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This research was a feasibility study on laundering by using ultrasonic wave- The

purpose of this thesis was to study and analyze the physical and chemical properties of impurities

on garments, and to develop and build an ultrasonic wave laundering device. The ability of this

inv'ention to clean the impurities that stick to garments was tested in terms of effectiveness,

performance and efFlciency. The sample group consisted of 120 normal garments repreesenting 6

different types of garments. Before the laundering process, a thin film of perspiration and dust was

deposited on the clothes. After laundering, data from detergent laundering and ultrasonic wave

laundering were compared by analyzing by t-test.

The findings of this study showed that the effectiveness of this ultrasonic wave

laundering method was the same as that of detergent laundering method. The values of color

change tensile strength, shrinkage percentage and appearan.. uft"t laundering were not different

at 0.01 significance. The waste water from the two laundering methods, however, did have

difference proferties. The waste water of detergent laundering method was of low quality level.

The two laundering methods were not different in effectiveness, performance and efficiency at

0.01 significance value . This demonstration showed that the results of the two laundering

methods were equivalent and laundering by using ultrasonic wave was feasibility.
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r:n.rf 1u6unf unrir / 6

t.r ior grJ:va.rriqlo.rnr:iou

lunr:dnurofod f ;rqrJ:vasri d'rd

1.3. t tvloofinur rrncitn:rv#qorarurirfdrufla^nd uacrnfiroralrilnvl^u fir1urdou
vr49l

oguuru0r.rl

A 4 a J g o c/s ao,t.l.z tt,t-oHnurTrn:rcd oonlturl afir unsnnno{ln:sil?unr:dn#rlsretdndurfiul
iai
miln?'llJ6rd{tq

t.s.E rfioffnur ril:'r,ilrfruu n?rlrrflu'hJ16'tunr:dn#rlpruldna^urfrurfifrnarru6ar

t.a arurufigru.uo{nr:?orl

n r : ii'ulu rio,: fi 'lddr aruruor'g ru fi drrYry rTsfi

stA, - J ad a v I
1.4.1 9.l1vl9.l'lufl:s:.nunr:rynm{?fo{it octJ:vaunr Color change, Tensile strength,

Shrinkage percentage [[dU Appearance after laundering'lrjun n gir{fiu

9t)

t.a.z rirfilnrnnr:frndrunfrurdusfrfrn:rru6q.r tcri{r.tnn:cyr:tsiofi.:u:qdorur.?ou

ndrnr:frndrunrdnylon

1.5 ilo1Jt1'9t1ro{nr:?ffu

.99

nr:dnsrn i.:fi fr rourclnnr:finsr il:snoild'lu

I . 5 . I fl r : il a vr^ u fi rfl'er 0 r fl n^ n n : : ru rJ n 6'rf: hJ 1 du ri

1.5.1.1 ot''rtmtonlna drfiprrrnnr:{ucirwo{rfiuoonr1{fi'?fif{ totix
A A rn dr 6 al s r a " 'nruilqH{i n:1urilQolnnrflun:rrornar:o^uvr6d Jsruiln6osfifirjrnrnr{il ri:ulrqjrinrv

rl:rr+6r?rrruno:Jrufi0
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v

t?l11lu

:iar fi'srivr ur d'rJ ru H rir u r a-u uil'o a r m. ru. ( r m n Iu I af fi ril ! r c ail rnao n r : yier u r r in u r n r ) I 7

1.5.r.2 {u aaoot ttnvFl'u Innil ri:Jv:.lu oq]luornlflvr-?olil unyuur#uilr{

lunr:dtyo: dlfnovtntvst^ntfluuirrrun:ynrgfi'r'hJrLudorxr,rn&Rr{rn{ r,16on:yIrJ:.r

t.s.z n'ns flivnr:rnrvdecJorar: nafi u finurrnilrs nr:rnrydqnrelu on Tn:r agrsrxi

t.s.: nJE urLtfi uu p{anr:cr{'qar:ila fi u doqjlurfi o fir drun:vil:unr:uxfilfi ndfi rfi sr

4^.^-^---q:l^4^ 4. -sa--- 4. oio ct! ulun'lnf'|1:t'i,nautdu{vlrin?lun4{ ttavfl:cu?unr:nxrnfrfrrnqornnr:ldrusdnylonuul
4htot

r : : ilqrfr s'[ri il rf ru p.raruqlo I ar:v,lon"u r r

1.5.4 il:srnm ttnsru-aflosfit6'rodr.rfild1unr:finsr ldrui #rvrorj:yrnvrrduluruarl
idlglcttatd-{

tfiolorntilurdulurJ:v6'u$6nd'nunrvrnu-r firfinornnr:drrdutun::rusrfr uavrdulurJ:vrr^uf,

rurzuaruflurffornaruqararurifiludrun'l'rlJvruynu unsn?'lrJdsornaurulunr:a':ruki drtunr:
o 4 JJo

drrurfrnurn:-rfrfr o ryu^sr 'ldrui

r.s. .t firlur{ail T/R/L :sudrsrmlm rou Tovo r:r,ou unsfiu^u :ox ficrrr

r.5.4.2 firlur{ail T/R/A :vudxrnln ior 650/o rsuou t7.syo rrasotfiraa

ll.s Y"dqtn

r.5.4.3 #rluruaru T/w :yu'it{rrlnsou 60% rrnsflufl;ni qoy"dlnt

1.5.4.4 firluelail ?c :sv'ixrvrlm lou 6tyo unsfllu 3gyodtnt

r.s.4.s ffrluruail ?c :srirsrmlnzouTovo uayflru rox frclra

l.s.+.e firlurldil T/c rsn'irrrmln ffiu 70% unsflru :oz fin:lvir ufto

il a fl o u [q tnt 1v n r : n n cJot fi

t.s.s lu n r: finu r n rr ru rflu hJ ldlu n r: dn fir In ul#qrJ n : ai'fn lir ii a3r du dlr,i xru
d?0nfiurfi e,sfifi narrudqr riu fi {orirru olunr:?rn:rvri{orynludrusirq 1 6'od

1.5.5. I drurj:vfrvrfi r{o (Effectiveness) fio nrafr rfioduornnr:fnfir drdr

nr:irn:rvr{uj6uurfi urt s :runr: lfluri

l) Colorchange

2) Tensile strength

3) Shrinkage percentage
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r:n.rd luduni unilr I 8

4) Appearance after laundering
99

5) qarnrvrrirfrlnrur.rdl rrnnr:dn

1.5.5.2 dru aru : : n uu (performance) noo n ?lil dlil1: sttu nr:dn ffr d nrdu

fi 1.1'ru'r{ firfi dsr:rnr:ldlrhfl rclarvdrnr:dn uas:yuvr?nrfi t#lunr:dn

t.5.5.3 dru:J:cfrTfi ntnlunr:frn (Laundering efficiency) fio nr:rnro-n:r

rirunarrudrufruf,:sndrl:sdun:rruril6uuuilasrorfifir (color change) ,duuo,nor,ranil:n

' riou nr:frn(Input) uavnrordl ornnr:dn (output)

t.o sr'aurj:fi1fr'lu nr :id'er

- t jqtq 4 | I - r Ao - - J
9r ? t t:J : vl ts t u n 1 : FTn u 1 il : g n o u 9t ? u 9l ? r r1J : yl d'l fl il 9,1 1l

t.o.t frrurj:64:v lduri n::ti6lunr:dnfir firo''todxfild1unr:nnnordn

(Sp'ecimen)

t.O.Z 6'trr:J:gnl 'lduri Color change, Tensile strength, Shrinkage percentage,

Appearance after laundering tlasQolflrr nirfisfi rJnoUooftfi d{lornnr:dn

9t

t.o.l fraurJ:n?uqil lduri rirfildlunr:dn
faa@tjdtaiutarAilnfl sil91110{r{{crnilon eI{rljusu9lr::ilo'r1r ttJudl:}lon11?9lilil19t:g]un1:T9rdoud.rvro

ro{ JIS L 10e6-1990 frqrorfirslrodrs r'rarfi1#lunr:dn uasrn+o{dflfirfi1#lunr:mnnorfn
4 a -iatr{tuuttLJU6t{tglu?

9r4 <f o | | dq9l q A
9r{rruulu:uu 1n tsa1iln5?t:ou9l'uJ

Copyright by Mahidol University



uior vr-st ?r ordo rl u rin sr du uil'n a

t.z rirfisrilfi'ilri

r vr. u. (r n n Iu I oE fi r u u r; dr ryrao n r r lrifl u r m ifl [, r n : ) I g

r.7 .r ifi nr:dn frrleuldtttdnd onuu:-m::ruor fi u1rJo.{ nr:ldq:Jn:afh'trilr
6tdn n : o u'n do tjrl r.r ds fr lddr r,r fu n r : fn fir um u u: { { ru n u uu :L fi fi ldo qjlu n i:r3o u fir l:J
4 -ooi adlnr:dnTfrfrostst-tlrusfrnrionttrrt::lorfihifia?up{dilflo{d1:don{r? a.r'hJsrrilrureril

nrin uavil?illgr1ro{#l

r.7.2 i6nr:dnrflrleruldnf;urfiurfifin:udqr mrurufis nr:ldqrJn:aflv{rflr

6rf; nvr:ofindrr n^ourTr{o r.7 .r usi'hjrsr^rururdnylonhJlu:su'jxnr:dn dr lvtdqrJn:ni
r-.-3--4-..4-.-de----.4-- j - os a t t I 14 re 9 3i. qn'ltuannutdu{ililn?1il0d.: tur9n':truo 28 n lnts:et"i ijruuri::rulilriufirrravdrfrliinr:dn
q-- | v, ---,4--!-,.--- ^s-..s!:--^lq-..4^z^ -r-,! e u y !^tu5s14?1{n1:crfls?{t[:f'llTlouoUflnluar:ruaytufi0rnoqi1urflofrr rioufrosytrnr:dndrudrlu

ir'rnassio'lil

ct_v
r.7.3 rJ?uranjr ilil1ufr{ :JiilrarIsru:Jtru',*nuuri',lunildnfirrrurvarufiqorrflu

fi srt drriudn firfr fr rurnrvirrirnrrru 1no{nl:6n

r.7.4 fir (Fabrics) ilrutufr{ iaqfirflun^u rufinuornrduluniordudrer lquif;nr:
^--.- --4-?-<r^--4 .t v u d1 9)ylo ?l:o?nfrl:ou 1 lsu f]l:ofi llasRl:og [:]u9l1l

rlat4riaaAdtgrL7.5 tdillu (Fibers) l4urun{ ilu?uyriluu]srlxinvrqq runlrruutrrurnfl?tn?tilni1{
h tc I tl
tu01nqfl u'lgt rlnyail:1{

1.7.6 rdulufir (Textile fibers) flil1u6{ rdulufifiqarailrisil#t{n^ntflurdudru ra?ofir I

h9,
to
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r:n.rf rluo'uvrf rnilr i ro

1.7.7 t'|.:frflvrlon (Synthetic detergenO ililruffs d1:d{rn:tv#iinrfisrduolndr:rnfr fi
tfluatawnou'ldtrnnr:nd'uillsr:rduru oroovoqjlugiltoura: n5orflup.n ri:uluqjrflur.r.r

t u nr r dn il o n il : y n o u d.: u ar : rn fi il n r uyu^q (s)'l duri

1.7 .7 .l cr : nnt t: s dl ru^r rEiu dnn^n tr u 6u da lyhusr rflu ar: oTrr n'n lu nn

dndon Isru?irH#rfidrulunt:nnu:rsl'rfirrorrir unvrir6'qn:ruohfu zurdnv,lonsfiqr{il

{u o s rlfr ,, il3il 1fli dr: a q r r: r ds fi '*r r n {tr r-, rvir o.r n rur dnd o n ri'r1rj

r.7 .7 .2 ar : do ard n rfJ u ar : fi fi n ar al rio^lu n r : n o fl ?trl r't : s drl t o I rir ua v

ri r l#r.n frnul o nr,i rq ru ldri

r.7 .7 .3 I ryr6 u ru fi fi rn sr ri r r rir d fl o s riu n r : ru n i o u r o s I a r v

lror't0'trtd1:rnfi6'sn6ireudr f,ifinr:rfiruar:ylonrrrrfiolrt'ffrfidnrraqrr?6rsotfldel

1a odrs'l:fisrulunt:dnuri{'ulun:%d osrf;onldru.r#nylonurrurrur',fi1ifiar:v,lontn

rvra o }{n r : r:JE u u rfi e, u il o n r : u sr n o r rfj u'hJ l u a n u ar v l n drd u r ti'u ru r n fi a el

1.7.8 na^utfiulfifinertd4l nio qnn:rlryu^n (tntrasonic) rrurud.: nnaurufiorfrul
4 A id i 4 6s t 't I a t -^ e

tflunn^ufifinarrufiqsfrr zo-+o fiIar6:nd n'rril6firfi'errnnr:durosardnnrovrd floq:iufinr:

rirndutnriordersfifinerildAodtlt+rl:cluryflurrudrusix 1 rfludrurururn lduri rrudru

qnarnn::ru lrudrunr:uttmtl trnsrrudrunr:nruurnrrturircix 1 riJuriu lunr:e.fiuni{u^
6t9/ i d ia i os a J i "tsflaurdu{vriln?riln 28 n lnrt:srry [uo.r0rr'rr4rdoiaerrnyo:Jn:ailunr:airr'ldiru

1.7 .9 Coior change u rur udt nt:trld uutt:Jarqrorfi #rntufi fii ornnr:dn lunr:n : tr
aorL o s 1di6 n r: rfi ul fr drfl arn a fi rfl r (Gray scale) Tor u : vq o o nru rrfl u 6"rra r

1.7.10 Tensile strength ililrudl rirn:urdtutt:sdstou#u1u#l firille,5erflu rJouei

sio flr:rsd? il$o nirusiorquruof nrrrudruu:.:oorslo{rdulerororilduuurjn.:'ldrfiofirairu

n:slaunr:dn
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riar.n'gri m ur n'o r r rim sr du ru r' n n rvr.ru. (rvrnlula?fi rrrrsdnrr^rdonr:fisurrr-wurn:) I t t

r.7-11 Shrinkage percentage t41tt0d{ njefrduoini:find?flo{trfoffrorondoo-lnflr:
crn

1.7.12 Appearance after laundering ururuds anl^rfiil:rnantuilfi{0tnnr:dn 'ldrrri

:oun:1uflo{dl:iln?'l^udoroovhJqnrfrnoon'1il?rilo frrfiqfinruv drornrirun:su?un.l:dn
'lunr:n::oaold'rnrirrdovl#if;nr:drrnnnrurrqrnsirrriliurLrfrerufluriounr:cfi'n

tt9
1.7. 1 3 qilnrilrirfi.rnruudlornnr:d'n il ilrufis q*ol*ruori,fi tJuu ud,uunu1nlfl

rnio.rdnfirnruHd'{ornnr:dn vtJrrrnnr:dndrunrrl#^.finolun rrnvnr:l#ndurfiurfifin.rrilfr
J4ar'q{ 6sorofirunfiudx 1 rJurflouoonrur'ldrui ar:v'loan'ln rraedrrrnfidu 1 fir.raruarlup.6

dndon

Lt J q ilz v}m n'run u l r ofi r run dru q vm^'fi rfi e, du o r n nr : dn #r 6'rerq :J n : nirirrfi q nfi u
4iajAtyAAoaaddrfrulfifinarrufiqsfiaixilu frlrirnr:Trn:rrviuJEuurfruu s :'rurn: nrililrer;srufisuolunr:

elr?0?fouzuo{ JIS L1096-tgqo'ldttfi

1.7.14.I Color change

I.7.L4.2 Tensile strength

I.7 .I4.3 Shrinkage percentage

L.7.14.4 Appearance after laundering

r.7 .r4.s q*ol*tildunrufl d{01Rn15dn

1.7.15 dil::nus flrJrufrr nrr:rarrur:nlunr:d'n#r fifirdonurur d'n:rrirldciru
o o AGl t/Gl u

x tlr v Tt'l fl 1 : ctrn I tn e : s €, g t?nlu tu tu fi'l 5 cfifl

t.z. t a rj:sd-vrfr nrnlunr:dn rllsd.t nt: rrto-sr:rcirun:rrudrufiuf :srirr:sdl
rj | 4v .

n?rutildt urt:Jaszuolfrfrt (Color change) rtlosornnrrruan:J:nriounr:dn (Input) rtasRTJt,td'.1

ornnr:fn (Output)
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r:nrd rluo'unf uni'tttz

t.s nadnroiroy1dYu

lu n r : finu rn* d nrn.jrn y ldir rl : v lusftudorrix 1 6'.rd

r' e. r 1 d:-:: n r r ru ftu n r : ldrn n lu I n6 fr nr ru r v aru dr v i:J n r : fi r n ?'r u ds o l er fir n o ua c

vr : r r fr r d'n u il v I o r n r : rfl o u cr : ru n fi u il'r { ryu'er ii hi'fi lfl u do r 1 dm find o n

r.8.2 q:Jn:aifrnfirfi rir.rrudrunf; urfi u.:fi fi n:rru6qsd nvfi rJ:s fi vrfi r.rn dil::nus
r4a

tuavil:sdmfinITtq{ rnrrsarufi ovrirl:JldrJ:clerrflunl:,fi'n#r1d

y9

1.8.3 rirfiiornnr:dndrunfiurfru.rfifrnlru6q.: osrirruan:yvr:LsioAurendouiou

n?1R1:ryf19?ur't{cuflvlOf] ruo{01R [ud51{il6Ufi1h4nud{rragtdol rrnydsrilunr:t{etlura'lurn

dorutv?fr.:6usraorrld
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rial.yt'slim ur a-0 u u r?m o r a'o w'n n rm.ru. (rmnIu la6fi prrurvarurfi onrrfisurmiyrotnr) / | 3

lunr:finurn:rrrflu'hJ'ldtunr:dn#r lqerldnf;urdusfiftnrrildqutiu rfli{'uLi'

finurronar: rrac.:ru?6'uvr'tfiu:rlosrfisrflu drgl, uasrru?yr1.{lunr:i{'er rTsd

I
4

UYIYI2

Ytull?u?5:tuR:5fJ

z.r narufdahJrdsaffu nr:rtrnarruavorsrafi

n?rriqi.:uu1ulunr:dnlxr fro nr:drnalildsorel

d: uss drr o o n'hjl#n ru q ldur; ri r n6on o., ru n rsu'ndu

rir firEun'jr frnrflun unvdnd.rual:asnlu rSsn.jr frnu#r

at ctY 'A i
rol : outlj 0uoofl 114 14tJ9t [r9l?f .1yt 0v

- 9a t/ o Ul 9 _ ad d @ 9tfl]:Ynt{lyt1 t9l 2 ?D FtO fl1'qrflet?u

, uuduuuu,duuilfi ,fi r ornnr: arrukf rfl unr$o uns hil-u ornnr:rilnnorur:r?o

nr:drsru uunolorfufirflurju n^u rfolnnu :urvi.:niuorn'lorfru:nuus{ riol:rrru

Eqfllfin::il cr:runfruuio:oo,f,oufi'rniroonldrflu 3 su^er fio dr::lan^ufiroroon'ld.irer
i 4r

urn [[a&urnfi qnvr6o hioonrau

- o'i \!r dt rr | 4 d .t v 4 q d6f1:ilnmumdlill;6troto0n ler{'ru rllunrnrjuaeoo{gn'r 1 dlryrurrrsiad'srfl5o{lefr
,J lst & t@

usifrrfi do{f, uoqj6'uqararuri6tor#rd':u
99

ornuqoroonhJ'ld udfrtfido{fruoqj6'uqararuri6tol#rd':u rdu r'irfifid'nuarsnl:rouilufi?

riurL{unvrqnoon'[dirern'ir dlflufirfifrd'ourundunulunu{ rjuovr{rlilaoeum:nluei:u

crotfrtqtileiolixfluni d.:osdorldarq,fi'nylonuarn',rduar,fioufirs {u6.:ovnqoreon'ld

r1tdt:runm'udrtJr:a:?rJ6'rfi'uvrr.:rnfinnrsrflurf rurdstosl'xriliorduluosro'roofluln dndor

virlv?nr::ailsl-r:cfi'irrdt:uavr^uri:-r#rrrernoon rrnydorilroroonlpre,r$arrfiohih?a'r:ilnr-u

ndilr{r'hJsl^ordn drldnrqfrndon nrfinylonosrirnrhfruvr:ndrurcirlilfiu:sn'irrdr:ruavr^uuns
X c) o6tly a , 'tuJofit vrrh{at:ruavr-uuqoroonrrnvnouoqjludr ar:ruafiuuxru'orfrquarurifilunr::rrudr

I ddu I a
r.l1niln nu ar s fl 1:T 0 [ruu fl ?
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/aJ
?:nns cluouvr: vtuvl?u?5'un55u / l4

q I t^ 94 i v
RUrr ternurflllosfloeroonld rciu Innu ri''n'' rua'lfr rru*n rrnvf;ufi'.: nsodrir nr:ldrl.rdn

dondtvt-rodr.rrduroro'lil1dr.rn dor1#ar:rnfififin:rruirurlulrrryfieeirerI{'noon

ar:d'rurirn?lilduo'rer durJrrnorldeudl ,irorfruo,fluri''looru''r'hin:ydrs tiln
uaolo

qararu:iolunr:.iaudrn?'rildso'ro lsrusi?udrh?riJun ,i:e,nr:n:soruar:dndon unvssdrs
- a cr 9 ! y orrt

d15ilnilu t14ilnqoofl il101frr1Joill tgl

rurd'nv{on v ilrudr ar::J:vnorfi drrn:ryridurft oldlunr:dndx arilr: nsirulu

nr:dnv,lon1#6du fiqararu:ifiri:unnn:ril6.fi:noorir lv?nrrrurflunrjru uvr:n6ruuaslirtr?

