ' = = o ) = Sy =
ﬂ“Uﬂuﬂ‘ViLﬂﬂ'ﬂgﬂi&J’lQﬂIGUGLUUiL’MuUwaumL‘mJaﬂLLM\‘iuLUUL’Ja’lu’m’muULLﬂuﬂ Iuﬁaﬁum@qm@a@@

Uninenmansilsuaaninadelaiulastieiudisssuaunsaasunasuiiulalalunaising,

Haadegsiyu (Nuclear Fission)

Tt a6 1938 UnInenmansvaeesiu 8y wag aunseduiu lanaaeddinseudfniua
yos5miiarg 4 nuhiedeavessine q fluduinsddeuwanfsndntosniundngaianseu
LLG]IE‘%M%JUﬁWQQLiLﬁ‘c’JiﬂfuﬁiLﬂaﬂﬂ‘uadﬁuﬁlmﬂg‘&mLL’LJmEJEJ"NEJ’Iﬂ Aoflmdeavesgsidonnusenaanidu
aosduiiuegeadn 9 uasdenmanisaiiiinisuiendivesinadea vieduadesivdu wini
ﬁ’;mﬁaamaqqLﬁLﬁ&JmfuvLaimmumaimnﬁﬂ il udesmimiinvesiu lnenSsudeuiaedeamilouty
weptu el (Laohavanich, 2516) Sadlefinmssumufiariinmaindeulmeshaguuss Befiinsfumdany
dlisitinsiedeulmuusime veathduiufazusndaesoonduaomenidn 4 fdulsmuwilouasululy
Mieduavesysondsudnuasiiunafisadntios wasmevdusloduiorfinseudiliudienautauen
ponluassiapdganasidnuwnziyin 9 fu (Whipple & Davies, 2020)

mauuenvesiuadsavesgiaiionsenifuaosdiuiu dethiotdhuinvesiaesduiinmuiu
Unngifesnimesiuafsavesgsidouniy Tnewsvldfuduinsuiusnduasianisuanydosmdany
Srnusmmatundnie wazsthuirendsnuddeaiandea Binding enerey) WliFeiy msuleuend
vosiuafvatu oradfisusifuniseuituiulioonduassdn uwinmudminvesduliiaesdudy
ddusuiefufdenfithwindusuinsusureulitudenoud Sdluniifumssutdhwinvesiuedea
aesdumuTInInntnvesinedeadeneu seilmezamsunsdiy adiumie Wmnelutues
mnaumsveslevalafiviungliide e 1905 (Wilkinson, 2020) wmsuiunaaasudmiimellil
wgnudsuluidundsnuanivestuduians Sudumelituiseonnniusesnsiditgenn uenaniy
gluidundaruaativesiinsoufignudeseenindnde uardsnunngnsaiuuuiBeninfuadesiviu

wagiaiilen-235 uazginin-238 safilusmgsdoumilouty uiffifossden-235 wihiy
Avmdsnuiuedes Tuvasitindoaveyion-238 azhivvuendinariuimseutly usidundes
vosgiaiflon-235 efimsfuinseuiivsiudeafazlidndodlminliadios (ginden-236) warlunm
sornfzuvaenieeniduiuedoafidnasaesiundoa vusiRoriuivandesndnuuamaseninmies

AULINTOUDDNUNDIFDIVNS AN

o v a A '

Wl am. 1939 dninermaninudnvazirvvesyisdonfidfyiigaie nsuteniaedea
wiaUfAzeiefGoniniitengnls (Lemons, 2018) lavauydliduiuinsouiignuanysoseansn
Mndaedesiviuresindvavesgaidon-235 famdsdidndu N fwmseu uazfansoumaniisy
gisillon-235 8n N daeded lnowsaziiinseu ssvibilandinunmamanieuduiiinseudn N da
Fevdnmsiuil deuffzenduiuly n seu Uﬁﬁ%m%Lﬁ'wﬁmﬂw%‘qmua:‘ummmmﬁu N Ufjiisen
Swaurvenrunuuuilaiduadigs Exponential function) BszrslAnmsseidn é’wmzﬁﬁuﬂﬁﬁ%m
gnlduuuuanuLsweIsiUenialndea wesluuiseiAnlussidadedes Wy UiiSenduedesiniu