rfiqrlos il60ilruruffrar:rnfidrrn:rsfidoldlunr:dnv{on rfl,d.iitd*r:vdrrfiranil:noon
{ttA'l

ornrfr offr rn5o.rrjrviurnynrsustr?asorn (e)

arcdn?i o n uils o o nrfl u z il : sm n or rru q ararufrir osar: fi ldn o u: s sr'c Fr^r (z) fr o

1. Hard detergent'ldtrri r.r.:frny'lonfianru6'r'ldarnlun::rurytfi uasfirirurJ:snolfi

rfluar:aqtt:.rst'.:fir(s.r.f""tant) tflun:n BAS (Branch alkyl benzene sulfonare) nio agS

(Alkyl benzene sulfonate)

2. Soft detergent lduri r,rrfrnvluoda'.ru',,oqndoeranrupTr'ldirulouurnfiriulun::r

rtsr^ rirl#rj?ilrilnr:sndxlur::ruyr6firios unvrfiofiu'iroshirirl#rfinnrnrfiueiodnryru?er

doil fi surfactant rfluln{:n LAS (Linear alkyl benzene sulfonate)

aruil:snoucrort{rfrn?'lonfrilrnilr0fla'rusu^aunneirsfiuoonl:Judrusiu?d'vrflr.rdsr

is fi au, r : n a, a r u ldlu d1 ua y n s n r u'ldlu h fiu fi rfi's d
4a f,t. dr:nnrt:rfr.rru^: (Surfactant) 6rfiri:urj:vnoufloirdr:rnfi + il:vmn (s) fro

1. 1 ttou6oou'n (Anionic) rfl u ar:fi fi rJ:v q'ldrfl rnrL,u^ol ornlrurnr]atonfl t:
,:A !

rudrfrrruonsnreldtovfiil:v1'ldrftrrilual 'ldtrri ilkyl sulfate, Alkyl ether sulfate, Sodium alkyl

b-enzene sulfonate ltflU Sodium benzene sulfonate rfludu
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u8lcvlgr?Ylt la0 il?t'l?vt01aullfi na ?vl.u. (rnnlilla6fi rurrsdurndonl:fifl urmSilfl tn:) / I 5

r.2 uouo^oofrn (Nonionic) riluar:fi fr lrurnqnfi arnrurir ov hJfi :.1 :v Eldrilr
f4-!

uddltJ1:odlqnrirLdrritl#rn'qni:avn101d t,iu Alcohol ethoxylates, Alkyl phenol rrde Ethyt

orylated 
{

1.3 ltnmAooil^r't (cationic) rfluar:fi fi lruraqafi avatudt ovfr rJ:vq ldr1rrfl u

au ldrrri Quartemary ammonium n?o fytiainium salt triu alkyt trimethyl ammonium halides

1.4 uolldruoSfl (Amphoteric) rfluar:fi fi fu rnqafi ns nr u1i1 osdlrJt:nrfl u

ldvirrJ:vqu?nuayil:sEarL dueqjfiinrrrurflun:e unyeil{lrouril rciu Alkyl betain

d1:nqt[:{9l4sfir FIarO detergent n^o Alkyl benzene sulfonate (ABS) ttio Branch alkyl

sulfonate (BAS) dlfioqilururdnvlonrj:srurar l2-13 r:Jofrdupi 1l) fi4or:]n:lagtmxrnfi d'sd

CH, CH,

ar:nqtr:sfrsfia Soft detergent 6o tirr"* allryl benzene sulfonate (LAS) d.rfiqor:ndru

ril Uara detergent trsirflu Linear ctrain d'td

cH3 -CIL-CHr-CH2-CH2-CH-CH2-CH2-CH2-CH2-CH2-CH3

I

/,4
\t)
I

SOrNa

dl: n ar r: { dr fi'r#s ru^o ABs ua s Las rdoas o r e,lirr rdr o, fi q or arurio ( r o) d'.: d
1 ) n n t r: t n"s fi r t o l rj r (Lowering of surface)?i r n rh fi cJ fiq n : r il t ta y fl ? 1 il dfl il : n

z) n r : rirl#rfl un (wetting) Io ernr: drl#n:dil pl'arfl un ru rn du od rl ri'rfi I rfi o

dsFr?frlunl:firnrrruavornrrns,Er:sdr.r

l) nr:dsfiscn:J:noonnrnfir (Detergency) drilllrfi netr:rdlqer :vm'jxfir
,dio@v

6rf'rlJ :fl unsiluyt r{?dil ild

4) Rl:ur?uuuutrtil (Emulsion) ri ril rirfr il fi'qorlurilriu ds hin sn rer* tn't

lr?rn'q n r : ur r u a o u o qj'lu ri,,u, o'r u', : n r {'q o o n'lil'ld

cH3- cH- cH- crL- 
f- 

a"'- cH-cH3lrA I

CH3 SOrNa CH,
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5) nr:fl otfiunr:nnilr{r f,ulril (s,xp.nsion preventation of redeposition) tit
y jo 4 A t il

?ru'ryr turn:er.1ro'rnsanil:nfinnrfrqoon il1ur?uaouodlurirTril#ndur{rhJrnrsel^erri'ufirqq

SftJt{d0n

- - --- 4 t A- I a | | o 9t d
2. Builder rilu ar:il: cfl oumryilerouro{rna*odoryrdn vr ru fi rfr m^ril: vfr ufin tn nt:

dxruzuoI Surfactant uonolndd{hjrir1#oA.:and:nsix 1 fixqooonornr#ulur{rfi'llmrjld
o9it9e

vrr?rfrfrr':euf,n?lilR:vdrrtosrjrJouvirl#unnr6uu (ca2) uavutiflu^rfiuru(Mg'z) nfreruRou

drldurier:lmduilv,loar$ln uns'lsr:'lyrI:yloaryln d.rrirtri'rfiodosararuoqirJ:sil1ar 30-50

rujoflduoi firi:up.raruroqnf;olryrdrlrififirnn rfirvnirdflortiunr:rinndouqrorlars uas

florfiuafrru firiruzuarurvirrir s-to njofrdud .'lquilner^r.nfrnvlonri"r'hlosfi euitaer !.rdilod

il:gilril go-so rilofrduei

3. sud regulators rfluar:firsr^ilar'lilluanfrnv,lonrfrorirnrirfirilusTa stauitizer rfo
Suppressor drfrruasionrrur,,ur,**uylowrrudornr: In:raSxmrsrnfrtorcr:dnafluqnld

ul? dl flo{l}l?fi Fatry acid ttde Silica fiqaralrTfrtilu Hydrophobi" ldrtri Lauryl alcohol alkyl

sulfate 'ldtrri fauric ethanolamine alkyl benzene sulfonate

vtrAgt
9.tnn5sYtlJfl o'll6T1TGtrfl TlOfl n OrY{tt?naoil

ludesfl n.?r. 1967-rqzz 'ldfr:ru{r'ru0rfl?r:rT'r:flr{n'r5rr}rvrrilusixrj:srmf,nn'r?

frr6'un:ruro{r.r{dndon siodun:ruro{qunrunusruluJ:ssruqndlflnr:runrfisrt{rdnrlon'ir

osriol#rfinnr:dnrduro{q{au unsfiornr:noundrufloor rir}flrflldfifi:ilfiHUruur{rrv{:rsrur
o I o Gt grul - ojo q o q ga - Aa, ir 4 dl A c, i acrnilonml l?1 tliluD::il519lytr.t?14u{ana{ m1 t?lru?14u.1vtlJ0[lJoul{:0t1Jut{unu ry{tf'|901f'l

I

nr:rilduuurjnsro{Iil:6ufrfirurir rirl#fieurftaoRuaver-erfioulnfirEu tt6orfiqornr:ufr
4 4 a 4 & e duly -:vn'rutrio{ltljUlauilllnu rtorSoS{n ler ( I 1)

ruqfindonosulrrf irqnru'ldlqsn:syrrsfirilfis tirl:Jii'rueTarTuru.rdnv'lon dltcdr1fi'
6Adtno
rflnn1::snrurflo{ rl]urrruarrnrdrrfioornl:ufi fi':?rrisrvilurdu nnavrfiorrfluttr.rn4nol ot0

6 s A u 3 -o,tt : Y i, I o I tl4 lS o1.+- 4-- +
rflfl l:nri?Hulr5oil-tet u0n0tnuot0lfltd:t{ntu lnun'r::1jil:vvnutrl lil tauil{totu ry{0vuCopyright by Mahidol University



ililcn9l':1lulau il?t't?nna0ilil nn ?n.u. (rnnlulatfi ruiltcautn'onr:r{orurm:-vturnt) / I 7

r 4 v o 11|9 o 6l ta I I d
fl{flon]:il1J9t?1tO{lA1 tfl Yt1[?ttflgtolf'I1:yto{:?{ttnvo'l[0uu o]fln'l:mqno.:fl0{ Griffith ld'

:ru{ru'ir n'rr'rf'r'r;sl:?0douvn{fi?flritilu,ir d'ri Flurescent whitening agent (FwA) fir^raruoqi

6l v r dt d o q ga taelur.rsdnvlon 0sriludrtfiEfirirlrirfrqilq-ffiorvrxfiarri.rryfin Delay contact hyper sensitivity

n'l{rl:u Arundell '[d:rusru'jr dli phenotic detergennirlr?rfiErornr:duttqttravdufifirnril
rf 4 dr r S 94 i 4 v o I tq o q
nhfrorilurirscJr? lflelrnv,tryr.ru?uyrruunfin{ruri'rn?rildso'rqoiln:ni"[uttruunnluutv{utilFl

ronJ:{nurilrnlr?i{fi d{ (12)

fl u n q€Uierr:s ( I 3)'ldnri r:fi sdu n : 1 ucr o{ p.r{dndo n d.raqrl lrtri'{d

r) rirt#lfipro'rfl'r::un'rurfrossiooiurrfiduuTa drorrrfiqornnr:ldrurdndonfiel

rJ:smil rsiu tda:sFnr rior'lond'r rilaorclrnrovr,irt#r6osrr6'nrar nr^rilu-tfi:svrravtdue{il

14u1lJu#{ riornaoldarrdnv,lonlurj?rurarfirrnn'irrJnfrtucrrusr,irnr:dndr.r osvirh?rfin

o 1 n 1 : rTu n 1 r fi ev ris :rir? ilil^o rf, il rfl o u rilo o r r.iu r u 1 o v rfi er o r n,, u'.t n du

z) riih?ornr:u# d.rrfinfiu:suurruduv rerlo n:fi fi qororrurolru{dndonr{rhJ ov

A rn - 3 q 4 4 tngt : a l'Ao - A a i
tfloo'1R'15 t1fi?9lt:o5{ fiiott^onol'ld uof't01f'ruo1fltfloo1fl15[til719.t??tu{ cr{tfl9t0'1fldl:vl
dfrv

rfl u rtau n arx o{ p{{dnv'lon rriu dr : pldilrfi oy,l o nclr'l

'l dfi n r : n ri r afr r : r u.: r u n 1 : n e a o {1u rJ : v rvr nfl rl u ?,r :J'i1 AB s rfJ u ar : fi ri r t #rfi or J : n

d o - t! t o dr - irr nyJ 9t ^ r d io q9
ilcrir ludnirdersandruuu lufl n.a. tgzo ig:Lrnfl:lutddsr{rrunr:r{a-flfl0{t6iurdnfrvrrhi

rfiodo.:lsre,ldar:nvnrerr.mfinylonfrfi6{1: ABS lururdndonsu^er Hard detergent ldfinr:
'dtarvdAaoorssiqy

n9no{n'l1illlju1Iu1J0{ ABS 9l0cY9r?niln5sen6Yuila{ rsu ?rH tnu tnufluvrfln{fiHoonttn?

rorfl{dnrlonfifiar: ABS yr'ruirrnrfilnu rarvfir,rqrird.:r{.rfior rfionirmqoonilu'jr Qn?rH

4nrYrfifi:nfsfiurrn.r unvfin:vqnd'und'lar^nrJnr^ l*o 'ldrirnr:vrornoqreiutdu'lriu usildrur

vtiard!--drgvl
ryfliloflmil6I'r: LAS TtU?lfildrJU1rUnn?nqn{ ilp{nnof]1:d:1{n:e8n1otil41dgl?oou ltnsml

t#ufirqnld palmer'ldvirnr:vrqaoqniurder'lri:r suto leul#Hqfrnv{onfifiar: LAS 0.03-3.00

rujofrfiupi nyir rirhi'rnnornr:ru'qilner'eion',rriufiuo usi'hifiornr:rqilrsfifidr}i'rfiqrilu

ilcrfs :J:varu rao'ln:fivrr^'(ta) 'ld:rusru'irfi{n^oduar:rerfifilduvruvloarv'lsr fio Nre
f r r lo qtt a dl s d

(Nitrilotriacetate) Bssioil1ilua1?ft:uvtrlf nultutnotiju [:nilvtis
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I q a!
2. P{Afl:CvtUgtodgr?U1

lo* *, * * r, r *, a n r r: { fr { fl^? n s ri r hff ar : n': n h.| : 6 u qr n fl v r'r o u m 6o r uJ : an t vr

Iqurqilrse.nfrndonfifiriruil:snoufirfjun'ln pvridine osrflu6'usr:rusio:viluil:vdrlrrrns

15.5 -18.3

nr:ilrutnuos:Jar drlu:sd':rfrfrnrrruuhr1urlou 1 rl:vrutar t0-40 ppm. ilnrovrnfioulrrlil

'ldrrasrfionr:m:td": Henderson'ldrirnr:vrqno.:ti'lilar Fathead minow (Primephales promelas)

ttnsilar Blue gills (Lepomis macrochirus) wu'jr n':trur{l{ufloll ABS rirlfi:Jnrvrornowlua{

odurdo r,r?o so t:Jefrduri lu:sersr:ar go frJil{ rvirfi'r 4.5 ppm. uav s.6 ppm. orudr6':t

Lemke llCIu Mount'ldvirnr:vrnnosfiiilnr Blue gills rsiuri'u lu:vuvtrnr :o iu ovoqj:vl,r'lx
91

do r I d d 6 a s d a I a a
u0fl0'lf'ruu{}tu?1tJn1milon0{:Jn'l:rn:flrgllj tnnan{ rlnsilo]fl1:9,l9ilnnlngl:cur9r1Jl).) -I6.J ppm. ugilu tiluuitTtu-J tu

99

fru#lrfio16or?rrsunrton6npl?u (ts)

Herberr ld:rusrun':rr.n{lulr^sclorrurdndon ABS 'irrfluar:aqu:sdsfiafrfinrnsio

ltarrl'r1ur;r,juu ,,urri,n:sdx fi:sel'unarilrs?il{u 12 ppm. ovfrlrfl:Jar Rainbow rrout ens

nrulu s #:lilr usifi:sd'ilnrrilrqlilcludrn'jr I pp-. osfirhflrJarqrunrolu:vtlvt?al 12

dilqr?i Hassler ldvrsrnot6'sr:rfn:alurorilar Ruinbow trout rEiuti'u IErerldar:ilTvnou ABS
rjvil9/aasra

nu?ryl:serun'rrrurrru{u 2-4 ru^nn^nirusiofin: nrulunar z+ #rlru.: [Las 2.53 frafiniusiofin:
o o1 s r r 4 'il I

Rru rur?n'l 120 u? uJ{ nu'ir:Jnrfiornr:r4rutofifiu rfiunr:m:.rdrirsdrhififisvrrr unsfi

tfronoonrurrrn tutonqnviraru Hamm'ldrirnr:vroao{t{.:#ndonil:smm Nonionic 'fru:u ts

su'pr ti:-rilar Rainbow trout ldp.rnndrufi'ufl.:dndonrl:srnn Anionic fio:JnrnvaYxtfronrurn

n'jrilnsr^ nrtonqnvirnruuavflrulufiqr eister 'ldfirr'r1:noao{nltrurfluvt^uto{rdr:il:snou

egs fr'ililarlirniouurlvu^er lduri rjnr Silverside (Minidia meaidia) :Jnr Nummichogs

(Fundules heterocltius) ilar Wir,t", flounder (Psendopleurconeclitus amerieanns) tragrJarlun

(Anguitta reestrata) nujrn'lrrurfluil-srordr:il:snou ass ovffinrfroEj6nrflunnrurudl tz

drj or r ri ua s n : r il rfl u fi s r o r ar : il : s r'r o 1J AB S o r,*^u u', n du d'', o.', ru rd rL ufi'ru du ( r a)

Canz'ldvrqaoql#ar: Fluorescent whitening agent (FWA) fi'lrJar Blue gills lu:ctJs

{?a1 3s-70 iu usirdrorn#urirrjnrulduuluii,darulr,,uret:?06Youdr: FwA lurdorjal

wyirfiar: FwA $u^eu6urfi'ululjimnrfirrnn'j'.rlurilfi"ruu, usiffioilriln'tulr#uluiilii

dsolo rJirurar FwAfifiodlu,durjuloronrirfionruohjnrulu nq iu stu* 'lddnutn?luCopyright by Mahidol University
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riluil^uclosefr: FwA tEiurTu ri'u:Jnr 2 su^a do rJnr Blue gills ttnsilnr Chanel catfish (Ictalurus

. I i - Ao o a u r I dr . -, 4 a u t a tr
punctatus) ilu'i1 fr:vnufrrnnlrurfru:Lyrdurrrirjnrfirir:efi'jr{ 260-10,000 finanirusion-fl: frs

4.rn'h:vd'lr : :ilslfi ( I 7)

Schidt [tou Mann ldldar:rJ:sf'routo{ Sodium dodecyl benzene sulfate lun.:dn

rolonfi'rrjar Rainbow trout ltu'it fi:sol'un'rtrur{ruqiu 5 pp,tr. osr,irhi'6tra€onfiqilner^rtnsgl'Frtiu

oiorurn^onqnviraru drnrr:rr{ru{u4.:n,irdrvrirhi' Respiratory epithelium flo.t:vulJt4tu10

n^n'r: uneilu'irlurilnrrdruorfinlrurflufiuro{r{{dndonilrnn'irlurilriu, Badach'ld

vrqnoqdu.:ildl Yellow bullhead (Ietalurus naralis) lutiliifra.tt:J:snoufifi ABS rras LnS lu
f4drYtr

rJ5rurcu 0.5 ppm. rfl unnr z+ #r Jruq nu'irfr nr: nJduu rril n{ru^oru^ofi fl urq ln urieu:Jn ruuos

oior:fun'rrruflffn (Taste bud) qnvirnru virlri'nr:drudrrrasnr:nrorilr:cJorilarfl^eilner^

Pickerling ttdu Thatch".'ldrirnt:yronosner:.Jrflufrstol ras fifisioilar Fathead minow lu

:vueu'r?r,{rljrrir4rqoto{ LAS fin::uorJi:rlr?fioqiludrTdlprelilriJudusr:rueioilar frrir

:J:s:Jrar 0.63 ppm. (18)

qinni vrilrri:J:vnr (tg)'ld:rurrudsar: LaS drovaarud"rnrsfi':nrn'ldrf': usidrfi

nrrrur{ru{ururn ovr,irl#n:surunr:aarud':ryv$nar rrnvrsrirlrflrjnrsrruld lrusri naraiaod
fnt I d d, a r I d @ t - J t , - - | s
la:'lu{1u?1 LAS ocun?lilliluilugroilnlttuutquil?'tnilil1nn?1 ABS 9t{r[9r 1.5-4 [7r1 tau

Y.9ty

rqilrcdrfi 'hifr I:r:i rrjsrrirrdufi n::Lnilnilnrfl crordrqq

rj:vfivrr^" nnAun^:url (zol ldfinurrfiu?drLrusfinrnlon + il:vrnv fi^u^rngu1uil:srma
rn ia dr dr 4 d ,A a sr i q I Ilns ry{il ABS [iluo{nil:unourio u:ef llflil lfln rrne:ulcr m:catun?rilrrrJtu 5.0,7.5,

tt

10.0 rrns 12.0 ppm. rnru'jrr.mfindonri'r + rJ:srnn fir'l^usio?iorltil Jnufin'rrrudrurnTuffii:sd'r

nrrrur{r{ud'qnrilr rrasfrsilu'irfi:v6'unrrrur{ru{u 12.5 ppm. fip.rasionr:roiqtot^rlotuasnr:
o d : a au d trl,, dr 

^r{dil?{uq{o{1{ouljtJ rtasu0Rn'lf]u fll:5sila ?aannuil (21) t9:1u{lun?]ilr]Juv'lu1Jo{
i<'14ilil

Fastacyflreror.Jnrun flrr,lourirdq nndrurflru unvrouul{:ru frrirrvirrTr 22.8,43.4 rtav 25.9

ppm. orudrd':-t
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3. r{an:sytileiofis

6:frn6" rrdarirs Ozl l&frnw t{a{o{ Hard detereent siofrnnv#r srr:t?or rrCIs

r | 4 s q9 v I a 4 j q g 9t
slJl\tJll?llJu? tglutryzu{rynilon 3 uua flo ABS,, ABS2 ' tlns ABS3 vt:s9tufi?'l1J[1u1u0' 0.1'

0.5, 1.0 rtne 2.0 ppm. t{u'jrfi:vd'unrrrurdl{uclorttrd'ndonlrys 3 su^Fr fi z.o pp-. osfrarnrir

ova iq926l ^ ^ s 9t I i I o o" A o d vut, | 4
r?r?\|um rr runl:nqnorrniaJlgt^llfldtndtryomn?unil il:e6YT5 naufl:rJU u{ [qnnl?n{nt:

Tqno{fl0{ Paluch ttdu Nogai lnutdAr: Anionic syndete .Tl?fl Sodium alkyl aryl sulfonate,

alphenol ttrl& Sodium sulfonate lril'jr fi:sd'ilnrrrut{rur1u 50-280 ppm. ovf,idlnl:{oflllnef]t:
A a s I d ., ; raAl t s6, 9 s !, -o I a

t0:iltgtu t9t10.::lflruout3Jaqn? nsiln]iln t{u 11? tofl ttayfl'l? tlto uonolfluuu{ltp.tnno?rtT

r.ir,,nrarn ir0 ?irl#rryndrfiufrfi uHruld

Agami 'ld'rirnr:finu1d1:rnfrfirflualvqr4rl#rfior.ran:vvrileionl:rt?qtnrTntowl^t

rirturotuqj (Aquatic macrophyte) Io o li r n r : m n a o s l#il{ dn vl o n fi fi n'l r l rcltJ {u lu : s 6'u s

[[ay 15 pp-. fr'unovri.,*ao Ludwignia stolomifera, Scirpus litoralis ttdv Nymphaea caerulea ?lLJ

'irovrirl#qrou1ll'lrrlrn3uru hfirfiotrrifidnususfiorJnfr uasfiturnr6n sarrai 'ldrirnr:

mqno{wudldt:aqlt:{61 fia elkyt benzene sulfonate 1u:sfiinarrur{ru{u 2.5 ppm. ovdtul:o

f,sfflnr:to?qtfiulortotfigilr putu*ogenton pectinatus ttflB Paltamogenton densus lu:ygrlu

nrtrut{r{u 6 ppm. osrirl# Paltamogenton densus enunrulu V iu uon01ndff{'ldrirnr:

vrqaoleio'lil0uilil'jtt{{dnilonrirh{ Cpoplasmic membrane cro{arilirafisrrJn6lrJorn

D::ilslfi' lqutqilrvarrtirufirfiursu-e cladophora sp. l#nrrruufu{u 1.0 ppm. drililarvrirs

vrsrarffo'ldirarsdnv{onfifin'rrurclil{u 1.0 ppm. rflur:nr ge f:lils rsrirl#nr:ti'rrn:rsv{uar

qnfi:ld.rnr hldr so uJoirdud (z:l

I a dl
4. r{af]:vvlljno0aunsu

99

runn:syrueiofion::il,uosqn^uvrEd lunr:eiouanrur{r6'ndonfiu ovduoqjri'ufloo'u
gtrt

yt1{dfi1?str?qdoilsi1.1 .'l fi aluil:snr: d'{fi

a.t :J?rtoroonfimufiasaludl fl rnnr:finu1flo{ wayman ttdu Robertson

nu'jrfl'r:dnrudrmxfi:n'rn (Biodegradation) r0.rr.r{frnilonnruldanrvrfifioonGrou nstfisl

& ugt^ | o iu
zuu [qqn']1 [uflRlnm hifioon6rouCopyright by Mahidol University
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4.2 rrqolfir:fifioqjlur::rrsrA' lqufr'r'liludr urnfiGudror#uoqjlu
,!ar^ailtj

rriln{u1r:5uy'tel0sGy'|rJ't:n0oudnluouyt:ud1:1urir'ldirun'ir fiosdouaarururdndon ${
,)

drdunSuar:ludrnrusrud'r uunfi rEudsdouanrunrfrndonsio'lrj

4.3 Haloorson ttnu Ishaque ldfinurvrt'jrqnrn4finJduuEttfl 25 o.lf,'l

rernrqud rflu r0 o{flrerardud ovrirlr?urnfiriutd:vusmnrlunr:doudalut{{6flil0n
I Y , ^ d d I t,o 3

Liquinox(ABs) ufirufru unvdrnotqcuv qfia.rfrs z o{f,1tcrntfrucf ntsdoudatute'[rjtiletr*utau

o ia I r6t , ! t oga I d4 i
4.4 d',l:TtHvtr00lluou turr?1n{u'l 0efto lillnflp{af'l:uylLJ9t0[tunmt:u ry{q

osfiruasionr:darufr?rosnndndondru rsiu dlfiiornl:wruqotrrrrn::il iorqfifiufildtu

nlsrnun:drnnfrrsoqjluurnrirrir Fuhrmann ldfinurrnruj'r phenol fi:s6'ln:trurriru{u 2 ppm.

osfiarnsionr:douanrusr':il1{fr?nr}rro{ff{dnrlon uav0udarufrrldnlqnrulunnr z-g iu

' 4.5 flR1iln?rilrfJun:e girs ornnl:frflH]lro.: Glassman uov tvtolnan'ld

:1u{lu'j1fi:vd'r pn rflunnrr arcdnilond:urryr cationic surfactants osfinlrrutfluil^usio

rrunfir3uilrnfiqor rrav:rrTlln?rilrflufiunsanrlounrrfio pH drnr rirup^r.:d'nvlonil:vmvt

Anionic surfactants fi:vfru pg rfJunnrs ovfin'jr:rtfluw^sdottt-lnfi6urioun'jtnrn cationic

surfactants eiru fi : s du pu d rt rdr o v fr n'lrI tfl un^u rfi ruru'' ndu

4.6 su'erro{dr:nsru:rfirfir ornnr:finu rrirulr qjvrrir ras osfi nrrru

rflufisdouunfifiurrnndl ABS lrau Nonionic surfactants osfinarltflun^udoun'ir Anionic
I

surfactants uon0rndn?rilul?ttcvfn:d'prriutfr'ltorlrutnqnto{ Surfactants fiovfiriruvirl#fiu

t os r.nfrnilonnjduuurjar'hJfi ru (z+)

r^rqfrnilon rfluar:il:vnoum{lnqjfrr6un'ir Sulphonated Fatty Alcohot ldrilunndn

ylon'lddusrnoir.rornar.j ruiosorna{fip{n^o,ilrfiilrufr'a'hJara'srotn'lclfu:ril?rntusfin rfiolri'ld

:J:slorrir,ra'ruod1{ niu a{fi1#dnfirlr?cn'rasoreos'ldarjfirirrurornn:sr'ltriufifiqoarato
t-

q{ 37-40 o{flr.rarfiud do.:ldririouriau6cosfrn'ldcn'lavoro drl#rirrdutshflrundr Htfl
v y ! a y a 6rrr ri o rn - d+ ,i- ^ 4 qr..'.!---=--- a
dn6rsilrruu0s6osrdonlsflU14ruan0tn trilumilnflnsnrue'r n]:[nofl lsduao{?\01:culrnonCopyright by Mahidol University
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r.ndnylon6sl#dnffrldvrfl su^er usi

q9) a y 
^ 

j a - J d utr)t a o Grr) | u
tsalil5ua10{illlrnvfl'l:xJamuyttfl'lsu9 9t{uu 0st?,tu tq?ln?]iluutJ tun'l: tfldunna{ ilulJl

vqY a I q 4
lsH{ ryfl Tt ofr n u il't f'rfl u

nr.:dnylonfin?'rrJdrrJl:avrusion:q'ldlrnn'irarirfieldrTurirn:vdrcrnfiornrnfitdu:J

runsunnrduil0sasn'ruoqitudrlil;urfJufiou dnfir'ldasqann'jr 'hifirirsrn^odulurir,fin

aru:aldtirn:qil5ornf,orfiodrul#fisrnriouar url'irosfrnoon'hifiilq6'hifiruaov'l: firrs

'hj r q ru r n u-n rvr : r v'hi slo r dn ri r o qj u r u ru ff o u dn dr u a {
o d r r'l : fi sr r ru a ri l'fi 1 dd ti'u ff r fl r u u a v ff r a^u- u rvi r riu

{on^I r: nrr1u n r:16o n ldarj r.r6o r.r.rdnl lo n fi drfi
. ro9u gt A& il dt I h 14 ^ a qtl@ 9t 3 9)r) a{ldrTufrrfiriJourlou rflua:,jr::ruor'hifiar:fis u^url#fnfirtfrorx rrr fir

Yrod?u{rrJ rdri:J:vfi q uasnse[:?
- ,ioq,,o - & "rA& dt , ,i r a A A va2) duvt tsdl?t:LJr?l0nlTrljouu'Ifl rlju3fru5::il01$9r11rri9r1{Trrf,HrTl0r}r:.rqildilu9l

lunr:firnr,uuru'rru,ndu droroorfinl:r6ildr:rnfirieunnnr',unrrd',unuuri', uavrnAtJ

rj?rurarrolor

3) ar.rd'nvlonryu'qdosrurnl#riufirrdoudourrncdndrufiorvirriu 'hjnrrurvri'urn6o':

v gt q9,a I ! dd dcrnru1 tsctrfl ru'ltu0u1{uavdarqt:?
9r

4) ru.:dndonsfrev{orurnt#tiufirrflouurn drdorunr^r:J?rurarnr:rnfifiov'hj,ilrur,ir

n ?'r il 6{v o'r o fi il o { il r n rr r r s dm :-r-r 1 #fir.rrnio r dn fir

s) rurdndonryu-qv'los#oer 'ld:-rnr:r.rn^srduuroo1#fidorrlouar drrir1dri'rrnios
.9q9)aa14 l

ryn t{ r ru q fl a { tu tJ r ( r'umbler) ril : rs fi r n fi d o s ru r nrfi u'l:J o y du o o n ru t R'r uu o fl

q a4 s au I ^ 
v I tu a d tn I A Cgtgt i- a<-

tulJ001Juu:uvtr.rt{aqr{{ryflTlon tlnsdililn0yraildl:du?na{ til tTlo t14fl'lmryf]il3{
_qgq

- A 
" 3 A v I ur s I d <a f

Sfumflnso't9u?n tuillfrfluruofl:sytuf'ruttd{lrY?1.{ 14'rf'r luR:vvtuflurtd{d?1{n0uilfynalq

4 A i 4 J o:|4go ilAt ilotut I

tl4uoutgrJ ruo{o'rRrlr:du?auuru rqynfiu'ryr}rof'rr.n r?rrr? unosliltnn^olrduls'l{ uof'ro'1fl

l- o I a 6 A id A 9 r 4 dr ai, qtl a i
uu{ilrYl:il:ynoil0flsu9t?1u{vtr5uflsovl1{fl'l:n1?1 CMC ry{riludl:tnilvl5?u n4fl'l::Jailuvl

! cl I 14 | e l, 14 t6 d 461 q | ,o
ilaqoon0rflrflu ruuc? rilflnulr'r ruererofl d1:rnfitur.r{dnvlonfiorovirdusr:rusiofi'l?afwoc

uUn,i 6rdorlddasn?lrr:vlr-er:vir (2s)
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q I iolYnl " A s I a a I
il{crnfl0f'ryt ts tunl:T9rc{o1Jn1:T'l{1u10{ltn:o{ctrnp{1 9l1ililt9t5s1ut{aqRilvl

I

qa dril n: :il uon. 1462-2s+o'ldrirvruol{drfi

4 | s I dqYa A u ,)erl:1{ti 2-1 dl:rl: v noil ilo{ r.r{rynil onfr lf nlrnso{ryn fr 1il ler :s lu (26)

daurj:snou Sosavlnuilaa

n^rfi uflmd uru 6'n fi n ru u fi u da Jd ru sr

(Linear sodium alkyl benzene sulfonate)
ia' i
1l u fl 'ln ?tuul?rqa u1 0{a n lqidn rnu

(Alkane chain) C,,-,

0.75

o roluluatnsrtrrlnduonnosod

(Ethoxylated fatty alcohol) Cr2-r8 (7EO)

4.0

. a{Iwrdul (sodium soap) fifirirn?lilsl?

t olqnTdriludn:rriru c,r-,, elo cro-r,

rvirfiu$ouns es sio#ouav :s

2.8

o src fifiar:nndo.: (Foam inhibitor) ttut-t

rqiru{u 6a'nou9ouac s

5.0

o ludeJil'lm:wofiyloarv{a

(Sodium tripolyphosphate)

25.0

o Imdurunrflotilfl (Sodium carbonate) 9.1

o rnfioluduilro{n:nil'uadnuayovn?n^nfi
fct I S a I .'

og tilIlJllo{ tnilonlilO: (Copolymer form

acrylic and maleic acid) uio Sokalan

CP s/BASF

4.0

. Iryrduilfifirnfl (Sodium silicate) fifio'sr:r
ftlvl

d?U SiO"9l0 Na"O tYl'lflU 3.3 9lo 1

2.6
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daurj:snou frosavlorsruaa

. nrfiondrruvt^arwnglaa (carboxymethyl

cellulose)

1.0

. lm6a:rrofi6u'lnorfiuryryr:yuofrruer

(Sodium ethylenediaminetetraacetate)

0.2

. ooilvr^n'n'l,lrmutuof (optical whitener)

drrirffrfl rurtuu dfr nfi il (Stilbene)

0.2

o Imdsildnr?,|fl (Sodium sulfate) drriurfju

c{t:rtoflnoilyrrfrdt (Accompanying) nio

tgtlJ

5.7

. rir 9.4

. Jyr:fr IoTndrou'lryrin?nd (troteolyte

io
enr1mre prilb) fi fi uonfr?fi (ectivity) rvirfii

l1mAU/g

0.5

. lvrduurilofilor:nrmn:vnlsrer:et (Sodium

perborate tetrahydrate)

20.0

. rnyr:coyrctrvl^nrofr6u'[qorfi u

(Tetraac etylethyl enediamine)

'3.0

z. z nr arrufn-a'hJrfi uaffi r#ulsa?r

rdulufilddrr.rirrirlxr r.r€ordudru firJufiro^rdrro{el'rrJr::rrs'ro^ o'rrril^s dni $ns
6 dJ i ^ J s a i^o, ' od :;- d

ar:duyr5rr uasfrild'flfruorninqfiufrfilsirdutu inqfi:Lrrrirfrrxfrrfludrfrrn-eilunrilr::u

srsr udrrirrurd'ourJn.rl#rilurdulu uxfirflurfiu{r1Eei1'r 1 drrur:':nti'urcir?irl#rn^orJq^ffior

rnfr:aruiTu rfluar:rJ:cnouryu^qt?rri fiqnrarurTn^rirrflurdulu'ld froqjrurnruruuaruAusfie

rduluursfinu#osfiriruil:snolrrffouri'u rrdarn^nornl:qsturioil:srrdeir{ri'u osfifio

nr:rir'hinrfrouriu rsiu lulilfiroarnofiroqil:vtvrao'tnquGun rvrofdu (Terylene) auigCopyright by Mahidol University
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oril?nrtSunrnn:ou urif,:luGun rmlmsou(Tetoron) uonorndudrlusu^nrdurrTufi'riiorirbJ

rirrilurdudrueirsuuufiu frifrfionr:drsir.:ri'uoonhJ iloqrTufinr:druunrduluoonsrrrriru

il:cnourrqrnfirflu 4 su^el (zz) lduri

z.z.t lurrynQIaa firi'rurJ:vnorrflurwnqTaa 6'urfJucirurl:vnorfidrri'rgaodtA'.r

1ri'n^ry6uduogild 1urwaqInatflutufrldlrnrnfinni*du hi'jrosrfluluryu^nle 'lduri

2.z.r.r turwnqlaar::ils1er' 1o*rndfi dnuilyrfJuluoqjudrlu

r : : ru srfi d r ru rdsr uiln qrsi qer^ilflrs 16 nrio uff ldil : y lusxf'ld rsiu ff r u a^fi u

z.z.r.z lurwaqlnarl:r6uf lduriluddrrwnqla ar: :rurrfifi orofi

anrwr{luluuiofildfianrvuflult'r rurrirrdutnri1rflrflululftJ:slusd'ld usiniuailfficros
Soala

lqrae tndu{n{tfttJ tTu r:uou ltay 01ry[q9l

z.z.z lu lil : 6 u fi o1 ufi 6iru il : s n or rflu }J : 6 u fr #.rd rfl u lun : : r: m6 un v luil: vo-u f
z.z.z.rlerI:J:6ur::ilsrst^ ld'uri tuil:smrclu rut r?orn:rros

dsri rirrurldrflurdululdfrufr drd'ornr:1fi'aaurrruovd'ourja.:rlrsrfin#oer reiu qrufrsr{ cru#r

uncltlolilil rfjudu

z.z.2.z 1 u }J : sr'u rJ : v 6uf fi r ru r o r n rir u :J : c no u Iil : 6 u t o r fi ryr r s

ryfi sr u6o Jrl :6ucr o{dfl { rsiu lil:6 u o rn u rr }J:6 u o rnclr ?Iil q iliori'r rfl u du

z.z.l ludrrn:ry?iornar:rnfi rfl ulufi il:yo^uf,du ornru?aDlEil n1usfiq:T ilfiu riru

h.r qjvr u nrrruSou qs hi 1d

z.z.+ luou^un6rl rflulun::ilsrfi uayludrrn:rsd lur:::rsrfifiluu^urfrussfrsudu'r

u u nriu,fl u lurJ : ror^uf rsiu luufi'r o v q ru^rfi ur un s m o{ ril u du
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z: In:sa#r.rrosr#uhpir

loufi'rlilln:qa#rsroqdutufir urjroonrflu z dtu (zs) ldud

2.3.t. In:sa#rlnreruonto.:rdulu ilrurerdr dnuorvgrJir{R'rulroRflorrdulu ldud

n?ril ur? rdu airgu rina'r{ n?ril nyr6uq n rnd'qfl ?'r{ lrasfl 'r:r6nrororrduteJ

2.3.11 n?lilul? rdulufirufisrfi 2 su^or ldrui luura (Filament) unvlu
9l

du(Staple) tuutldu'l (Monofilamen0 fl?oluur::mr'ilrfie,firu'lurdulu (Multifilament) u6o

tuur'l::il'hi{t#sr{rururdutu (Filament tow) nrilrJnfiluurrfifirGurL rrsid'etuilnsfirl#frfr:
9t-9

rtsrnsirsriu'ld tuduunil:srutat t.g-45 rryusr^run: 1ur::rusro^ri'.rnlorflu1udu snr{ulu'lflil

1 u u r'r : : il'hi d r rTn'il r u : u do s fi r 1 #il 0n ri ou o*.: 6 rn 6 u r rfl u rdu dr u
v

2.3 . | .z I u r o 1 u fi n'r r ru tirn'rg ri o g :J a'n u ru s ua s rfi o dil il'acr o r fir dr rfl u

tc?uloflurilriourittrnqj osfirl#rdofililuru n:ydx uffs udfirdoillfl uasmuu:srdu'ldd tu

r::rusrfrfia'hirit'niafrrailo uflneirsfiuilrn rw:1yn?til6yruX:ai'hirvirriu nr:ior#urirgud
^-.-.--e-tlg--- ! g dt d 4 d c s r q4 rr o
nn'l{lvl'l [9lu]f'l u1{nt{nv?alilun?]ilac[0ejq qusiln?liltY1ncuq0q€u6rilx9t1o.1r6'u1uil'ln

2.3.t.3f,nuilsnrilrrx grJir.r riodnuarynrucll{rollu finarl

rirrTtyoionrrruriu n:rruvloot4 ufofirfi'rdrufia ,,uududrur,Tocror#rilrn d'numvnrrucr:rrrorlu

t::rurrfihir:JdsuurJa.r usiluil:vouf,nJduuu:Jnr:JilrJqst#rilugrJnt 1 fiqararrior'unnsir.l

fiu'16'r,r n ruuuusri:Jdnsnrvror grJlurrjunqrdulu

2.3 .t .4 ru^: tdu 1 er (surface contour) r#u 1 er fi ldlu n r : ri r rdu dr er fi a'n u il s

m rird'sr r ra r g :J i x r rsr nsi r.rfiu

z.l.z In:ra#tnrulucroqdulu rfjuai:rJ:ynorLrnfr fi ::lsT:deriurilurduls rfl u

ar::J:cnoilIrutaqotrqj (polymer) :J:ynoudruTrurnqnrf;n 1 druaururn fifrqorarurifrodx

rd ur fiu u6on flr utYuG sr er'rfi'u rfl u q n Td ds fi dnu ars n lru urlflu r ur rL'lduri

2.3.2. L 1un q a h.r qj fi rJ : c n ou de e, ar : su-q rd u : riu (Homopolymer)

z.3.z.z Il rn q n 1 r qj fi rJ : y n o r d'r er ar : rn fi ao {ru^n (copolymer)