Asmiislviinseusenu 2 /1 Wisldihujisense aglatanseusenudn 4 61 vdanniujisendnyanile
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farld 8 o daludnade Aagld 16 d nssvaunsilinantesnninsziihnseuedeuiitasdnsiann
Uszanad 13,000 AlakunseaIui

mLmﬁﬂﬁﬁ%mLLUUu:u'qLwﬂﬁuﬂﬁaadaiﬁtﬁmmﬁsLﬁﬂlﬁﬁuLﬂuLWiwz $runuiinsou N fntu
mnmsvudandu N >1 uwithdnseuiignuanuaseiifiewud 1 i Uiisefasduiulumevuniivingy
lsiRnnssndn UiisednvasdiGeniniitongnlsuuuasi devdnnisie 4 wuil taeliamnsofmun
16 azadreszilndandes (enysasnsa) viewedosfnsaitaedes (sdluihiaedes) nefldsiunnssiu

daune seilalluedesiduiitenaniguuuianuuus daaseslfnsalilunfesiduiitenaniguuuned

0
/@—b@\@
O
O

A 1 M3szlngnlgluuianuus (AnkUasan Semat, 1962)

5o

fhndeaves

FAULAASLUNINT 1 BazAINA 2 AUEIRY

Tnsou
(n—
- = \
fnaeaves @
—

giailen-235

ensillon-235
A 2 nsszidngnlguuune (AnlUadann Semat, 1962)

Tagsssum Tamsewarishuaansse 1 Waun measiulomaiiavauds  fullaedeaesiiton
idesnnduedeaivinadnnnidlefisuivrnavesesney udthnseuiidatiluifougisdonazmiloni
TAnnsudsweniaededldtu Snseussdesuiuiaiea wlonafiaswuiitosinn asduufniengnls
afululdenn fdusidusosimamunsliAniuadesiiviu edieliAnu iz gnidldatu fenavhld
Tneifismuavostougaien-235 Mdlrdouanowmne Gonunavesyiadon-235 inemnzid waingd
(Critical mass) N53eLn fipamsulaingvesgiaiien-235 Wieaeulauseanandusnaudnas 5 wumuns
Wit (Meyerhof, 1967) Lﬁa’hﬁamauﬁgﬂﬂamﬂdaa%iﬁﬁ‘[.amﬁmuﬁ’vﬁaLﬂﬁejmma 9 %4 fouiiazniivne
sonluanieugision-235 mnfeugsidon-235 Tunadnninnaingd neuiitmseussldwuiuinedea

=3 o Y aaa V& ! J MY o & a 1 Y 1Y = 1%
ﬂﬂﬂﬁq@iaﬂa@ﬂ‘lﬂ VlﬁiﬁﬂﬁﬂiEJ’]QﬂI‘duubLiJﬂ'lﬁﬂiﬂﬂWﬁﬂangﬂ WQUHU’MSSUQBNWHL‘UWQFWBUQLiLUFJiJ—235 ki)



Phranakhon Rajabhat Research Journal (Science and Technology)
Vol.18 No.2 (July - December 2023)

101

Twndeanseliiu vunnvesieugisiiun-235 agdesmalnny Wiaingd) Balunintu winfeueisillew-235
flvwalwgininnaingd wihndliiae q Aawsosadeld Auderdmuavesnmaiuinuasifenfe avdes

Lifivlifnageninaaingd

N1SAUIUNAIUIINT AR SHYTY
fmdesvtuduvanngnseinddey Ysngnselll inannnsdeianseundanusaligadily
Tuilhedvavesgisiilon-235 vilitlwndeatugnis (Excited nucleus) (Tundeanliedios) wdilunaiseun

Annsuanesniduasadsmieuiulidnseusalmiiintu 3 fsndae fauns (2)
Zggu + (1)n - [Zg’gu] - 1ﬁ‘éBa + ggKr + 3(1)n + WA 2)

dydnuailuedesldd dvuels [23Su] tutinndeanesysiiloniigni dudnaninwedea
vosgisilon-235 dulmsoudmils lnedl 236 Aelavmaniednnuiindoouiidvitduduulsmeu
FIWAVIIUINTINTOU (Ghoshal, 2007; Laohavanich, 1973)