2.3.2.3 hrnqaluqjfrrdersioflu Ioufiar:u{durursiodrucir.: (Side

chain) r'irl#Jn:sairslourieu:aruderrTu'hjurju rflnoonriluEior (Less crystalliniry) Ilraqn

uurdqer fi doru rf oar:rnfi r{r'hJludovjxdTdilrnCopyright by Mahidol University



ilucngl1n0'la0 ufi l?nulauuHnn 1n.il. onnJulatfi rfi rrcailrdonr:fflurilifl sr n7) | 27

aqd
f't'l: t: u.: 9l ?uuul] 2

4vd
n'l:t:u{gr?ttuuYr I

nlfl ii 2-t dnuarvnr:rE usd"rrosl.rillraqa

I o un r : d r'lil rr'.r s^er ri o u fi r
a9tolyltdu tu0vrt

t94 d o qr l O 4 4 4cr{il t{nT1 t?tt6Iu tur14 u u?lJu il'lnttns u9ln r : ri r'lil rr'.r s^er ri o u fi rdu 1 u r s u{ r d"l
!-ee)

u on ornfu f,sqornrrrufi u'ldlrnfru

=

finsilsriounr:dr6or
va44
nnsil&ff4{fl'l:9t{u9

o,* d r-z frn u ar s n r : G u.r q'r ro r lqilru rn q a ri o u un v u fii n r : drdsr

I,ri]ruraqadru?urnr'rmrird 6ofi'uoqildd:uu: riurorof:rad (v* der waals) unu

h s I .. ' , -. y s rs d a v tnt) | h 4 91 6l"[uTfl:rourouri (H.bono) dr]qilrurnqnGusBoriu"[6rurnrvir"l: nrrilr?tilt ']cJortduluovtl,'t^il

3 ,J
fluulntn'luu

dr r iu rdu t er dr rn : r c ?iar ru r : n il ir il : r ua v frgll u r n : v u ? u n 1 : n fi sr l#rdu 1 u rE e, r frr

fiururnfiu1d

frroon'ldrrn
g

4
6lJU
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2.4 qaffiilrmto$dul€l

t, q d qa I q a i 9l q o clLg d - s6
rdu turJEfudrJUgrrrflnn'r{Ru9rlrJTuqrrnvTil'110{r6Yu tu vrl tfir.rlilqa{flillJnttae

u t q qa , luct , , 
"i 

u | 6t @

n'nsilsrrnnsirrii'u qildilfdrfinrfr'tr{un n':r:njrld nr:qrrn:hH'r ttnsn?rilurn{rulunr:erel

qmarurior^rorlu fivi{firfluqcuarufn^filetnd uavar:rnfi lqufi'rhJfioqi 13 ryu^et (29)

u9
tFtttfl

2.4.1 n?'.uJU'l?

fr fi r u ro n'lrr: Isr r or rdulurvirfru

rilfi ur'hirvirriu uaqrhlrfi uir

rhrrq;4d1tl9tu
r rn n ? 1 il u 1 ? tu lvt 1 fl u il'1 tJ u [lJ u [fYu 9t I u I u 

-t 
9t tyt 1 fl u 0 v il n ? 1 il

fl ?rilur?ro{1ufi n?rildilfru'fti'unrrruril fi u?uo{

et a y o&.'o I a q q d+ i
9'lu0vn4uu? 9.t10v1luvt]u ttagiltuotsuu6r'lnanllf'l [uu1? tuvltJfl?luul?ttJo

r,irrflutdudrufiA{fln?runrfiu'r lourqwrsrfioniSe,urfiuutiulusfrerder'rriu niu rflororluilru

JAodryetdd
6YUruOvtlrljUrfYU 9',lUitViln?1iln4UU?nnA{

^9H?r.r1il'rn

2.4.2 n?1ilrJu
q dt s6o il'

n?liluuruuqa{dililn tu fl 1: dvvrouuff {
Aatrdon?]:Jnu rfl901nR1:dvllou[lfl{10{}tut:eJU 0^st3u]Jilrnt,^casdgu$arilrn lunn:Jarilr:61

n?rxrriuuo{1sduodfi'rdnuilv:lilrEuucJottdulu rfi orirtfl u

cir ro rr#u tuu r ? ?r{ zu u'r u fiu Ie u 1il

2.4.3 ntrrudru[:spr'l .
' Y A c qt I s dt4',4 I 4 d d--^.<l-.

il]yt0vul:J1t,!,il:v tuTu t9l9t ttaunuillu ao{iln?liltiluu'l n?1:Jt141-lu?tuu
t)

n?'urdril1:olunr:vrusionr:fr.ru?ofincJrq finriasrflu rJoudlqr:rtu^': lt6o niil/ciurnclo.l

rdulu (rnuflo{) luilrsodrsrvfiesuarurifrrufiurrnArudurruioriJun trEiursuu^eroloaen{ u6ohi
q

rjttilauuttua$

os1ufi n?rildilfru'f,ti'unrrrutil fi uruoqdudru le

n^rdrufiaciourjru fr tu rn:rvilnrfl lunouduutuu

n?rilr{rdalarorrdulsrrrodxfi

asdouuat'lddn'irluuru
9t 9t 4 It a 4 gt 3 ro d ,)

lctu 91 1 u 14 : o r.r 1 0 u il u rJ 1 fl 14 : o u o rJ I u 0 g n il ? r n'r : t{n n.9l 1 0

tt a A 9 t'4 d I dt - '
t1'ltftau? ?t:otllltrgrrTlu{tafl uouoslllulJut{l'lll'lnn'irludu
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Al
2.4.4 n11uuailqu

q-.aA!a44--vt:y4rjoqtqnIja
grlUvrugrfit/u9r 0viln'l1ilnua? uuulj tq n?1ilu9r14rJu1r1r1l14 tg trufl'l9t{]u eli{rj

o q 99 I 4 & A | 4 v v ls s q I q
r.rnm'r n4Fnulravr.llrt4llu?1u n?]ilu9r14tluiln?lilduTtutflUn?lil luugl? n?1iloou9? ft?liln{
v v t6t rr4irr dt -oja- y 4 o ua , j- vfl? nl:nneil tillJ tgr{'lu riluqi}rdilil9lmilnnui}lunn1una.:nu qfudiluarflnluilR0sog:?ilftu

lulusfrnrds:riu

2.4.5 nr:drn?rilYou

firosfi n:rrurilil1sdilriun1:dlilkifl 6okifiuodfiuRr:d1n?1il$ouqrorrdu1u

lufidrnerilSouduacrf rrililrcdriliuarrukiluqqSou ryu^qddrnrrrugou'lil6nr:ldluqq
r o iu,-o t dg)dt 9l v gt -o!?rur? rfrumorfr'tri'rirn':rru3ouosl#riJuau'ruflorfiun?rrugou qaralrifrfiuon0rn0vrflu

nildilffi fi fi odlurdututo{rrd? R l:yro n1:#n uasnl:erRusic fisd rl#nnrailrisidne fl SoruarJ

]ru o: 
t, 

dr r r er I -r r4r ure/ ^' t"-' ^'ru re r.r'rvryrofir{ cl rjrio{'jrr:sfl'jrsrdudru ornrenirulrjlrld firriukiu#':oshi#ou firfi

sr n usi r lr?fr cr ud rjru n rr ru#o u ri r uril'ldu r n ffrryu^sr#u h?n ?ril or €ju 6

{
2.4.6 n]:qqn?lilsu

o.'', u du,fl u n ?'r il d r il r : n 1 u n r : q o n'l r ru d'u o t n o r n 1 f, t{1'[{n r e, lu rdu le,
9.r9.99

il?rurunrrrudufi,*^udu,fJudn:rriau#uuurnuu,i,nuh,#r1o nr:qqn?:rilfiu uac:vrfiuooR

oeirr:rq15'lfin'lrrudrn'tyoioqtnrvr unsn?rildse?ndu'ruqrorfra:ltei :arufrsnr:?i'rn?'ru

duorer rduluoenrrru#uldhirvirriuusiarilr:nrirl#frruaruilrncJduIdd?un5:ila61unr:ruAel

2.4.7 n1.:',ntn?lilduo]9r unvnl:dn
flqiaodrluaao-l4Y!l

ldu tuYt]rru'tu0u;1ut:u1J rsu i.l1u nuu rrasrsuou osmln?1udso1a to{lufl?l
Y o o d tY r q 9., t, q il e v dt a - I -rdu tssuetou 6'l [el0tetn[oirl#1u{dol1#nrur:sfsr:sisriJu?rrf,u uon0lnfua'nunrs]n:.r

aixfirfifir.rasionr:iiruryrornrfl rdu firuiozir{ orflrflqsrirutvrlddru irnvrJnsl^tduluil:cmrfi

fi q ararurifi hiqo n':rtr anrJ : n fi nr^:: ru rE m dn dr s ua s u#{ t$ ?

2.4.8 ilfiffiurFioar:donrrr

rdofilfiefr :uu,ilroudouriorirsd r n1;v'lonr ::ruqr'hiororirl#cnr'ld'fi r

riludo.:1#ar:rnfirrsu^nrilu dlTTlonfl1?urrru'ofio'usr:rusiorduluiltn nr:donzur'1fild

fiulqufi'l'lil lduri Imdurul a}Jnao'l: d uasunarfi uillalilnnol: p{ fi fr drrljruluil o EriufiCopyright by Mahidol University
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rflufiudrrirr{rornauigorruinr rEun'ir nr:doncrrr rrnvfirua^ntu:J:vrvre'lilsr3un'ii 'lsrqrof

drfi qaral:ifi odrudtr:flu lufi nueionr:rlonclr'l'ld6 tsiu ilru a^fi u oofaou tnn: ou'lnrun

rrasludsrn:rrr{oou "t eiru'luru zuudsr{ orfirfler rrasolunou'hinr:1#ar:ltlonqrrr Jeu

raursar:rJ:smrrirfiosfiarnrirhi'crudn{nq ilavavntu'ld usiodr{'l:finrrufif,ir,irhflilrufi
o Ad

fi?l:Jt?luu?tlltJ5lJu

2.4.9 il 4fi:^ureionlil3ou

q ar a:r for^l u n r : m u si o n'r rru Yo u du o gj fii rir u rJ : s n o u t o s 1 s 1 u rw a q I a avr u ld

6n'irlu}J:6u terr::ilmfivrulddn'jrtud{rn:rvd r;ararurirftotlorilur.l:vlurydeionr:rfiu
9

:hsrlirnrrlJfl yora uacnr:6q#rfi :vd':Lqrur,rqru^rnrutvdu uon o infi luu n:l : vrnu rsiu lu
-lAoutjoo@oqtr^tlttil9)d{rn:1v14m0u'l tlj0uvtoEu?{RtJ ttnsr?CI101f]o 0syl1t?ltf'19rfl1:fl{5il t9l9l?uq{q

rd
2.4.10 n?1tn{iluaorila51

n r il :l n sr^rfi o ffr fi n rr ru du un v'ldiu q ar u q n-fi o r ej u,d'u ul t t'' fi fi o qjlu o r n r n
A & tt a & dt . o a ,J --€ - t

rraynRrft'lv9t9trdofl'l 0vr0:tu{0n{r1rJl,ilrilu19ro1{9r''r r?,lfl[tns:'rtfia1xJdlu1:fit0:tu{0fl{'ltltta
q ja vt, | ! 

^ 
v d q,oC q a ' vtg4 r r<

rqil'ls tuilrlluol?t'l: t9tlvtluu tu6t,itn5'lv14nv tuilluo51 [e,0lctrlgl9tvtu$ro:1 [qattgrol0[uauu

fi lul uac.uudn{uu'[dlu:s6'rilrunars usidrrfi:J151udd, unsfisrrrnorordoruanrvr'ld

2.4.1 1 n?1ilVtUltd{ rtavo'lf]'ldR'luuon

l u u r s ryfi n r d o ru q m n r vr 
ol 
dri afi u s ds l {o u u o n ri{ fi 1 *i ri'u r,Ta ti'u ud { uer er l r d {

usrqfir{neioln:{dgrwo{rdululquororirl#rdutudurfluu,Sr drtnsr'ldrrnnr:nJ6uurflufi

rrf;or vr6of;rvrr luurrn9rua.ruoefifiil:vlusrilunr:ylontrldulsld tdu nr:vlonltlfifiu
4 s y y 4 i^ o oat99 4d- & ..-!2t^-.^-,y 6

ilton1:rynr.tlqlil1JlulTouyluutJllltJln1nlt9t9t yl1t14p.t11t't?tJdl'l?lJ'.Ifl1U ttnn'1il'lf'luf'lo1nm'l

6rq;o gl A u9
Ifl tsatl16{0ilnatRlTl t9

2.4.t2 rJ 6^nTuroi ori r r i ra v n: Er

A I o o A v 4 9 ---q--e-- A 9)

FnuI::US'lglgt1{0UVt'lAlU luyliltnlndfll tlnvn:q0Un'ln'lU IU1lu'10]nilS [[11

0srfJun:eodxeiouldnsnrurdulunraosr:rndorryfieto{tdulu'ld nt:}loncjl? n'l:nnrtei.1
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lJUcn9l'1fl ulnu ruu111lula0l|il9a ?yl.u. 0mnIuIa6fi rtrurrelrfionr:rc'arurniilsrn:) I 3 t

u?onr:&oruoyrir'lddrfiu.:loruiohiduogjfi'urieudrufi'uf fi'urJq^ffiurtorlufifrsioeix uasr'r:et

io ogro 4 3
yt ultJ 1 tryn'llTlofll: ul.l dl

2.4.r3.n1:qqAfloil

n ? r il 611 rJ 1 : fl 1 u n r : q or fi du u n u o fi 'r d, o qj fi'r q ar aru :i6 t o r t#u 1 t'r n l il I il i s 1 u

nl:vro uiotTn nrrru#ufi fir rrasn?tildufi rdulu

qAOAI

2.5 EildililFrlro{ luuuglsl"l{ sl

z.s.t telryaQlaa

r:uou (Rayon) rflurwnqlaariqvrd rtavotfirfla (Acetate) rfllurwaqlnad'n

uilas lurryaqlna4nru^orfiqnraruriolfr":'hJodrsrduafi'u oroovfitrsrnsirsfiurlrstdnrlos n?'rtr

,,rnri',odduoqjfi'urfietosu^r qardrurifiIeumreliltosrvnqlnatfluar:il:snoilrnfiailrg:ai ds

rJ:vnoudeu nrfiou 'lslsr:rou unvoonGrou lur::r.rster^fr.r'hinurrynqlaar:iqvrfi"i,irJuri:r

ar:il:smma^flu^u uJnfiu niuqiAf.t 4or:vrttrnfitolrwnqlaa noo (cuH,oo,)x ds x vrrurufil

o Ut ro @ S i s q A S
0]u?u til01n9fl0.:nQ tnrYm:?ilnu tul4u{ liltnqn

cH2oH
Ia

,/- -c-H

\oH\lC-

-l\
H/

o

/t
\

\
o

H

t_
OH

l"tc
I

{"ol

_/;

\
(

cHl

QAflO'rl

OH

_t

sdrsqadti'hss.o-.--.ul-!!-g-J'
run qTn arfl unqln alnn^nr of :J:ynoud:uuouTaln:n6Inadru'lu'hj drfi'n srlusi

r00-200 nfo t,ooo-z,ooo nil'rudulrj

q

C

-/\lt'l \V\
I

OH

n:raY

/

\
\
H

\
(

IIH

rIrura

C

H

al
R]?\Yr 2-3 luruaqlaa'l{
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nrfl d 2-4 fins ilvcro': luln:ldr?ndfi ::ru 6'rrfl u lurrynala a

lutvnqlnafiqararuffivrusioeir.:ueililvrun:ouhrlu drarur:srntrqrurJfrfi?ullroir

n:ot uassixt#oqiluanrvthihfllrnrfiul:J 6arrur:srririlrldnnuei.:luld luiiqnlnrild.irutu

ornrelsru'hifr nfiurrfi u run^ordrfr rjrurfi nriou drmrluraoomnaorosfi rass'rirrn',rft {x 1

finon uapr.:1v?uiu'irfi'lslq:rou unsoonfimurfluri:uil:vnor nrfiouovnnrsrflurdr rdu

lurwaqlnar::rusrfi niu flru 6fru crilr:srnusiorJfrffiurvrrsrnfildrurnn'lrrdulorwaqlaa

d, 1 al,uonfilod,,u,n.,,du'l{luornrsuru 1 rirhl'lurdolqornrnld
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errNd 2-2 qarar:ifim-':1i ;f;?ff#iJ*',rr.'un.,rrR'r?\no{rdilturryaqlaa (:o)
cAvlt I

qildillrgrYr2 nJ a RU oty til?{ 1 s n1{ R't g n 1 ?I

t
n?1il[[uuil1n

tv I
n?'l:J0u9t?lJ0ug

q9 r h9
fl9rtl4truu to

v4 t4 9rd
nqn?1ilryu t09lg

o94
u'ln?1il:ou9l

, u,
mun?1u:ou tgr6I{q

tt
TilA0A1{
urrl
ttJTl.t9rofl:9rlr:

ouvr:u
I

vtuYtlu9toiloa
t,

911{ c'l

uasfl:91

ttnyttua.:

fiq1?'llrru

. r'Xrlurwaq In ao s H fnn'i rrdorfr uu rYu #rfi r,i rdrulusfi qdufi fi

rjiun:rvird'u

. #rovfriduiru

o drrur: nu^orfJurfl Au? r,irrilu frrufo ny 16 unuilu'ld

. rrrursdruiunr:arrrkiluqq#ou rirulnqiu^ulldr,irfrrcru
9d9fild flll$gr]4u]

. rfioaelkiovfdnrduarLru

. drnrrruavoredrunr:dil naySq'ldlqulildrtd'rfinnrrilrfru

?1',lu

. vrusiorm€o'ldd airur:ndndrucr:donrrr zu-or:iu ari uny

at:dnvlonodxrr:r'ld

. :ouriloufirflur.rn'hlriou{rroroonurn fr.rriuurn,flu:ou
{ttt

rfl ourfi os o rnfr ranrJ: nnrrirfi osdorirroroonfrufi 'hin::

,luuurS'rl{u',u

o rfiil:hur{rs

o hina:rirr{rlnduJarld

z.s.z t&uluil'ru

qar aru rifi r o s fl r crfl tr dru n'rsR'rn un v rn fi 'lduri

z.s.z.L n?lildlil u:r6.r fl rufi oqjlu : rudx ru dsr {ua v'h,nr rdu lsueia s rdu

- ! s htlt | | q i - 4 X q g q j
:]JU114Ufl tA til[mlnU rUO{10]fln?'lrJ14U-rlJO{flU{r$n rrnvn?]ilrdO:JdR'rV{flo{tuo [u tdu tuYl

t@ d I a I a d 4 f,q toa - le
rrnoqrrasdillJ:tuil1una1{ 0srfiuu?lj:vil1il 4.-9 n:il/r9lutuo: fr?'liltt4uu?u tilfYililu5fllJq

9l q o 4 A- s a I a 4 4 q

{urql0srdu [u uae0lu?utf]au?vlv{ununtilr:5tJs19l [r9r:v9rufl1:glf'lt{an fl'l:[:g{91?10{
I

4Aarqalodgrcl
ru n n [ [a s fl ?'l tJ fl u tJ d? u dtJ ]l u 5 f't u n ?'l lJ t?l u u ? 1J o { t6Yu t u

2.5.2.2 n?rildluu:.r6.:srorrdudrufl ru ffi orfi emdn:rri':u #outott#udru

rrasle,flru druffruosrflfiu:rlouauuaoorfiusgouav to-20 rni'triu fiarrrqunrurl:vnr:

I 135-9 [oo I
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rJ:snr:rt:n 'lduri luuun urrufrqdutufiflurflurdudrsa'rndurtr?dorfiuuriu usi'hinrrur:n
y 4 ut! a a ,t 9t t 6 i &
6rurr:lor=s"[d rfrodsrdudru tduluosfrurrunornrTu rilrfluarnrqfitirrTqrurn cfauarnrq
it
ou dl tru n?'lttu'l?2o{'lu nlrurtriuo&lv\t'rutosrdudru ,tfufrfitri'uuio n?rilr4riqri'rtll'yrf, rrns

6rururndurlurdudru

z.s.2.3 n lru6o r {u du o gifir il?ul*o r'' u #u fi fi o qjlu rdu ls lu n r 
-rv 

n : : il a.r

luilrudsroon'ldri:silril# ouav 3-TuurorTUnrucirfrrfi'il usidrdrli,rdrirrsriou 1 rorosd"roon

tunvr{rvr'rfiruld lufiuffrunvrdudrufirt nourdulufiusr-rdududoururn rrayovohiarrur:a
4 s Y io rnfr
nun?t1'lvtt9u t9

2.s.2.4 nr:{'nr{r;iluuu'lddru narleiourjrucrosrdulufi il#arrur:nrirrurd

rn 6 u : cie riJ u ft u fi r I dr hJ dor u'r 1 d, * a'n s n{ c zu o r dr er

2.s.2.s lrura qa fl r ufi #nu ruv sr ril r n dnor^n tTurfl u rudnd hj 6ru ri',,fl u rr r,, 1
h r s I q r,t d s i uty v
'lilarrur:nrrunrwnqlaato.:rduluf,huoonilrrfluTrurnqnrGaa'[d drriu rduluflrudrriou{rr

ia ! t e

o'r?:lJ'rn rruorun'rrrudurn^ncJ'urdulufiEsrrfiere Ei:erl#flre,musionr:dnv'lonldd

2.s.2.6 rduluilruosfi o.ru#uu',o,'rio#ouduodfiuonrrnfi nlruduluorn1fl
AgtAe

ruav6r{[r?flaoilou dl narilfiuro.rrduluflruudroonrfluaounu'gr 1d,,; ,ru*orlu#, ,,u,
t o d1 gt ! a ,, g,t4rd 3rjil inrnatlfr u:^rnu nq [uu: ouacro{ ulrun r{r uln4 { lrJil n ?r]Jsu

2.s.2.7 ilrrJovfi nlilmun1ililrn'hidrovrfi rL riold r$o p.irun:vu?unl: r{6a

1r I usidrdrl#riruil:snouvrrsrnfirosflrun:smun:srfrou oror,irlrflrdoruqarnrrnr'[d loru

rnn rvrl fr nTenoo n 6red'u r rn c'l slo : 1a 6a

z.s.2.B ilrufi u iliofl rurlondyolnud? ruaoqnnlru$ou tv'lilrfi srnr:uJfi uu

rurlns oun'jrqanrqfiovq.rfir l20 o{dlr$ar6ud rflur':aruru s d':lrur flruosnarertflufi

rr f; o s ilr ou?qvr frh un rrru $ou'ldrlo un'j rfl r un^r fl r uqr fu

Copyright by Mahidol University



uSlcnsl?vt01au llil'llytulaBUuQn 2n.il. gnnlulaifi rurtrcatrfionr:ilisxurniilurnr) / 35

2.s.2.9 ttr{{qnq:1ulrlotnnosfi ilnrirl#oonfiroutuotntf, rfionr:oon6'lqd

nruluflru Jqutoilrsuarfiilrsuavfrtitrtu 0sdrqmr4fiuasn?1ildu4uduor.ru,doruoyfirurn

du flrudrnuar:rnfilddndrflrgy{onrr'r uavflrufiflordrufi:Lrsyu^orovfirt#musioua.:'ld6

du usi o d r s'l: fl r il u r s ryu^o fi fi rie u fi r 1 #rn-q n r : o o n 6'lo du', n d,

z.s.g rduluJil:fiu

z.s.3.r rdu1ulil:6ur::ilsrsr- fl ilrufir rduludldrl irrn!'::rusrsl^ drldnn

usisrfiNrdnrioufiarilr:orjruldrJ:vlurydld fiu^uruldfiururnfiqo 'lduri ruunvrusilu r#u

tu'h,rru unvhua

2.s.3.2 retrua u * vaud ldar:rJ : s norlrj:fiu rrndni t tnvfi r fd r,rds'

otnuil t6un'jr riatau (caslen) fir.rfisrtrn{rrlvrEr Gun'jr l'rnr:r (vicara) rturdu "l
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nr:lifi 2-3 fl iud:Jfa'roqdululil:6u (3 t)
€vU I

nildilljgtYl? tuq a nu o& rqil 1 s 111{ RluR lTl
4tl
il n?1il14 U lltUUlJ'lU f'rn1{

A9t44,i
ItJ 0 t[14 { 0 s u fl ?'l }J [14 u u?il1nn?'llu 0

AI
tilun

tv
n?'luougr?q

dr i u rg, h 'odfl ]fl n?'ltJrllu f[o tlil11l 1 til9l
I49

fl R't?rt f'r ft 1: ft 1 un ?1il susl

iarnd6i
ril 0 qndl: o0fl cr tfl clqr{ 0srfl oilqarRll1|
d
t:?

AAI
nl rrdorJflaln 1il$JoQf]o1{

AAs
n'l:rdoilnilR'rw$JoflRn?'Iil:ou ttavqq

t)[lfi{
Auqurtitr

nJ o 6YlJ htftfl lJ lil a ? tTl

irrsg/6rsratg)
yrfi?1lJ14 ultluu rlr'rf'ru ru1 [u [u :9ru 0sril'ln?1il]

lorwnqlaa
AaldvlI

motilunn?tlJtl,tuu1uo.1Iu6{n?aqn{:0unv 40

oh4ilasras#ounv 
15 unsl?nr:rnqa{gouns 40

tt

drriu n1:dnn?:0sdor:vfsr:sirilrnn'irlu

rryaQIad

lulil:6u lprgrqfl rvlurudsrifi n ariln{ :il6
' 2' gt A .d 

s 
s)

ovrfio'lvhilrafiqfiutu rurriloorfl rflruu unsrrfl {

ril il 1u dr il iud?iliriluqfi :J :srvr sfi fr ornrsdu
d

Itavtuu
gr'vrA<ra6
flrnr.ndnvlonrl?fr ild?ile{ryilTo{fl noEu'lurs

rdoruqnrnrn unvdralnrrnorosrirl#ludrr:

'ia.rilauurljudrHao{
9) v 4t It ql @ | A ti dr
olrynlilunfl o{ tsru{crfl Tl0n fi :0d1yrriluna1{

vJ d i I e,
fl urYa?0urnoilqilRlv{riloQfl n?1:J:ou rrautt14{

shdrda
tgrrJ tuu0vf]a'ruriludlil ao{

1 ulrj : 6 u n s'lu ruranrs a?u fi dil eTdfi'ilnJ n:lvl
,l-aAa!er-alytluu n?u0vilnauliltJu rl[otCIu:?ila']tflu

dounnl fifidruasnj:rv
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ufucytgl'l?t01nu u?t1?Y101n0ilfl 9a ? yr. il. ( r m n Iu I aE fi r r il r c du rnio n r : Tr'fl u r m :-il ur n : ) I 3 7

z.s.q duluqudni

a'ns il g I q uri"l'hj vr x dr u fl 'r u R'r n r rn v rn fi r o r rdu t u I u dn I tzzl fi d'r fi

, 2.s.4.1crudn{ueinsrdufinrtrutrfis':'lrirvir#u rurduh.rqjosrufru?n'jrcru

rdurffn rfiofinrrrudurfir,dunrludrumruu:rer*rosnn#ouar Iqufi"r'hhufin{ovfrn:rrudru

u:sdsfiqortler (Breaking strength) rafiu s.s n:-undulu rravn'lrlldrurr:rdrrqdu t,244

2. s . 4.2 t u dor {r ruao q n u : s dr 1 r?rr^ n sY': o o n ff o s 6o o o n l d usi rua o il a o u u : s ds r u

frfl{ovilqndilr{rfrr6rurr.:ri:u 6nrirur.ruarfffiinrdnoqjluanrnrqiuriu udrriou 1 roroi:r{r

,uoorJnoodul{uru 1 odrt'l:fforrldrtudsr{ldiru:rEr'sfi'hirurnrn^u'l:J fiohirfiu :o% unctu

sir,,:nr#u qrudsr{ff ovnnirr{rfi rfi ru ldni." u,

2.5.4.3 n:rr fi usT: cr u dn {arur : n o'o }fluriu 1d 0r drrfl u qr u dsr {t urqrH n

rudrfiocdohi'ur.iuldurndu ,,uro'.r*,r:on:vqol#no.r{n#rdurchfrrer^il'ldlnu'hlrdoruqa{Rr?r
- ! g u d4 v 9) u I r a 4 @ rngnn I r q 9t I
er{uururlJurrer?0{urJU1fl trsiodrt'[:finrllxrrudn{rsiasryu^erosn^uff'l'ld'hirvirrTu fr'sfioro

rfl u rn : r r su^sr cJ o r rdu t s su-pr cr o s rdu d'r u o r'r u #u u io ?6 n r : vr o fi 'ld

2.s.4.4 narild'orfre (Feltine) rfjudnsiucfilfindsrrrul::rusrd dtrfrqnrnnr:

fiqrudnildiun':truYou n?ruRer ,,urorluduoudrl#arnaclo.irudn{uernoon uacna'u6el

6nri'u6n aru,lqfir,irtrflarnnsr'rrri'u1dfi rflunr:rvnr:rnf;oufito.rrdulurudn{'lunardnsr^el

:J:snr:muas fiiqnrarrifrnr:r{rrndsldurhu uasn'lrildeuqjutorrdudru6nrJ:vn'rrndu ti

ri r 1 #r u dn ifi n fiu 1 dd rryn ri r u I n u I o s I u dn irvi r #u fi o v fi q u a ru rTrf vu' or d

2.s .4.s r u dq {uei n v ryu^n fi n rrru fu'hi rvi r riu du o d fiu n arru cil u : aisr o qdsr{

il?ruiarnlruuQnro unvfl?lildilu:nfcJoqrrya#uuun rudsrilsrufirhjfificrr: ,r, ,i,r,u,,u,
o-oAulrrg)stdduaol:rioqt^d4r-sfil EflrdlrlJ9lou dl nJ?lrdu turYosilCInuarsrl{rJouf]uyr.{efu d?uvrvrl tl4rflafln0d?u t}l:.1

99

fl : { n a 1{ r rn c Giau rrya riu lu fi fr rfi sr o rn Jn r.r v fi dsr {'ldiu o rfl olfi 1t

2.s.4.6 rdu tercju d'n im o.'ru du ldd n'i r1u fitryu^o du lu rdu10fi fi o.'tu du
ty & i J tnrro v .- .- .e, d.. -n-ognx d'ttJl:flqnnlllj5ulTtil1u tnontouas 13-18 n1il6fR'l]l1jo{0'rn1fl 0'rn1f,:0uttassilvll
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l##rtu dn{duvrolrflu grJqr rurn'jrornrau#s rufrn {n v qor n'rrrfiu l{ldil: s:rrorio uav t s
I d o 3 vild s rno/
tir fr q nr r 4 n- qs fi u hi rE u f,fl o y ar il r : o q or'l dfr r #o u a v zz

2.s.4.7 qudsr irfl udon:truiou fi ta: uasdrnlr#ou hi6 ril: rs:vv,irqdu
lulurdudrufiornrortm:noqj d'sriu n'lrrgou,rlorixnrudr'hi:srvruoon'hJrru #i,uudq{6r
q'l t
rfin?1iloilEuil1n

2.5 .4.8 In : s a$x Iru ta R a I o { 1, u dq { il : s n o r dr u IrJ : sr^ u su'er Keratin d.: ril u

ar:rJ:vnotlrnfiarul:ni firirlvd'u:rruoqjd:u rn:rfiuil:snoldruar:ofiIunnruryfiori'upTr

6'urflu Polypeptide chain fi cystine tifin4lr+ulrlfirilu cross linkage rfioii'u'irqnraru:i6vir
:t 1& ,- ^ -o i< ro - :

fi alu1Jo{1udgt?1uo gnucrdnunilfi ryn1ilv6tuil

2.5.4.g rnaodrcludnflrjnrnrtno In:sagrrvrr{rnfi nyanrueTa ru0sr4utu

n:vdxtflufirrfros rdosorndrilvriuluda6ur:Jfierurflun:qririlydu rirl#rdulun:ouun&

'hinrfiur hsioeirr rirulryEn'lvlosvirlr?lsfiQnso'ldasarulurirq'ldrf edu druroni:qorfiaor

douas ririlsfiuludafi uff ocaq#ounr6''rer

2.5.4.10 drrirtudqftrJorhirr#r fr qnrra4ru- 44-to4 o{srrvardua fl u 0u

ttfi't fiuril unvtflou usidrdrlill{nruuonovqro.luduna'rfiuldrix rdulerosrfifiurdr,f;n
9 u "Y tnil 6il | a

rio s er'.r liu u r n or lCu ru ryt#nrn niu rd orrirqn ud{ r ra el

2.s.4.n tu dnifi qnraru:rG'hja,u,uri, t1rrirlrJfi rulurirnd'uuru z f: Jrur

-i----r^^----.ul-t-e1--..ttt-y, ! tr o ! octe vt ;
u1?1un0sfi1u tljlJ1{ tta0lnil luulnJotn?lxjr?4urJ?0snqn{ u'r0vvt'l t?lltu6fel?}tos IntrnvilFl

il-gt,-991

fru 'lorirrfludusr:tseiotudsr{rlocrn'irrir 'lorirfrfroaruoru^cnrsrflud'uqr:rusiorudsri'ldrurnqqq
t I gl Aa ad u

fl ?'ln ?1il : 0 uu?{ { m}J q ilil Qil ra u?nil

2.s.4.t2 cru ii'n{fi nilarurjsr^lu nr:fi u o'rd frn: rJuu:r ld{ rsn'ir usidru#r
6 rn | ;t dr I e) r[ rurt 

" 
: 3 I a - rhgra 

tj 
a o hgr A J

tflu tu0v1lxrtilillflxJ9rlu ttJ tgl 9ro{iln?1usulJ1{0{0s09t8il t9r9r nqilil4ilq{0uyr1 t0.1'luu{1u
tY a l,t | 4 w , I I y ct i o 4

lrgt gr I d{ lnu lil 0 v n u n ?[1'lI il u 1 n fl o{ 9t il [u u'lt9t o 9t 0 { 0 s o ou 9t ?Copyright by Mahidol University
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2.s.4.r3 tu dot io v fi q nr aru:isr tu n r: vr u eio n 5 q ldd n'jr ri r I ri r Iryq r hl fi rlirJ

ilu sw do6'l 1r?r6oa d'ril'r: n 0v a s ar ur u dn ild tir qar r 4ru^n n n.: rr 6orfi uq so os srrryn rfr ua

frlovl#rirur g.s uo9ruoa Ieunr:usiuruil:vilrar to urfi ovlilrirh?crurduuq*ornusiodr.:

le usiodrrl:finirufirir.: z-g ryfiqfililrflu6'usr:rgdorufrni du ri'r,Jrraluvrol uorufurfiuru

nrfi.rotununslmdulvloatdn rfioldrirsfiucrudqidordrsl#asorerrfiorioufiqsriur'rn,ffu

'l{u tu ovrfi srrflu qerrirs rnfi oImd uil unvurunu^rduilvirl#ludniriJufr nr6o.r ImG urudard

srovdrhfln:sdx rnf;ornsu^srtdtfirurirrrincrufinild rsiu urunrirdurudnrylsr uaydrnsdnao

'l:pi unnrfiuilnno'l:d unvtutEurulmlo'lmrourusr dsvirlfi'rudsr{riuuav,du,,,rfiou,,}r: 1ru

dsrifin':rl1':sioar:oon6'lodrrn hi'irnvrfjuar:ovo[: ar:oonfi'lq'fovrfir:Jg^ffiurri'ur.rqi

rirru s d'u lu fr ad u l#rund o Iu dfl {rdu rdsariilud{ uq a

2.5.4. r 4 t u dn ifi q ar au u-sr^l u n r : &o ru fr d's ro : r v f4 n m^n'[dd r u r roi o v q er 1 d
| 6t J 3 tu r I o o

il t nryi r"lqfiu fl u o qlrTu riau il: sn or vns rn fi ror fi riu 1

z.s.4.rs nrncruli'n{firou,{uuaoilro tvi'ldu:J:roonlprurfr dldurri',

bffiuasrTnoon no#ln?rl#l#urj:rf rnr:u:J:roon6nn9.rmuos,rasdoqril:svrnn9.rud.:orn

nr:a:rki lersdoqldu:J:{fifiru€jou{ru unvurlu duuuno',nosrir1#:ouduunqruonudr
v I clgt r) q v I a , n l, a
frssiaul#rdulundrrjanrilter=ileiaer rfrofirfrdrorntudsr{nr:1ffi6nr:dnurfl.r dril^lsirudnifi

r,irfi'unoudmsdntrfiou#rflrer1il1d dorldrireju an.fi'nv'lonrrs 1 uavzur3lrur dt h;crif t#
rl

#n ri ou fi ffr o c ril : rvrfl o uu r n

z.s.s rdu luianoadr: erou

rfl u rdu lurryn q la arJ : v n^uf r.r5o fl r u rfi uil d.: q ar aru rifi lqsfi'r'lil il rr dru n r er

nrw unsrnfi (::) fidrd

z.s.s J Sanoadrfl uiruuruor:nrryan Ina rfievirl#rfl ut otru n:ud:nd'ufi r
6ltt d q I s
n4uu{r n4rJ rernQ rndovfrusT:#utr.ni'hirufiourdl unvrfiorir'hJdsl#6n lrutaqntor

rrnqlnaovrnrvrSusd'rriurflurduurr uaqvirnrrilrufiurunvnr:6qd"rrorianocdoronnr*u

uasaoor'ldd':unr:r:'us6"lrflul,riro{rryaqlaallraqn ranrfiianoadrua:uJdourflucroru{r
Copyright by Mahidol University
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o vldrrnr#u d'r#u nr:rnrvdrilouryn 
4 Ina dr hi6rvirfiuwnqrndn rrur :: rusrsr^

6td
9r0u t9yl

twaqTaaotnrun'nd ovfi:v6'unrrltfluarf;nqt rdulunouriilorfinr':rru6ornrjuuasrufiu.:d

ianoadt::ilerfin:r:Jtfi itu't t.a-z.q n:-:.r/rsrursof flrriluianoadyfiqw^rsuovfrnrtrrrrfiu,l

t.g-z.a niulrnuruof odxl:ffsrrru t{turnfinrrudrrfi'udrorrufifie,'rosaqar nrrilrHfis-l
-.i +r u t Id ! o

rfr oriJun t.+ niutreruruo: rdu trldu 0viln?rilrfi fi ur#o un.ir'luelrr

2.s.s.2 ianoaddsl#u^n ldir ut or v fi rij un rdu lu ur rd ou si::r rn n'irrdu lu

du nr::Jg'rirfriordulu?anoaddorfinll:vrie:sisurn firner*,rl#sl*rilrnoun:sfi'{rdutu

uiordudrunqrulqa{0vr,irhi'rdulus^fl drodxfl r:: rfiovrorflu firovil:rng:ouuerfl qro{r

r#udru ttasost#u'16'ffls^tduriiorirTrJUorufiosrixrflumrr :srrvr,^nd'afiqnuorrruaou#.rfouns
i<retl5 lraslilor]Jun5ounv 25

2.5.s.3 lu lufi n :rildu rJn n^o q]r rdr:J : s ru r nr lz-r3% d aol., orn rfl u r er:S 1u
!!.e

(nrrrufrudrufivrf#ounv os qnrnqfi 2t o{f,'ucrarfiera) n:rlduturduluurJ:rTunrildR'r?v

n:ril#uluorn.,s

2.5.5.4 nrrruuurttiludrtnrv rvir#r t.sz nrinn'jrcruri'sr{ unvrwaqlaa
a i oc, v

o'r ener o uJ o I s ?.r 6yil n u qr u dfl io s d r h{#r r u dsr iriu n o s d'a 1 tfl6 du

z.s.s.s rdu luOuf; nOs ri r l#d'r urjruru r n ian o addldrJ u ;u fl i uo s fr I u rn rd n

rurn rriu t.o, 1.25 rtas 3 rqure,of

z.s.s.6 r: uounnryfiorfi qnrarufn^nu n'lrru3ou 1d'1ilfi fi qryrXrnrnouduu

-.-_-..4-: I ' e utc) I d I e ; ; q a
dR'lillT?e,wu Tun?'ltJ:0u tgrd{:vrjydu qn'tlnrrru5ousrr:yusu1? vt:v0ruqrurgil 149 o{fI]

tvnrfioa rduluianoadoudouanrn usidrvirnr:3orfr 1 arrur:a6q'ldfiqarvr4ru^ r35 o{dl

rsn16ud

z.s.s.7 rdour.rnrdulu?anoadfiqerarurifitunl:gqn?rilfiuldq. ldrflu

q u'r u'lv,hfl r'[ri 6 u o n o r n rfr o ri r t#ud's afi fl ua s l u rdu l u'hi rn^n'lyhil r a fi elCopyright by Mahidol University
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2.s.5.8 trynQlas{fin:rrulariorJfrffisrrosn:e unsdr:ooRfi'lndlrn n:Fl

tvr,irl#rwaqlnannrurflu'lalot:rwaqlaa (Hydrocellulose) ar:oonfi,ln.finll#riluoonfr

rryaQIad (oxycellulos") d.:aossu^odrl#flrunarurflufir71f;or rr6ond1 l,rirwnqlnafdriuri'u

rfl u rdu u r'r n r u t u o v r r o o r n 6'u ri r t ri'rdu t u fl io dr u rfl o u

2.5.5.g t5 uouelllrr ::rusrfrfi n:rrutnoqjrid:kjd'olrloncn: rrsiilrndolnr:

fitdar::J:vmruwofoonlryd ai:r,,lontr:nnoEu ?anoadvrusion:n#oun,irflrs 1#n:otu
nr:nnttei{tdulei'ldilrtn:fi ruifrorn'rrqru:vdrnrrrur{ru{uqarr4n- uasrenrl#rpiuou

t:uoudltJr:nfinriaelarjld'6 uoidra{finoon'hirruq ltriurosa{oror^oroqjdlxruac6ilr{r'[il

lurduls t 'tndoTitilul'r41il'ru0vnnrurflun:eTufiudrovfrnfiurrffu ?anoadhivrusio

oon'lqdclolrrdn 'hj'irovoqjlu;rJln arrur:oril6uur:emut#nnrelfluoon'lweirunqlna d*

ovrfirtrflfifitila^or uasttlou ,uno',o#t,rd''rianoadf,i'hjvrusiouaroifinri rrnrruaolorqnuar

rten ttasqnrornrrruduluornrs'l{d'lu osilrld'n':rilrflfiueaqnl ucsqaor:ruhlornnrirtrfl

turdoruqarnrn

2.s .s . L 0 r: u o u rdu 1 u u r : sfi sr rn fr u r u^ u^ u il 1 dl ul r u q a d r il n : : ru rf 
,: 

u su^ n #u

vruoionr:dorq'ldd tr:.nvdrrirl#lunr:r4rn:vrflrrdo Rr{rR{ xiefri-rlun:yrflrr6uyrx

n:vrflrfio dsfinrrruvrunrusionr:,i'n uavvruffu'ldd drtdnraruri'urudsri6'Errdoqomo'lda:er