naus (2) wnearwhiuedsavesgaidon-235 nis Wegniansounsvy IHudaend
HuuuFeuiuaiuneu uasifomsewdntudn 3 ¢ wioufulanudesndsusenun Beluninduaunis
(2) uandlifisuituin fudrevesannis (2) Bendnewinuiioasidnseunieiuazinurnvesannis
(2) BenimaninU)isenaslilnsouanusia é’aﬁuﬁ’;mauamﬁ’sﬁa]31/@@61114‘133LﬂﬁaammgLiLﬁsm-Z% g
liwdswendsoly dsagviliAntamseudniduriuiludes q Ssffeuffsegnlituies nnadsiiiuedea
gaflon-235 usuends @uadosiivd) fagldndanueonin demiufisengnleddindanumena
wszinnavesgsilon-235 fuinseunisdisufuidminnitmaveuFeu-141 fuaiuneu-92
wazinseuiisanud viodoudy q 1 nanuvesiiuedeanduinuffsetosninnavesyaden-235
suduimseunilsi Ftunaiimeluasfesgniudsulidundununuaunisvedlodlng

nsfnymdnuiuedefiiudunevdanniletdlatiauennuimaasuasndanu wuinnaans

warndsnuianuiendestiu daunis (3) (Peplow, 2023)
E=mc (3)

aun1s (3) vaslavdladiimuali E Aowdsnu (uniiega, J) Hauyaduiia m (uniheilansy,

@

kg) uay C ApdnsnTIveaal (= 3 x 10° m/s) aun1s (3) vanisnd1 wiaansAendsnugunis ussantn

eenansiitAouwnasiandaeialul dwumndnmeasdaserdeufisentafinu wu Ujizen
Jadesuavinbiuiavesansasnwlasuld Tuntuadiundsuwlasliisoninulansas (mass defect,

Am) FUUNSIUTAATUAD

AE = (Am)c? (4)
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Tud A6 1960 Uninemansianvuaninsgiuanaieldininavesiaedea lneinuadmiin

3 o Y o = ° B s Yo !
aznaNvoIn1sUaudunanslidiainiu 12 weRluasivuali 1/12 veanaveesnauasueulidnusde
u %30 amu (Unified atomic mass unit) TuAfl 1 u =~ 1.66 x 107 kg warnasuazliniignasu
vos8Lannsou (Electron volt) T¥8nwsea eV fmualil 1 eV = 1.6 x 10™°J 91nMguiulaasuasnasu

vadbovalnuazlain wia 1 u lindsnude

1eV
E = Mc® = (1.66 x 107" kg) (3 x 10° m/s) (—)

1.6 x 10"J
758 E ~ 931 x 10° eV = 931 MeV
Tnefi 10° eV = 1 MeV
fatu 1u =931 MeV (5)

nnqudleiuadea 2 dwirufisedamdesiu diulanUaeendiueanuiudl 1Iaves
fadvandunandnanuiiserssdesdosninnavesiiedeateuinufizeniu dadumsiuiummdaen
ManUdegeanu desnisuArusluseiulviwewmningrdewinty Wy Yitenainauns (2) e
nsuusazdaundealulanitle winawnsafwammasuiietuluaunis (2) 16 a1naunisves
lovalai lumafiRsdnagldinavesesnenilunawessnunuinavesiunded andregranisiuin
WAINURUULIN MUVURHIRAITUALNEINUYBIUNANINI FiB
M3 IATRIRERRNNWAnUIINg NSRS TY
233U = 235.0439 u
n = 1.0087 u
et 233U + 3n = 236.0526 u
finsanaveternauvauinUsngnsailuade sty
13%8a = 143.9226 u

$kr = 88.9175 u

34N = 3.0261 u
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St 14452 + 89kr + 30n = 235.8662
Fathusnandes Am = 236.0526 u - 235.8662 u = 0.1864 u
9Tl ‘wé’qmuﬁgﬂﬂamﬂdaaaaﬂmmuﬁﬂﬁaLﬂﬁai‘?\l%%’u 1naunIs (4) aglg
AE = 0.0864u x 931 MEV _ 173 5 pey (6)

ANEINUIINAUNT (6) @nsaUszanalld 173 MeV Fadnlngusingedlusundsauaa
YowmananNTuAfe vty
dadesinnsandalufe nauns (2) dwsuduedeanldiadies U ldudueuendlvinande

Wuldlavangagng wu
2350 + §n — [235U] — 14%Ba + 82r + 38n + wiaaw
285U + (1)n - 236U] — 142Xe + gQSr + Zon + WALU (7)