{1tJlJlR

2.s.s.r1 t: souvu^ettil fi urilrndotfl un rdulufi le1r rnnr : p.rfi ni6dorfr o *
arurifitrfiouri'uflrgilrn drdrutnfr frlfrnd uavrfirna firfi14rornr:uounfirdalu'rrorn,,riuld

fiuno16' rirl#nr:n.:sr-'l6du flnueisl#muf,rL16'lsrufinerilrnfiurhinjfiuuuilar lderarudu

lud.:rn : ryfld6 vrusionr:dsdsrrfrerfl ern

z.s.s.r2 rdulgt:uouarrur:odrhfln0n'ld'ror JouTrieiortir'l:Jnnuei,r du

dlil1:fln:vrir'ldaolrr:ru tnJUu:n fio nr:oqilirurnrn:srrirrusd'ulurirfirirl#rirrrffs,,ur,*^u

:Jirurarrirs uuudaos fio nr:l#ar:asnru?anoadfifi:susrraruil-nuru ,,urdfirrur,ru''
^^-r--&- ^-^^.<l- il ct 9- 4 v d s q I v d U | | v o 6t t <l4tJflflu il]nq:?illilutflu lurdut9u?nu t?n1[[1t{a??flnodd0u149t9l?t[1J.1 lillyt]flu ytl t14HUn

ldror Copyright by Mahidol University
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2.s.s.r3 r: e,o u'ldiu n r : fl nueir l#vr u hl l6'rsiu rd urfiu fl r u dr or n uri.r l#q ni6
o s yr u m ru n'ir fl r u 6s rfl il fi u^elxr#u ru r n yr u si on r :dnrlj unun s u#r

z.s.e rduluorfirsrel

qar#nuarrdlunr un'rTr uavrnfi Iosfi'?hJfi rfi'rd

z.s.e : dulu'hjqnnlrufiu ru :rvr Ej1 sn: on lryd qnroarvroi'lyl6 l:Judr fi
qnrarufofriouclrs'lilmxatfrouri', word:unvavaru'ldluar::J:cnouduvr6eildrurndu

2.5.6.2 n rrruo^or n {u crortdu luo r fi ror or du o qjfi'r raa r un v ri r ds fi r,i r l#0^o dr
" - io O94 ln ra
nrnsvrvrrlfiu-q"tilrnu 0.5-1.0 niilltsrursof 6.r1#dqlilrfiu3ouav s rrnr'hiurufn rdulu

orfitflenv14qt{rd'ns€uvtfirunrulur':at 2-3 iurfi drd.roqlururn^u'hJIn:ra#rnrerlule,nJduu

g:J n vn^uo':'lddrrurn riodrfrrnsonsrrfi s.:rff nriou usiu ruuaruiu In:sa#rsnruluril6uu

r nJ n r'hJ rur n r rn c o s 
ohi 

?,r err{rfi ro'ru

2.5.6.3 r#uluotfirnqfirufiooonuinfieo fin:rrudruu:rdl t+ nirulrouruof

o'.:6ooon'ld$ouau 25 riloorflunaqa{rildo o.g niil/rouruof sfisrnrfiuril:surm 2.6

niillterutuof o'16ooonld$ouav t2 orGrsrersu^eurnfiu:r,',nriufin:rruprfier?rvirfiurduts

D:TrJerr usidsdeoonld$ouns so

2.s.6.41u anrrvo rnrflil1er :$'ru r#uluor6rqsrfi n arrudu Souas 6.5

z.s.G.s orfirnfl qorornr n:'lddrvirfi'rrrya a Indyu^q du Jnuqqnlilfi u lti'{qq
I

il:vilrar#ouns 6.5 1fi:vduqaru4l^rurn:gru 21.2 o{f,'ucrnrfiua) ,,uro.lududrufi'vr##ouns

os (rdutuor6iqrqno':fir'ld#oun'irrdulurwaqln asu^pr6u)

2.s.6.6 fi n'lrrurirr drrnrvrfiolrvirrirrdulurudsri fi o il:vrurar t.:z

2.s.6.7 rduluurrfi rurndsuei 1.5-4.1

rer u ruof tdu lucrur fl tff nn r : il rurnndrrdu lst u roln ai

I
€:y6lalgtuluoT tdu tudu1Jul9 40-600
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2.s.6.8 orfitnetflurdutufdlilmusionrriliou rfiodlei,afiun?rugouq{rs

ejousr-l ttasnentu"ld 60t16'fiqarr qfi n o.:nrrvnrfiua drqnnr4ru^qrn.jrdrXrorrilufu fi
:vd'rqarr4it zoq.q o.:srtryntfiera #rovfirrrnrinrrasnsnr0 #rrflunoyrflufuTd,irun.jr#ru#.1

2.s.6.9 rdu luorfirnsridfrsrrrfi uil lqoon lryrilirhi'{u n :u fu ovnoriounr
ufp-V^..^:cl_.^i^.+- - ____et^^__q-";! , ja 

^jrq o tus ruulreoe n1: err'tfi?: t$urqu fr ilqruu 4n=dr 1

2.s.6.r0 mun:ntdo0xld6 tfiuuq*o',*lun:qr{ru{u onr{un:ndrilcd'u

trsi'hiu^uilldn:orirrustTu lunt:srnrrsisor6rno ru:rvrirhflayorsrolde,rn n:qfrrflf;ooqjlurdu

luovf rt#rilour$r rdutuor6rnn,lri,firrfludow,lonrm tirdrriluffdrldlqsnr:1dar:yloncrrr

nnoiu ttasn:vrirfiqaruqn^rit lurir r n^n:'hinr:frnno6ururnndr t niru odrs'l:ffnril ar:
ylo nzurln o9o on lryrildTdd n'ir

2.5.G. r I rdu'l u 4 n ru'r rfi u q o,,au r ra o il.r u 1 o adu u q * n r u ru :.r^o u ri'u

2.s.6.t2 rduluoifi rnn fi ar:avarsfl n'rCI$u^o fi arrur:crtdldoeirsrJaoqriu

rdu rixlua:ujrrnvct:frnvlonfrlhJ nrfiloursrsr:rnns'l:d p{cdn?.lonrra naoiu ar:ri:stiou

n : q o o ryr n^n n r $u o u'lsr da lyl 6 r rn s n r o $na o I: ro fi 6 u

2.5.7 rdu lc,Iila'roarqof (polyester frbers)

qru arufn^drufl 'r uR rn uny rn fi IEr ufi'r hJ ri'.: d

2.5.7 .l rduturvroS6ufi nrrrurnfi uril:silrru 4.s-7 .s niil/returuof dnoon'td

Souas 5-7.5 nrudrel-u

2.s.7.2 f,uurn riljorJ'ilovn^udr'ld'oeir.r::srrf: lunr:t'l6rnrr:frosiqfi

: v oiu q ar u qfi t ss o s nlrynrfiu a firrdu ludu fii6 r nr :: ldd n'jr ffrl uur r
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2.s'7 .3 tnn: ou luul? vtusiott:{fr.:ru tn #rn*.:l#ldu ludqoonfi u{ioerny r r s
frorldu:ro*rff.: t niruursrursof

2.s.7.4 rdutelnn:orqro.ludu1d#ounc o.+ fi:vd'uqnrr4ru^ 20 orcr
dZ@

tryarfrua n'lurfiudrufivrf, gouav es rfforllunovu#.:rfr'hi'irovrflutduterurrrforduluduo,
9dr@

tlfi{t:?111'16'l f'tu

2.5.7.5 rvro?fru uosran:ou finrruri:s{rrilrcrfius t.gg

2.s.7.6 rqn:ounun':rru3ou'lddn'jrr#ulu'luaou finoilasarufiqonr4fi

249 o{flrerntdua rrnvdrlri'oEjfi:sdun'rrru9ou tso o.:srrryar6sc{ dtrJl:6r1yvruodldds :o

iu Isr unarilrfi fi u:nq nsrfi us gouav zs ri'rriu

2.5.7 .7 tot n : o u vt u si o ar : rn fi '1d6il rn Jor urqr{ r s ar : rn fr fi ldsr r ru rir u r5ou fr:
l:J rEiu ttonnoaod'laln:nrfuou ,i,nuu mfinylon 6lnu n:flotir.:ciou ar:avnrudnu#{

a{unr rur dnylon rirsodrrejou

2.5.7 .8 nu:Jnfi lnn^roarsroffr pqfi eoonilrfr fr zun 'hido.:doncrllfild

rJ:vluryfld usidr'firrfluotrvlonttrdrulvrdsilnnol:dfi pH 2-3 lo0ldn:nrr^urJ:sfirdru
--4--.a^--.{--1e j <t r i, qrq dr d 3 tt e
r?ogitvrn'.fr ori6 frlriluatsrlonu'rnfrsirulfiluriludtr:rurnilu zuldonurafi'hiasnrudr rrei

qr,rct - jq il e ro y j dlflua'nuruvfrlfn:sorud'eoqjlurirfi +s orarrryardua uasf,.:finr.:dnv{onu':ndu 1 6nrurn
4i

u'1uuoflt?4uo01nu

2.5.7 .g fi nruarrui:alunr:nusiouasrrErsr'16'6 ufluavirun: s onfi vru'ldd

tqiurfienfiu rfluqu'lu'hhilrodxd uila{ xroer uayrirnfit3g 'lxiarilr:nosdr6'usl:ruurilsld
,tlogqtilet
6rqnrirrfronrdrsovfind'ea'r:J:vrursuSouas l3 rrsirduluduoyuod''nrrnn'irfi arrur:nld:ar:

ti:iurrr::ilstst^ unsdsrn:rvrftd6 fin{ru '[ri'irov6'nu#s niodndr fr'rriJule,#uqnrrqfirnr

3n'hinr:qun'u l5s osslrynrfiua luurrorrldlddr 130 o{flrrcrnrfiua qorfrdoruldd dhinn
Iau

T{t?a19rntlnvfl 'lnltgt9l Copyright by Mahidol University



u'ar fi st itt ura-u I u rin ur a-u rn'n n

z.e #uiltufirinrrldlu nl:nortl

?m.u. 0rnlula6fi nrrrydrrvrconr:fierurn:-nurn:) I +s

rdud'reri'i1#tunt:ro#'rfifin'ruil:srRvr mJ.:ffioqjrTrnr:drdrugeinssfioriulJl#

{luoYr'l: ndoduoqirilrt:cu?ufl1:arfin uavisrqfirirrurnrfin piu drsfir{n^nornlul::ilsrn-
(rdutem'ry ufolurudsr{) rdulu:J:vfiufornfirnionja*on'l# rdulsd{rn:ryriornujrrsr

fiforduierfifln'nrnunr:ruail:ct,t'irqdu1ud'.:rn:rsr{ rrncrduIur::rJsrfi (:+) rflud,u

z.o. t qruailfsfnr{nrunrilrosrduFhu

rdu dl 0 uill o o n tfl u ryu^er oi r r 1 or r ru #ns il s n r : d r il ru?r rn fi u r n 6o rj r ru r n r r r{r
9 v -:a?unu qnu

z.G.r.r rdudrudu (warp yam) dordudrerfirjrhjldrfirrflurdug^ululufrr

tdudrssu^etd6'oqtdldulerfifin'rrilsr'r uasnarnrnd rflurdudrerfifidruaurndu?uasfl-rrJ
d a r _-4 u A o4 a Ant1l u?q{ lltt0ytu9lou:{o{ uasfl 'l:cJodclosflurTuurnFoqno

2.6.r.2 rdudru{.r (weft yarn) frordud'rufi rirhJl#riJurdur,$r1unr^u 9(r

tdusfissu^etdltitr,flud'o':fidtururn6s? rrnyn?lilrrfiuurrnfn d.r#u druaurnfier:osdoer

ndrrdud'rudu usidotfin'trlreiourjru n3odoufi'r'ldrurn rnaotri!flfiuffrdfin,:rru13su uaed?u

2.e t.t dudtun-n fi o rdu drufi ri r hJtdlu I: r{ ruq n dlfl n : : ru #rd'n rdu dru
I

uu^ofi0.vfi'fitu:utndu'ttioun'jrrdudrerduunvd'ru{.: ufiohi'rdudrofrn:rudou{ru uaseioud'a

'16'6truvnirur{rhJlur{rud'nunvqrJn:ofdur touniostYn usioydorfrn:rilrfifiu,ruurarj.,,auu

2.6.1.4 d'rurdilrir fro rdudrufidrlrjldlul:r{ruqndrfin:ru^fir,,do#r
--q---d---. -.l 9l ct o ! I t oo6 e -. -. e

dttSogtJ tdupiterryfrqfrnspiorr.irun::ilTGfrreu ril:rsqsfurdufrruryfrqfiovp{orfinar1

trfie,r nar:l:ril6uratiltauu rrnsnv16uo6ilrn drr:-rrdutufildnra^nrdudrsdrrirrdr#r

iln vrfotTnqnl# 16'uri flru'Iilil fru^u lunou uavlvrfiroarsrof
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z.o.z qnra:rri6zuort#u drufi drrTru fr d'.rd

2.6.2.1 fl u'rq fiforuofslo{rdudru

2.6.2.2,fl lu :u rnfi url fi rirun:rl urr (d? r?orrusr:)

2.6.2.3 fiqnrl un vil?rurar'ilru:urn6err

2.6.2.4 dru lurdud'rufi ilrrurn.ll

2.6.2.s n':rrufi {rr:rcroqdudrurr:,rrlidudrurdur u?orruuf, (Single yam

strength U6O L"u strength)

2.6.2.6 qilnlrrrn:nrdudru

z.o.: q ar ailrifi qroqdudrueioq 6uailfef Ior r1r .

2.6.3 . r cr u r q rdu dr u fi 'hi ail r raru o o y fi ar n si o n r : ri r'hJ ldyr o #r
I4ltil 4
Kln talsrj

qarnrn'[ri6 finrrrumur travux'hitvitriu rravfiruaoioqarailrisfnrrruu{ru:t dr cvx qro.:

ruof6'ru4l u3orfiuttlulrn otofiruasioruaosdrn:vmunr:dorufi Isrufir'hJovtrlqrurn

rdudrurfruqruu'lsl +:x ro.trilofdru uasdirirrdudrudhiarirrdnonrfln^sr#rtin 0sdrl#
.^{^.-v-4^d-. 4- --..i^.4-.--- - -, e) v v t)
t14 il 99lU{rltJ nO lytR9t[UUyt 1{Alilt[U ?1?1.110{ rulAnntUUalnr:60ru

2.6.3.2'ilrururnfiu:/tttirun'rrilur: (frr nSonrsr:),ilrururndurfrnnoeix

ru'rnsionrrilrnfiu?Iqun:rqrorffr :':1fr.:fiari'lpTarosffr drrndu'lqqfiu'lrjoyrirlr?firn:sdrs
4e- o d 4 h ' -J d

ttavild'lnqTqqn0n?1il [rJdtJl[dtJ0ro{tflnu?0sut{nnoflt0t0t:]unriuuxrrrl ntufldlnt:
'd r _o..d j @qr I q gl I ja d U{yl0 ?t:ofl1:9lflttgl{d1t:0 t1j0.10'Ifln1:fi9t91? [ulyt'lnu10{lefu9tlejmilp.tail10rnrnnua [:.1

adrraruo lqurqilrvd'trflurdudrufiiluornflru uioflrur.raurduludu reiu lulnfiroarnof

rua s o r o vir l#ffrfi n erru u u r l r.r'hirvir fi'u

' 2.G.3.3 n':tlrufiru:rtorrdudru n':rrurrffru:szuorr#udrufir,raruarruqlu
n A : J ,A 4 v v ol A v vn:uu?un1:uu ry{0101:lJ9liltt9u:tj no xnqnu f]:uu?ufll: 14:o tn:o.$ofl: fl]:fidufluuo{l

rdulu nr:t{rtndu'r uavfrflursnr:rcirtnderr cJurnuordrudufitril ?rilrufiqlfl:ra$xsroqdre,r
oi A a r d y j A J , a o 6ryrt rtiuros fr.:fiarnrioqarn'nIn'l'uJr?4frueroseir frrr5nd'.rusinr:mo do rirlv?drourflilou6l

:J:vfiufi'nrrryflr:moaqn{ ttavlunr:siodrurjoun#rriuororirh?#rfiqer:Lnndor (Defecg rfiel

& nct, A a I It a A o o 9ra q st At bY - !, a st dlJuro.r'ru lilon{n:sil?unr:dondoufiosurflrtfitfloufilr,nr.nruouto o{uu 0{rgro{un'rTCopyright by Mahidol University



riar fi sr?vrsra'u uil rir arduilfr n a rvr.ru. (rvrnlula6fi rrrrsaurnaonr:fiorurniusrnr) / qz

madoun?1iltfifrurt?'lao1#ogilurnardfihidlfiul:J a:uarrrqn?riluff{u:.worf iu uon
tntioorntdudrurrd'l fiftfiiloil'uo^ur{rilrrfiu'l#o.: rsiu n'nuarvln:.:a$xfir rioornnr:y,lon
floilfifiqilnro uiotfinornnr:rfiufihjdvre rflud'u firsir{ r ,nrirdfffiri,rurfluodr{u.r' rrnc

1ur'iruoltdenri'udrrdudtufrn:truudur:srfiroqjud: oroldd'nuarsln:sa#x1unr:norur.d:u

ra?nlri'#rfiqtllRtytn?trun4fiurrn^nduld rEiu nr:rirrdud'ruilrnaur{rdr0fiudru: u z-q dud
ld rliu fitnruaol ufoorot#if;vrolnunr:narrdup1ruilaru I rdurflrd.rurTu lqu'6jn:u
rnd ur dr n vr,i rl#d'ns n v firfi fi rdon uld, fu fru rTar{ru r,iu n r : u our u r r arfi sr rfl u du

2.6.3.4 narruhia:jrraruoqrotrdudts t1rrdudrufirir hegularity ql nio
Thin, Thick, Nep tJ1fl ovfinrnr,irtr{qarnrnfirdr rn:rs#rovfid'nsalc ilu1 dl ut{ dl dn4u{u
dsfirt#firhirEuuailldilo uasn:rrurrfiseff'lilornari'',auur'ruhJfias ifirrrrurnfiosrfiel

n r : d o u d'rlu ei'r u #u I Er cla il r y 1 u fir tTn fi o c r# u 1 dfor ro u8r du

da
a1ilr1ilu'lwRl

da
vt?ulfluu1?flfl'l

nrflfi z-s n'nuarynr:ur1ufiorrnfioadudru rluu S-rwist rlnclluu Z-twist

N
,@)

Sl
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r:nrd r;uo'uvrf

Relative light Reflection

20 40 50

Yam Twist (tpi)

n r fl d 2-6 n r : ere do u u d{ 0 r n dr u fi il u o r,*"u du ruao rfi ru n r : l^o rn A u ?

glAada;
6rufrilrndu:u-prriruara'irsnvn:s6'qn5u01u1ilflrrurdu1urrsiayrdu ds:yrircrnfiur

20 tlnu 40 tpi ttd{ Gf 'jrt osas fiou otnfi rurhcro.:rdudrufi 6su uavrdudrufi fi rndu:fi oasual

a'j r.r r e q n q q n d u rlir'l :J 1 u Ei o vi r.: : s u .i 
r s ti'u t o.r r du 1 u

4v
el't:l'qll 2-4 nf'lufl{sn?'llJtlaneit{ro{rdudrurfroil'ufiernduafificJurnrrqnsirlriu

ln{lntnau?olu vrtt
anuilsn?'ltJttgtR9tl{n1{9t1uRltJRlr l

0tpi.

(low luster)

20-40 tpi

(Maximum luster)

40-60 tpi

(Decresing luster)

ytuvl?u?5tflnrril / 4g
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uial.vr'n im ar a'u tl u riil ara'au?r'n a :vr.u. qvrnlula?firv rtrcailrn'onr:yYorurn:-n0r nil I 49

n?1ild1utt:to*tto.rr#ud'rurv,tAtJtgutildo'ilru?urnAu'lyraludu rdo.:ornnrril?lq:vfi.ir.l
-2-.q-. rio 4 a r ^ - 2)tdu lt tt9lvl0lu?utnau?u9t:vrjt.t zo-+o tpi u:lfrorro{rnAu?xt'tRdurrsintr:Jdturr:{d{uo{

lurrnyrduefiuoyann{

Relative strength

Yamtwist (tpi)

nrfld 2-7 n:rru*i'rur,t'u#:su'irsn'lrruffrurr:r6{rras,iru?urnfru'rrl'errorrdudru

yii v A 42.7 n?1ilgytrRu?nunail $nsrfltj{

naiufi qnrarffi rqnryd"r rdu fi nr::un?un101ud'.:naxfi nf;urnfioufi airu hJ dru
^^-^.3-A4^.--!_q-----e-^.- --y- - ^- & A I a r o a zrn?1ilt5?friluoqjriutfroflowi?flar{fil 4"1 nfrurs6irunoet{d'{il1u0tnrrfici{ntrfrqna-u'lilfttel

---y---A-A.-4-.4r1-t4-e, l,d4-outttvt,jo"qaTluilnnudltJl:oflnun tljn{ fl{uu na-u,D-.:CY]il1:nyr1{1u-16 str0t.irlfiu ndurdtjs

--s-q-f/.4____{_. .q_ctera rr< 'ar^ 3 j a d ooeafl1tJ'l:6lvl1 t?ltuof du vl'l ll4tflnn?luidn tFlUtJflu n6iu0lfta?{otylslufltrJ'l:nlirlfrnqnrrilqg

y^-,..^-...-^-:--4-.-.^.-3--t---<.e . octilad q A - a:ou ltault6Ts6r?]{1uuuilu lan nnu?n8Jd1u1:CIli1h4ornnq50ulu6y'lu0'1fl1f,flo{rnsotfilrncl
o! o q gl ' e) dt il d tn dr t)

n'l:du vrrh{atrur:aildqtyrcuflo{nfii1d rfludu osrfiu'lddrnr:rnnaoufiuurnfrurix 1 u^

a-f _ | q -r 4 J A u, ,1 4 A j y q j -ilu:1naog:01J91?[:]illfllJ1u r5u nauul nnu [urcYurson n6iuyrrjoo{'l? tuulril=oQnnil}to

riru nfrurfiur nduuas nnau?mq unviqdrondrfludu

Aiytvi,-jA4Arhl
su9tlJ0{nauCI'lrr1J{911ranuilsn15du110{0qRlnn?fl n1{nfl aurnaouvt rulu til

ri'r fi am rnr:rnff oufi rornfiuudr uriroonldrflu z ryu^er Gs) 16'uri

e A A a A i'
2.7 .r I flAUrnAOUVtgt'tUil?]{t nO nAUnr{lurllr'hjlU6',rnA1{rtd? Osr,irlr?

iiA-,,i6tst
l0uvr1,o{nnu a?0u1{lsu nnil [utdu

2.7.r
AAd

TU9rlJO{nnUtdU{

oUnlnro{er'?narsdulurruadqqrnri'ufrnyrxnr:m6oufirosnn^u 6'roejxrEiu nfiu1uCopyright by Mahidol University
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tfion ttnvnaiuluatufinrf rfluriu oeutilt*it,l',flunf;usrril',rrsoeirsuflrir 6'sosrfiuldorn
dorirt#rfiqou^rdrfi^rrj'rtuvrrraatJu#a naouosrnfioufihJnrrufi.rrir rirhflrsor,rioiorqfi
aoutiroqj finr:rndoufidun':luuuas{rnrnrTrvr^nr',un',r,odoufiqrosndu#u i6fildlunr:
flnurrfolnfrunlilfl?l{ do rfiot:srornndufirfiqlurdurfion Inurorilnrurfionr?r.:ru{rrynor^n

#rrlrr'nil ud:as:inrjnrurdon6n{rrrdrls,ur5'r r n;r oyrfienfiudu I ouo* sTrnrn 2-B n.

o uou do r?., hl n ru#u rfi onrq1tr t'h mir un v #r ay:iq rdu n du n u o eir r sio rfi o.: riu lil fi o c rfi o

ooounulu 1 nf;uilt{rratnltmir d'rntw 2-B qr. rlrfior:arrqr:rqnoirr 1 ro.rrdurfion r,$u qn x
ovuf uTd'ir1o x finr:rnduufiduuuturru,rfi.:oJsqrnfi'rvl^flmrrnr:rnnooufinuuouo,

-januflvflo{lnaun1il1?1il
4l

n't?rtYt 2-8

nrrr rf rqrorodurlunrlu olno'r*d z-g wlftuirrdunrqfi narilsr*q r dsd.:

el'ltJttu?uo.lrduaan ttnsfrl:asiofiuo.r14il'lun'lr:lurrrflu p rJnrurfiondrutar4n6'orTur.lr

p'ttir ffionarr?rudu eo dlnt^r 2-s n. ft{fiu:r r dqrJarud'rerlosrdunre,dulu,,ur#.:nrnfii

rduaaod:un':rrur$: u 6'.r#u 4nqerlurduarnnrsdrudrurosqn p osrnnaoufidrunarur$r u'i&
uavqq P filrflu:otreio:grjxdrufirnfroufitiurirufir,rqouau oaofioufi{1Jmrrcr.:rdru

n'rrrut$: .,, dorflun:'.rurfanosnnous,rilclarsturduarofuror enrlRr?l 2-g qr.duaeqlri',fiu

an rilcrorrduurrudu,ru,r.iru hJ t

Copyright by Mahidol University



riarfi nin srdr, ilu rinordsrur?n a

T+--

':vr.u. gvrnlulaidrlrlrralrdonr:ueflurnifl 0rnr) / 5t

nr{fi 2-9 dns€usnr:rnfroufirolndur..,un...ruluuu?rdunaer

o'rneildrrJn4 f, urndr uoy ld

0 1nn r: uniln rurdu a :q dil d rlrflrfi e nr: n n

nr:sr aryirfirL Il rruu slrfr nJfi uu l:J
I

9tiluu

F

Tut
Ft

Tut
mu -0

^E -------(r)\p

2.7.r.2 nf;urndoufinrilur: do nfiufiriru,o?rtrjluo':nnrsudr
q q.q-.. d s 6 - A ai A a I ICIunlnro{n?f]a1{ftu tuuu?rou?fluvtfl1l1{lto{nr:rnd'ouvrrorna'u st'rodrilgiu

odu"rr,,rfl (shock waves) rfludu ,uouou^u"luurlnaaoufrrirur{r'l:Jlud':naxudr ocvirl#

Iruraqatoldenarsrfinfirituo'or (compression) rrnvd'lururu (Rarefaction) du ad'lflulrj
odrssiordol tEiu dotnrsdorurfru.:luornrsosfirh?dorurfisrdu nfiurfru{firfiodufioanduu
i,bfd-o
frairu"hJ"lust':na1{to1Rrf,fu firhflIruraqaflo{o'rRlf,rfiqnr:dquilulu:rrqeieu uavoqivirr 1
q- ! A -is rv r r d r r - 'lulrsrfru uireufr-hraqaoqjriuotixuururiurEunir riruri'er riaurLFr:rufrlruraqato.:dr

nsrirhi'
id

nau[6ru{

. la I I d f r - '
nartoqjtTuodxvix 1 rEe,n'ir ttaucrurs olnrr,'rfi z-to
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Rarefaction

Compression Compression

[.wuu"r.ngtr, -l
n. nfiunrr:l6rir

nlild 2-10 nduolrusrrdqj:snoldrerrirud'e unvri?ullulu

aau 6'o rfi o du tarcd rrcJo s doilrfi u{6irs oo n rf ru lJ ur eln^qdu rilyfi deru rfi us d'ur{r

drutu t riauo'er uac I ci?utulu ;?ilfi'urflu t nf;u :sus:srir{riaude?rucr'lrjfi.rriauo'ed'sr
t4-rd | -4- ,--- 1. !-- - 4 je d q - 6 d 4 r jtljt:ufl?'l ft?luu'l?nail (wavelength : ,\) irurunduyrrnnilulu t Turfr tTEJn.jt n?lild

(Frequency : 0 frfiil':tJrflur6:s'd (Hertz: ru) fr:odrqqiurdercfifin?rilfi rzo r6:srd fifi0 rfit,.lfr

rirhi'rn^q tzo ri:udn uav 120 rirururulur?al 1 iurfi rffudu (:o)

lorurn'rhJdrgd'nusiii1#uorunf;uo,rflugrJlvrf (Sine curve) d'rnrnfr z-rr ufiorflu
t4 4 6t9,rd I r i d. s I L - dfl1:tu:uulvlulJ tfitilun?1ilttnna1{5sfi?t{n6iulJOlrdrll lryil:r lil (Soprano tone) rlactdu{rud

(Base tone) tyuXu'irrfiusIry:J:rJufiorruu','rodu#un'jr urifrnrrrufiqsn.jrrfiu{rila

lHl
Wavelength

Copyright by Mahidol University
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Soprano

Bass

nrflil 2-11 nr:rilEuurfiuil Sine curve Jsfi.jt{ Soprano udu Bass

z.z.z nrrilr$aqJosndufl rilsratueTrnnrluollil n

h- r--l
l+ ut+l C

(p+Ap)a

t-Lmqon,-
jj

tnnouyl

---d--- j j i q ulnlun z-tz n I : lnaou yt I o{n riu gt lil urrlur ol'[lr n

srrrnrnfi z-tz wtfiu'jrcJos'lfi nfi nar:nrururiu p uasn?rrdu p u:: qoqjluvioidfi

dufinind'o a rt:lduficro{lvarTuqnqurvirrir pa uavqnqudoroonri:rdrul{drurure

flo{tt:{ pi d'snrn 2-r2 n. dorirdunal t=0 h?qnqlqnu:ro-uunyruduufiltj"rrcr'rrdru

n:rrurf r' rirl#Iruraqnrorrornlmarir:ruurhqnqrrnfroufi hJfi aunrrrurf r u dru

n_

tl.

\ ,/ \ r \
,/ \ ,/

Wave lensth

/
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::rwd rlu6unf

:suu ut [[aulru? CD rnnooufild:suvnrr.,t

il?nro{qlo{'lnafirnfroufi m pvtA

Iruruuslrurosro{lfinfirndoufi rno : pvtAu

YtuYl?lJ?tt0tRttu / 54

dutrsl^ co tflu:ousio:vfi'irld:uto.:rostnafirnaioufif,ilriaucJorrorolrafiuqoruar

ttu? cD ovtnnaoufi Ios6uduornar'e?rrficlo.:qnquTrJvrrrcrardrunrrilr$: u d.rfirflun.rrrur$r

nuondur,'ruur:turo{nlfi n

n'm z-t2 1. uan.: l#r#u cn rfl cJorror 
olu 

n rruoonnrniru hJ t In oq nqu,oduuii ld

1 fi AP tfl u n a t ru riu fi rn'ru du l u ri a u r o s r o r lr n fi rn ado u fi In u :JFu r fl : ro'xr r o.r t o.r

lu n fi rn dsu td fi u ",a un y iliil rfl : d ur, u o n u w o s 1r n fi rn do u fi n^o utA

ornrirdtd'srnrruroslruqa'arfrrrj?un: (Bulk modulus : B) (37) fro

B : nrrrud'ufiujduulil

(rJ?rurn:firil6uulil1

rj3rurn:rgr^n

AP
utA

vtA

Bu
rtts :

v

u:.:fiqnqrn:vvirsiocJor'lrnriaufirnAiuudfiu (p+Ap)a unyrosnluarirudqo,,ro

n:cdrvtxdrucrartvirrir pe d":fiu u:rdnf,fin:vr4rsioror'luariaufirnfioufrosrvirrT:L Ap.a

o'rf'r fll:on nr:r:JduuJrurruusr'ru

- Ft : mv-0
9

dsfu LPAT pvtAu

Bu
pvu

v
zBv=

p

trv : -l ----- (2)
\pCopyright by Mahidol University



rinr cl'sr iyr sr a'0 ru u rim ut a-ur r.r'n a :n.1. 0vrnluTa6fi rururratrdonrrvt'aturrinsrn:) I 5s

q lilul?lufl o{ lrn Ieuos ldnrrrudrun-u f,rfl u

v:E
\p ----- (3)

nar:Jr$?cJorodur',uu',rluuvi,rinqu{r rrTdd'au?616u:iTunr:mrnerrutf rnuoofiu

4al
tfro y fiorir young.s modulus firri:urflu u^lsr1u/stt:t.rrtJ'r:

^.+-ttvp fio fl ?1il?tutrrlJurolrrvninq

Z.l .Z udnn:nfioufru (Superposition principle)
Ai^e

tru ondu 2 fl u?u r?orurnndtcJ'u'lil rnn*oufi hj1ud'annrq6 urriulur:nrrd ur
-Arlua,,i-riu nn-ut?rcilfuov:arud'utflunaaurdu: 6sriir of,ur.u uayn1flnr:dou'unu,u t nfiurcfi
,- -.y_..4 4 o : o a il
:':run'urflunfiurfiu':fi ovdrrfrnnr:dogrrm:n.(Interference) du drnf;u z flu?udllr?orlnrn

1o{d'?na1{finr:u{'e'lilntqsr'urtYuud'l osdit#naau:'lrufinr:to-ofrnfrfiildu rravnl:riler
v?rv'il
dn:iosrvirdur{ar?n1o{R1:tfrouo{nn^ufi's6for Fl'qnril z-t: ndu a unsndu u uh::rutiulu
n'nunrvfieronnaau rfirl#nf;u:arufrnt:rd'ndnfr**undu unsrirh{rfifln1:rryrEr'rdoerrruurd;il

dU. (Constructive interference) (3 8)

EI _* b +-

4l
nl?IYr 2-13 n d u u,,u, o f; u u rch :'r ri du'l 6'n fi u : ur fi n r : cJ 0'e d'il f,i*^u du

ti'r n fr u 2 uJ ?u d r}fl o r1 n r n d'r n n r q fi n r : r frn l u n^fl m r q n : s di ru #u udr o s ri r hln f; u
4eqJ_vvltv-AJ-j

:?lJtJfl1:l1lqailraqa{ . unvf]15lnnanf 0stvitrluruanuro.{ln1:rngflo{na-ufllaol nlnrnfr
,\ ,\z-v adu a trnvfldu u rr?r:alriulud'nuarvfisoqnducror u lnrilriufiornduros u r,irl#nfiu

4 s o-q96 u 9t u:?ililn1:U0flnAflq tlAUfll t?l{Rqnl:ltyl:nff00ttuU?inAl{nU (Destnrctive interference)
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4-)

"iinrnyi 2-14 na-il a rrasnfru t r{r:rrufi'uldndu::rufiR15rf,nnna{

Z J .q n'ls Auflouneu(Refl ection of waves)

.-4- -4- _d i .-^,-!_.-e_ _4_ ro r g-_--.4 e q i dril ofl au rnn ou m 0 1nI r?t n.: fl injq n n-u bJ gu r{rn=l drfr q I rr{ 1n 1 na u 0 e ilf.t.l:

acdoundu ifivrrraoslri'rfiu.iro r 6o t,fidan^o{run.rturirfiogjlunrngrJfirfi6uil und?fioniu
t 3o9/a v I o rn | -t .Z J

a.:rjrurirhi'rflufisn'lvstorrsiorTul:J rrffienfiur{nnilrndouiikisrrilfiul:Jorntrnrirrfirodu

uas'lilsur{rtilnri.rts.rnrprrir orr#unf;uriracdouna':Joonilrd'{rn1?rlJoir?{f'railoqjuonnror
I

riroontrj

E 
oqu dnar.r clo{udtndu avflou

lo€A
tlila{R1[u9na' 9t4

u'lnauqnn:svtu

j ^ -- ') 
j

RlT{Yt 2-15 f't1:dsvtou10{fi6iu?{flail
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nlilnrilfi z-t6 rfluqooladridlddnor'l{vr#oruudr fisrhflnrurirru^ornaiuunvfialir

woA pe rflunrufil#nr',uouou fiiotiun'jrrfluuaiuay#uu ,duuu,rofirrlunvr,irlr?nrudlfiel

nnannrfiqnf;u,duqro,nnooufir{rrrur.iuasvlou riunnf;urilrird'j',ofiurnfl:cyril (rncident

waves) rtacdrl#tfietnf;uaydoil (Reflected *ulr.r) du (39)

ol*d r-te nr:avdouqrosndurdus'ro

lrflryru{irrirouournnrrv,rn:slir6'ruaiuasfiourfl u 0, unvryrufi urhnf;uasfiou

n:sd.rfiuuliuavfiourflu 0, r1n:ru{luFrnnr:mqao{wu'jr 0, : 0, rfiorfiuunrrrsl^u.uo{

odurnorrrrl AB loernrnl#e{{nrnfi'uvrfinuor"norrrr ornqfl'n nrnrdu sc d{qrnfi'il

r.rrirnf;uasfrou d.rrfu ec ovrflufisnrsrfiuclornf;uasvlou 01nqn e nrnrdu eN e{{arnd'u

tuaiuavdou PQ BN ovrflurdurJnn' 4ru ABN : 0, rEun'jr4ilflfln:enu (Angte of incidence)

ryil NBC : Qz r3on'jrryruasfiou (angle of reflection) dtortaqilnqnr:asfiou'ld.'jrrfforfin

nr:asfr.oucrornduudr ryilnnR:syruovrvirfiiryrudsfrourailo nqnr:avfioudarrur:a1d'lp1
s ur ro s A j &
la8 [il1'lnnn?1ilu'l?nnu ttnsflu191lJo{lJu9lf'rf't:sYlul0{naunRn:svtuvt{?{aleJq
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2. 7.5 n'l : 14-ft t?,t fl o { n nou (Refraction of waves)

A 4 A i - A h rqa - i - A
tilonnurnaouT0'lf'tn?fl n1.:?,t u{ t1J u.:oRn?na1{ilfr {d{n'tnfr 240 nfrulx

_t- e 9t q rv 6 A ! 6 u t t h tO v6r?u0utfl9rfl'l:clvvrouflail4n?nn1{rail tlasnauul{d?u0slfrgflr:ilnrHr.t1urt1 til [usrrnarl

fi z raruo r{uusi'irfisnr:rnf;ouficJornduflnn:svrlL

drnars

rdu:Jnfi

f, nr: rndoufi fl-nrfi cr olndu

vr^dnr: rn fi ou fi qrorn f; u avfiou

fA
a1fln 2-17

oaAAta
aRUElVfl'l:?1fl [14fl o'innu$Jorulu9t?fla'l{

vt'f,vtt.:nt:rnaaouficJoqnf,uflr'rfr:syruoss{rnrnfiufi'::or,eis niol:Jflruuu'lrdurJnfi

cJ o r fi 'r :o ueio o rn grJ fi rru u uapn lriu1u'irrdo n f; urn aioufi uh TrJtud'rna Nfi z ude n ?ruf ?

ro.:nf; uasrdouas drl#fi fln{nr:rndoufi clornfiurTnnruuur{rnrrdurlnfi

q d A ! J a 4 ! 3 ,u 4 3 , 4 d
run: il1 o{nduulilun?'l:Jt:?fl o{nnuu10sllJogRt.Jn?'lilnR1o.{ulRa1?no n?lilr:?