Amdsuluauns (7) aslimwdanuduuin dunaldein daneanasniendnisiinuiizen
wineaamedundsnuazdaduliiteameaudou Bduninfuiedeavessmnindsnduinsey
selusnougs Mdudlofiaduavassiaviin Wugisideuunneen aléhnsewad 2 vide 3 \unalsinisunnd
pdamils 4 Aniudiafoudagldiimseunnujiseiaedesiuiulssam 2.5 eymea

duumssnuamdnuiomeiignUanudesseninaninadeiedu Tuunanuiislduans
Hegrsmsdalifuiuuaes Feliimdsnuiiunnssainnisiuaiuuin Alinadwdluaunis (6)
nsfnauuuaesihil wiimsinsandufsluduremdsnuiignuanudesaninde vty Tneld
LUIAATIUANAIINNA WA aATUAY HEITY Fafiuanslilusodnsnssuinuuuusndeuntiil Ky
weaniwulusnaulazimseulvgn warhanguiving msgiudasiiiadealidnuiuiindesu
laiwihify sasianalusneusaziinseuiimmualvinfidusaies 1 symawiniu Sdudaluiidoniin
fsanlunifauuuaes Ae Weswniuedsautazeiaisuauiandesusi q fu fofu dusldamdse
Sandonadouds douilinisduindieddu lefinsumdnuaniuedesflvduresyaiou-236
Tumenvemaiszviamdnudamieiadevesyiidon-236 funandnitldaniande v

NMSAUIUATLLLIAALUUEABY ISUAUIINENATT 2)

ZSSU + On - [2 U] - 1LSlgBa + ggKr + 3On + WAU
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Tudle [ZSSU] Duiledeaignis1 Jafinan zggu Juimsoumvile wagiiiosanmeluiedea

gLSLﬁauﬁLLid%mﬁm Lﬁaﬁmﬁulﬂﬂﬁﬂimuﬁa&uiﬁ’mﬁ'uwé’ﬂﬁuﬁlwqmaﬂuaﬂﬁamﬁaa Bonussdamient
usefinades dnsunsmamndsnugaumien srlilundeaasillonunnduluiindesudasy (Wsnauuas
Tamsou) wasmA Mg nuiiinty udminindedesiedy

9nauns (2) nasuBawilen (BE) vesinduayision-236 mlfanuarisszinmasuma

fndeeuvesyaiilun-236 Aunavesiunfuagisilon-236 fail

Am = (m921ﬂsﬂau + m144ﬁ1mau) B mgmﬁﬂm% (8)
lolusneuiling 1.00782 u Thnseufiing 1.00866 u waz gisiilen-236 Tua 236.04556 u

i gsien-236 fnatiesnilusnounardnseusiudu videmadunisifendanubamiiues
Am = [92(1.00782 u) + 144(1.00866 u)] - 236.04556 u
Am = 237.96648 u - 236.04556 u = 1.92092 u

nauns (5) Andundsnu (BE) e 1.92092 x 931 MeV = 1788.3765 MeV azwiulain

o

nasnuenlusnauazilnseusananiaedeagsilon-236 agiuradiuntduiiudui Jadlouunmu
Dundsnu zfiedmdnuilfe wdwundamieduedeaasien-236 twes uazdriundealnguiniu

£

Az fahpaldusadnmdeuInTuiioINILIUTNAR 9 UININTY HA UL A UIANSRSIAIUTENINNE 19U

o

famteanednuiuiindoou (BE/A) (@viia, A = 236) Al

BE 1788.3765 a o
K = 2—36 = 7.58 MeV/uanaaau
nA BE/A azaninsaUsvanaimnuadosvesiadsaetsuszanadls tufiednan BE/A fidunn
fundeafavatosunn Wadanisdmfontu ngldamdsnusamioives 144,, fandy 8.26
MeV/indoau wasndanudnuieives 89, Sandu 8.62 Mev/dndoou inseiAmdnuiamieise
Thndesu waesrmiiinanduadesiviuiuunnesiuliinn dahluumanuiisesldaieds (Averace)
vosdestuduiiunandn (Ludsuuazeiunew) wndauadesfiedu Meowel wesdonndnudamie
AothadesuimdnuBamileands (Average binding enerey) HiafuinAwdy (E) fivanUassaen

[

wngisien-236 lagldaunis (2) dail
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[2350] — 19962 + 8kr + 310
BE BE a o
E= [(— - (— ] x 236 12A709U 9)
A’ nandnvasilady A guaiiln236
o BE & ' a 2 A a a A sfa W
LSIEIUNTOLYA (_) CWuAleagudestud Ul UNaNanINULARY TN YU
o & ” NaNAnYaIWaTY
AIUUANNTT (9) AD
~ /(B/A) + (B/A) .
E= ( 1445, 89Kr) - (E) :| X 236 UIAHDIU
- A yisiilon236
— MeV MeV
826 =——=—+8.62 =——=— MeV A o
E = UIADIU UINHDDU - 7.58 ——— | X 236 U2A8929U
2 nucleon
E = (0.86 MeV/iinndaau) (236 danaaau) = 202.96 MeV (10)

sy wasnuilanUdeseenunanmsiundesiistuniindaie 202.96 MeV vidaUsyana
203 MeV sienstipdesiluduniands Sidenadasiumiildainnisiade 200 MeV (Koch, 1995; Seaborg
et al, 2006) lahluudr W menesmewntoiaasslasBunnmunanadnsantus faziUsoudiou
NaENEALEINASAUI enan1saaes wnshllidenadesfunisneaesfiuansit wuaRaRs WA
(Ottaviani & Dye, 2022) fnamdne 4 finamiies iluiladdyresinermans mnuwidnlisonades

[ [ < g a o g a
AUKNANITVIARDIIN NLEAIILUIARNAINATINA (Feynman, 1998)

GELY
WelelalnufinTumusssuviivesyisiflon-235 Juivinseuiiindiouind lolalnudenand
svaunsagaduianseuiioaisiilaangsien-236 Nldediesls dalaadlmidazvandassouninuweaih

warSsdunuuneenun Weinnsananaunis (2)
Zggu + (1)n - [ZS’SU] - 1§gBa + ggKr + 3(1)n + WAI9Y

wundleBelmseudnldamien-235 udgniudnly avndeuludulellnlasiden-236 ldades
wnudn dnmsuensaeendusaesdiuges laevhly vlavesiamdeaviaesiidunandnainiundesiudu
oradululivarsuuy wazllvwimdnasUszanansmilwasdundvaingiuiwiu wieoutuinseudnaes

feanusneuduliamdsnuduanidiluaunis (7) dsieungninludszgndliuselevdagianiians
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WIEANaun1s (2) lduansnismuaiuaiesivduveseisiden-236 wilands wudldrmdenusay
srovuedeteanuIUszan 203 MeV deunismitendsu 203 MeV anSsuifisufunadnsanainis (6)
Fudurmduiisdmalilnglivguimaasuasndnuvesledalndliruszana 173 Mev davil
lisumdanuaativesthnseulszana 6 MeV (Meyerhof, 1967) iilesaniivuiadninnidleiiisutiu 173 Mev
asdldihnsuusuendivesgisilon-236 UdoendsnusmsiualagUszana 203 MeV wisuwenAmdsnuy
onduail

1) 173 MeV %50 85.22% w93 203 MeV \Juamadsnuvaivosmandnainduniesilotu

2) 30 MeV v30 14.78% w83 203 MeV \Hurmdsnuamivaseynaiinnsoy anAaviufian

a N sa o PN o a a A ea W S o oA o o A
HAARYINITULAZNNAINNNTAAIYAIVDINANANINNUIARYINUYU TINVNEILUATNAIUIINTIAUAN (Beta

o oa A

rays) $adunuan (Gamma rays) uas$aElEng (Xrays) namAnsuiidlofadadesfudunasiifinen
nsaaefvemandnanduafesiyiudne

astanauns (2)wilduansnsiualiansuudsll 1) wuuusn sedwsainauns (6) sidun
mMnasuNaunsvestetalainuitUdesndwueenuiuseunn 173 MeV iz iandeausenaume
Tusnouuaziinseu Fedluss 3 wila Mhlideduasnuguslildie usemdnsewinwseq (Usnoundniu
TUsnew) ussisgasevinana ((hadeeufgaiuies) wazussiaedes seiihedooubamiloiiu) iethedeou
oglndiu asfimauisddsudundanuBamir wafimeludGeniunanses (Am) dusfinanses
waagld AE = (am) x 931 MeV lwhweadiendu dusianusieunaudinzle AE = A%mvz i
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