4' 3 o ! e tt d d o C , ! - C o qe,
1O{nAUUlU:t?otU19lU0sAnUOUA{r d1tfiqt?'t:'.rsiln?'lutduoyt'lurft9tflu:sfi?'l{u'1nil1{u9lu tgl

ti ti" 6'oriu drnfiurilnfioufiornrir?cudrdnlilfiiu?manird'u,,fl, n?1ilr$?ro{nfiurimc

aqa{ uasrirl#nlruurrnf;ufiriraqasd:u fianr:rndoufiqro.:naaudqrjduulilfiru 6orfio

' n1:?Ynrflflornf,uduEr'rnrnfi z-ts 0, rflu:pnnn:yvnl unv 0,rflur1ufinrm

n?flal{ 2

firavfiou
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9.t?:ou9ro

,r 4 d i " ;t'd
v2 ttau A2 lilun?1ilt:?ttaufl?1lJUl?nnu tuulgtu

v

f

f,

f2

fl,
v.:
/L
yt

4
v2

4

yl

4
vl

v2

n m d 2-1 s dn u or s n r : u-n rfi fl o { n nau fi rfl u ry ru or n n : y yr u ua s r{ u il'R rfi

rirnuprl# v, rrou 1,, tflunarrur$auavnarilur:nfiuludldn

d4 i a{ q 3. Yi o q
fi ltauq tuun?lil€r1o{nautuulnnltauulnualilalnil

01n

A
?t:o

v
9t{1lu

4
14:O

Ai46rc.Adea
lu o{ qlfln?ruo{o{n6iulflgt olflrtr a{fl rtriqn 3iutgi u?nu 9lo f, : f,

v2

4
+ --------- (4)
rh
I

t1nnlil{l{uu cA rflunarrsrrnf;ulurirf;n

runs BD rfl un'rru ur?n 6iu lu rir s'du

sind, #:
I,

L,

?,",
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^:_ N BD L'srna2 
AB 

: 
AB

ds#u +g 4 -----(5)sin4 L,

ruas sin4 vr _____ (6)
sind, vz

ornnauoiotill,fiuti.tiud'ru,nd, n'lr:rdacroqnfiuocS{anuurfu ororir'l:Jld

of;urutfiuafiunf;uluvrvra'ld'ir rir'l:rrfiosroufindurnf;oufir{rlndsruflr 6sfiuurturufi:r

sreil rrrtaliu tarlo rdon'or:andufi rimarn'.ror'r"rfu o vr# u lddrrio uaron s lillu nvrn fi o

o4.
t tu :fi r 

ry 
ru r u r or fl u-q rTtt sr ufl r r ai i tq I q tq 

^ :{ r 44
fl?u10{nauyr0qlnaflur.r,{nvogluu:[?firyrniln?1 0{u

n:rrut$rfioun'jrci'lutornfrufioqilnaoon'hJluvrsra (40) r.rionriralunr.:nd'ldunoo rirucrol
-4 d !q 4 d r , A i 'o 9;4 d4 oes A !, ,
naun0g [na 0vilfi?'lrJ[:?lJ'rfln?1cf?ufl0{nauTog tR6?{{ r.tanfioytl tl4rlu?nauil{[[u?nou 1

rr u r{rrrfl r Iq ufi uu allurufiusrufl r d'rnrn{Nrirsd

la A i.{ d
ulAn (nciuyriln?lill5?q{)

!& A ia a,iulnu (nnuniln?'rrJr:?9r'l

YYV

i- - -!-- 4 3 aA r & br - ^<A A A, o'
drnsraovriou "l finillnfiu4nfirfioilxornnu-p,l{oon'[:J dililfriindurnAoufrr{irr.rrilllqufr

s'ttmsta

nil rd 2-19 n fi u rnnjou fi r{rvr rilq rcfi uu?fl lnu fi'usl uil{
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ualcvt9t?fi u'lau u?l'l?Ytt lau|Jil na : vr. ru. 0 vr n Iu I at fi ru ru rs c r rndo n r : fier u r n :-n ur n : ) I 6 t

z.Z.O n r: tdu:t:l u l,o.:n fi u (Diffraction of waves)

0 rnnl:finurn1:fi'nril rornf;u (41) ldvr:rrL'ir nt:fi-nrfi ro.rnduriurfi n rrn
d q d i A rj h r - A A A i' - i , v

n?1ilr5? tufl1:rflaouT10{nnurilnuu Iu 0utuo{tJ101f'rnautflaouytillufl?na1{ytttnnql{flu
4 9 | dt s a d v d d a - A ny 9 A a d

?150[t:Jugl0srlju9r?fln'l{9'u9t9rtj?f]uflgr1u nolntf'rgtfl1:?1fllfi10{nau t9t 0'liltnnnutnaou?t
h r Aa I et i d a - : & v I r i < io
tiln:sTile{{nq1?1{1J1{rY?Urljl flnUf'r0stnqfll:fif'[iltnu?ruulju 9l?ou'l{tsu nau[du{mln9

tl

nr:tdu?tuuttorndun:rryruoron virlr{r:rlds^urfrurornurririirru^prrfiu.:ldIqerfilillduluurrir
o A 4 A ?a, d - i A i - Aa a :
f'r1tu9ltdu.l nauu'lntsutgru?flu ttJotnnouvt9tnft:silunild{nofl?'l{ 0ytnaR'l:tng?tuu10{

tYA 4 et v A4 - i
nau 1u111{91ililn{10{fl{n9fl ?'1iI9{R 1Un 2-20

j--^ i ! -Ao ea : A
R'rlNVt 2-20 nAUU',lnnfl5yytlJfllJ?f{lftFtfl'11{ltt6?tf]af't'l:tau?tu11lJlJ

4i.,4oia,iAY,,oY'n,ylnauu'lgrfifl:svlljfllj6l{fr9c.r?'l{yrtjso{lrnu 1 lilonaxJu'r0.rluflo{rrniluu tuua?0srrtl
Ut ^- a : A I

uuluo0n lil?]nmflyt1{ lfl Ftfl 1:tau?tuufl o{nnuuuq

j--- A 3 -Ao ia, e^ ! 3ff]lln 2-21 nauulqnn:sTUnud{nes?l{milso{rlnu tra?[nqR'r:[nu?t]Ju1u

rfl un f; u uailu dnu ar yrflu ri:u ld.rcJ 0.1 ?{ fl au
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2.7.7
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ITYU{

rfru{rflunfruflrtJU1? finraornfioufiuuno',o,,rrirrirru'nrfiu{udr ovr.irur,rirhJ
q- -!r___--.r- A4 d 4 c, dtng) d 9, v A9r^ d r
tun?fln1{911{ 6'l Yrt1jul0{rrfl.: 10{rrn? il:o[[ndf'rt9t rJquu0l04urnunilnl: tgtuur6iu{a]{ "l

:or 1 fir lorufiruqudoronvhiflfinrau'irrf,usliurpi^umrrnirururtuornrn drornrail:snor

d'relrrflaluln:t0u oonfitou unsnrfioulnoon'lryri ur{nuorrrnuror4uur-rtiu:x:nolyl
--+---...j^--"1 ^^'^-'.-..r,l-.t9- -v-..,r-.---4-9a i - I A d. i !t v d4
[]tl0vl0sTl{?1:CI tTlnln{ttauxJ'l?1:0u{ !r{rr6fa{?lnnutdu{[na0u7tr.t'lu9t?f]n1,{1J0{il1.:f,o:1{

uf I q oi v A s dq A 4 I e) i 4 il v:n"tTl lunt:lftn5or lryuri:-:tndurduravfiounrnf,umurarfio0st{1n?1iln4ftro{dowsrnuu

firflunr:uao.:fi.r'jrnfiutfruqro^uvrxnirud'rnarroirrila? dorflrti'rld,.riurdurrTu nrrilnn^4

to.rrurtrudovld8urfiwfifrnrrrudoqjluri:l:vrjx 20-20,000 r8:st,f (+z) drrirn'jr zo r6:nd

ud?oshjlds^urdsr oeir.rl:ffsrrrun'rrrudtornnaurfiusfirirlri'rur4udldu'uriu doruduoqifilr4

toltuiavqnna uavffiduoqitTuorgro.rusinsnudru 0tflR15nnnounr:'lffiunu'hqnnafifr

u',qqodu il:vatmr4ovcnqn:ril'l:eiorfiurnrrru6q.r 1 niu fffrfiorq#.rusi oo fldu1:.t fnov
14 ! | Ur,fa 4- ia ' . l& U t rlfl | | dt I I'tririou"leiu-utdurfrilnlufiq.rn'jr 8,000 r's:nryclu ru rrsr rilnoenfluqrJa::noionl:?Xetrlnu

a , i d aiol' t)

rurntin tu:rvdrnrril6crooufruslrtrurifildrtrnquriuriu snru:JnfiosoqjluriN:vrdrs ss-t,ooo

16:ndrvitfu rfiorfisufiilrf;urfirfioornriluuIu drfinll6oql:vn'jrs 27-4,18616:nd

z.z.a dq:rr$rrornfrurdul

dn:rr$'rzuosnnou,fru':droqiflurfiorro{d'?flar{ finf;urfiusrnf;eudrirul:J
4 ru A - !, I o a e d €t 9 4

uarfiuogjrTuqiuilQfito{dannrsulu 1 d:o druius1rnarsroruils lJo{rila? uauurid tiril
a I q I 4 i jnya j o s dqanrqfrtvirfluudr tdu.rovrnnoufr "tdrirfi qsrlusTannxcro{ufi t :o{n.lilt6ofl oilrfi a? unc

trfrasrrrudtd'r rfientutortrdsosfi6'o:rr5uj:vrurnr ts rvirrsrdsr:rrf rrfissluorn'rd uasrfiuq

lud'rnarsqlostrnrtsfidsr:tr$rrj:sillar 4 rvirtosrfiurluri'annxornro dr14iild'n:rrf 'rcror

rf; u{lu 6':na rsrrs sfi o q'l do r n or r : rr d'.r si o hJd
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Milalfl 9t?il9140 ilil1?n01autliloa ?yl.u. (rnnIuJa6fi Milrgaurdonr:n'erurnf,1{urn:) / 6t

dn:rrgrcjogfienluelrnat{ul.:sfi o (43)

n?Ra].l qnrn4fi fc1 ffn:rt5a (-rr)

o1R1fl

Jtntllnl:ilou t9r00fl t9r9l

tns
tg tFtSt0u
9t

UlRAU
I
o

ulngtn
Iu:ovl

oQil[uuil

no{[[a{
;,

o3R?

d
lflaR'

0

0

0

25

25

25

20

20

201

2A

332

259

1.,284

r,498

1,531

1,450

5,000

3,750

I,210

5,200

do:rr$:qorndurfim (Iprsil:silril) luornraur.?rfi o:c rvirdl 331 run:/eurfi uas
v.ajiia:et'
ri'n : r 15 a o c ru=ru ilu rfr o q nr il g fr fl o { o 1 n r f, rfi ru r*u I sr u rfl u'hJ n 1 il ail n t r (44)

331+0.61 ----- (7)

4qdafro dsr:rr5,tro{rAo{fiqflfiQfi fc
n*o qnrr4fr.fubrornrnrfl u'c

Yzs 331+(05x225) 346 lusr:/iu'Ifi

6l o o - ' d d hf, v q I r q
tuRl:n1u?al o10n1u?ilfi10at'ln?'lur:?10{tduir tFt0lRn?lrdil?Iun:ufl?'l{CI9t:'l

aji.st:? n?lilfl ttnvn?'tuu1?nau no

fl, ----- (8)

AqdAdr-ano ogt:'t[:?1jo{tffu{ltllu ttj9l:/?u1vl
4iadralno fl?1il6rfl0{r6fu{ruu ru5qry

aAddt
no n?'ltJU'l?nnurrYU{tlju tljgt:

v,

iltJO v,

t

v. l l v d
el?oulitrsu oet:'lr:?1,o{rfistluornrau#sfiqarvr4fi zs "c 6o

v
AllJO v

f
/r
lu

Copyright by Mahidol University



4at?:n{s cluoun: yluyt?u?ttun:tri / 64

sTrodrlrqiu rfiu{fifinrrud to,ooo r6:srd1uornrf, osfio-sr:rrTlvirtor rirruorlr?naju
dai-a

tfYu{iln?1ilU1?n0il 3.3lx10 - tugl:

01flv:fL
(10,000 Hz) x (3.31x102 m)

-Jvd4d
O{UU OSI:1t:?10{tf{U{ t1J01f't1fl : 331 m/s

2.7.9 n?tilt{ilfl0{teu{ (lntensity of sound)

4 A a i A rn,
tilonhutauctnaounoon t:Jornrrrrisdrrfiorfiu.r oydrrorufii.:rusr'prda'lilfi,lu

-4_..+..._..__ --.d.er 3;J d vtrtu - i rnr y A 4flnute{u{nnn:umua{uuTluvl t9r }lumuun0u t6:uila{{1u0tnnn_u'[:J n?1il[{rJTo{na-uldrj{
^.^^q_--<4_ _..e---_.-,__^4- e. -_d & A, , AJ - A J 6lal l9lto 6"1 nno fln{l'luu0{lflaurcfu{vt9lna{ulJTluyt 1 a151{fiu?uyl9l{a'tnniltril?nn=uuu lu

I firjrurra'r (+s) drfiarunr: d'.:fi

----- (e)

tfio t do nrrrt{ruro.{rrfiulr frvdrurflu dnp{/nr:xrusr: rfiu.rfrfinrrrur{rururn 1
4ol

o'l0tuuouet:tueloHtlt:1stfiurosfina's{1uil1n ourirl#16or3rn^nnr:dudauuoruvrfigorfin{x

ilrn rirl#rfluduor:roeiorder4 uns:uilrlflatnsirt "l rCI{n1:ld0u dloqjnrulu4 orrru:Jnn^r4

flo{ilUuttdrlr:cr'ld0urfimfifinlrur{ruoqi:vr,r'11{ t0 
12- t Ssrpfisrr:r{rilel: Isrer'1ilfid'un:ru

tiutd

23.10 :sd'unrrruttlrutoltfiul (tntensiry level of sound)

A /hlra 4 j< y i Lgt 4 -t), v t.
tuo{0ln4'tJquu tgtuulnu{yliln?]ilrttj9il el{ilgluourJ]n no 10'- ?9r9r/9r1:1{

4 d id 9) a @ d. j dr t ia y a dl
t:.Ja: 0u0.1rdu{miln?1iltljlJu1f]fl{ I ?9r9r/9r15'r{uilq: cr{tuu$?{YnJ1roljt1Jan?1,$tJ'1fl rlluljrlju
v t ltt:l/{ ,- 12 r 4 a qyet I e , 4 A - |

o9r:td?u ta0{ l0'- [Yn lt.quulJ tstua]J1o.t:unun?1ilt11Jldu't [Tlo[[dn{n?lilrlnnn'l{zu0{
gt I d - d adr i q

n?till{tJ :s?{i1{[du{ z rfrus arurusrtilu x rrou y cu{oeooflrJltu:ilqlo{lofitiln (decibel : dB)

-:0{lu

E

I:T
A

4fi:0
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. 9r-.. --- 9. +- | . I d- dt 6
:s9lllfi?1tjl'lJtltdu{:v14?'lil x ttOV y : l0 log (nelilt{iltdt {tO{ *) tilUlgtclitUn

94
n?liltcjtJtfYuilflo{ v

rfton:rruavq?n lun1:lffirif:r6'uiin?rill{rJUo{rfier.:firur:Jrn firuusdoy'ldOuuvru

n?lill{tJfl o.rrdu.: y d'.:riu

np : l0log( I ) ------ (l l)

t
rnao B fro :voTunrrilr{rurfiusrflu rofinla

I noo nltrur{rurosrfi usfi dornr: isrrfl u {srfinr:r{rrun:

Io 6o n:rrur{urorrfi en,ulu.rn*ud ov'ldOu 6o t o-'' isrpilen:r{uJe:

iv
er'r:'rsri 2{ : c ar il n ?r il r{l rden r rn um eilfi rru^sr six 1 (46)

toq
. $HA{nltu9l rsh"unarrurdr.r

rfrw 1an;

narrurililrds,r

(wm1

tt4
n?rilgffn

< -i A d r

rdu.{r9r { Yt 1{r: ru r0 u lJ ?Fl

9lI
Tt'r:o{l
aAtol

r?{u{ilu [?1iu

dd
r6fs{a0nfiqolfinn
dlnl

tfIU{5n t}l

rfi u{ornI:s,qruqfl dr14R:Til
d

tdu{r:0lJ::qR
d. A iory

tdu{ 0 lfitFt:o{t0'lcYt t6ltau

ia-L
0 uu yt u f't't : 0 : 1 0 : fl un {
o s iaa

ctlu f'r { 1u vltJ [6tu{ : u fl ?u
q9)

fl'l:a{uvru1 txllJlu
d6tY.ioo

lfl u{:un?u [uu1umilnilm1{]u

rfi u r n rxl il n sr^1 u dr il'n { r u
6aqgt

t?tuil?ytu tu1Jlu".
d q Y d rq I d

lftu{ [uu1uil0gnu0u]{[qux dl

oula
d'lun{'luff?u9t?

110

110

100

90

80

70

60

50

40

30

I

10''

10-2

103

10'

10-

4
l0-

10-7

10'E

10e

r?rurJ?flufl?4

fiu?f'r14q

lcfu{9{il1n

tdU{91.1

d'trJrunar.r

d
t{lulJ
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i,
9r1:'r{1i 2-6 (9lO)
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toA
Itfia{Rltuo :sgr'unatrut{l.t

rdus (an)

narrunTrurdss

ff/m1

tt4
n?rilgdn

l:rileJrt.lrn

tfru{n:s6u

rdtJ{lu'[#'lilr

#0.:rfiurfrur
d j i i rncr^

rflu{rlj'rnqamqrsil teruu

20

10

-tn
10'"

10-"

10-tt

tdurdouilrnru

tfiouhildu^u

2.7. I 1 qnfl :rfryu^n (Ultrasonic)

i a r i J hi,ra ,oa J a r q ,) vtta 4
n?1ilnq{lnun?lvrqlJquu0ed1il1:6r tetuu rrgtdet?u't{su9t r5u rlul nrsnrr ol0l6uurdu{
-4e----d-. - 4 l aqet I I j s 6 nte imiln?1Inq{fl0{nauqan:1 tryun tfl nl{n'l?6{1il'l:n6f{nnilEafl:1 lcrun00n tilq?eJn?lild

rj:9rutnr 30,000 ds too,ooo rE:srd rrujo'l:Jn:vyr:rr{rrTldfl{raforrrunurrsu^sr finvasfiou

na'r'hJfr.rdarhrnr:6n rirhflfixorafriruurirrorfisriurrirriu uavnyfiu'hJfiifiurfluorrr:
f4y i r4q91 il ' o q rra 4 ,nrtra lfl : o{r:q'r: R rryrn'nnr:rdurduariufi dru nfruonn:rlryfi nnrrur:nil'l n4rfl elru let Iqul#

fisrJ:vo^ufrnrnfilstan?nfiTl (Magnetostrictive devices) dsor#oqnraruri6qro.:Ians:.Jl{su^o

triu u^tfin n5odurrf rfioqnnrfiurrirdauaurruurirr6nudr ovrn-nril6uuurJn.:qrurnuns

oariluta'1il r,irh?'tfiqnr:a'uunvrfisrnniuqnn:rlwu^ndu 6niirurqfiol#rJ:rnqnr:nifislvo

rdnsrFn (Piezoelectric efrect) ?6nr:fiolr{n:srralylflraa'lnirur{rl:Jluiar;lrrtu'n tsiu n'll
rufinuavtry:rru^noirtl d':rvrirl#5aq,"rirdrfirnr:ri'ur.iruyn{ n:1udfi?rryof (t *.ducer)
4i a /dr - j o tt A ri v h t9, dt @

tuo{01flYt:'lufto?rryoTt]Ju9t?yl7t1?tu1yttilauu0lnila{{1u tTl}l'ltljuiln{{'lufla

n n's s r u n a 
ohj 

rfl u u n's I r u ld rfl r

rfiusfifin:rru6qsn'lr 20,000 16:qddulil6un'ir qor:rlwu^n duououdfi

4
fl:on1n
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^--o-.-i--A_ -_--__l --t e F 4 s a 4 r a4 rng, I
n'r:n1[uofl nuqnn:1 tryunf't1:nlrunnnuqaq:1 teru nilo g14 a'lu?li t6uR

2.7 .r I J i6 na 1ffi6 rd u:fiu nr:d lfi u.: ousr3 usirylAil: sdun?1il6
A d 619,, r

fl 0{naurflu{ lfi 6I{f'r?'ls

2.7 .t r.2 ?6 l#dru tourirrfin ar: nrjrr 6n (r.riu ril 6n u^rr'r^n) rfr old

irdrurnorndulilurirfl6n firsrno'rfiforurusTr unvludruo{rdu:fiudruviqr.r6nflnrilfiu?
.q

o o qg,A r' d d'ac q c 61 9 4 - 4 - :ulvll lfitflglrYultJtttJtfian fl0vuolul0 tufll:vt1 [1.1149t?,t:oflulu9l? cr{t{noilil0efl1il1:nd1l:J
qtq a i o v i a ildlu n r: na-ornn-u nrd.rr;l ffi ofr n'lrru6q.: 1 ld

2.7 .t | .3 i6 1 fti r u r o ld fl r fi r }fl nr fr n rfi pr n r : fru er y rm^o u dr u :J q' ffi u r
i 4 a4 o a ai a<a io qtq s t do t

Piezoelectric 9f{t:Ju?rn1:Rltunnctu?titgru?Luuillslun1:9t:?06{0uafffto:JRtmlunt:rY{lttnu

- A s a 6 o r d A dr : , i- 4 a
::Jnnuqnn:1 terufl 0vQnflan01R?dErliluran 1 ry{rrljusud?u?r9r9l0'lfl9.raRlo{d1:lJ1{su9l

fi6un'jr Piezoelectric crystal rJnfrnr:fiflt3usshuotruf;fl Piezoelectric oroqjluantildHEn

fi'mfr 2-22 Direct Piezoelectric effect

+U U:0 -U +

t-f,[-ft-faf l_lq_J='
j

n]ilri 2-23 Reverse Piezoelectric effect
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944oqtAi061 9.,t4f'|1:vr1{lu ttlollu:,lR'luuoflutf'r:emlftuttHur{nflu 0yvn tfin?1ilflu'llJo{ur,tuttan

r:Jdsuu:JashJTrjoqlluanmfiaruqn nioUofilt#rnsraurru'lyhilldu n',nr',uel^'rurirvi.raordru
r4tS

to{ttt'rut{ar'rnreJ tnfivt3u ovarilr:nsioarul#lr:rrnn*oup.iruoonlr'ld nrnfirn^qr8ilGun'ir
t9

"Direct Piezoelecfric effect" tr:lfin:srirfidon:vrirludnunrsto{tt:{efn'ufisiorfios ovrirl#
6iqr,iro

lft I t t: { tn n 0 u ft : e t tef d a il 0 u 1 { a 0 tu 0 { rsxt f't u
Glsdqv

Itnv tuaf]u gltcmfl 4ilfl u
AIA

lilo0'lutt:{tnnou
--qqyut<i4da4-AA@44n:uttdflau tHnilttr.lut{nRu ilnf]flitsrflFtnl:unttnvrlua? til0t[:{tnnoun:sttd.dail:Jn?'lrJ6l

. ja a v j A js qy j^ d jo 
r

4St n?'lilnrqu?nuRiln?tuCIflo{[t:{rnnOuytil0u tl4 r{amtfl9l,ulJt5uft?l 'oReverse

piezoelectric effect" d'rurr:s,ndouil:cilril 300-1,000 l,lari n:v{urflu{'.r?r?s dl n9los
-.,-.-. -^- ^ 4 4 9) ql r < ia 6 ", 

j j
1/100,000 ?ulTl 0.1srs6f1il1:grn:cEu ll4rrHut{aflTiln?lu1,1u]rfiil]cdil rflgtRl:duvin?1il6i

a ,a o -Vt9,, | 4 qg i ah9,, I r A i II::lJS1A (rnAn1:nlm0U) tgr trruurunflil1{0s tflnllil615::tiu19t [qq{n?1tlr.turunf]vn4u'1fl?'l
A v ,9 oz A s a htq? ,A r h rll 4 v

luO.:0lnilUtsrY:'ltldtutulilnnuqAn:'l tryUfl tgl9l{ttslt:lJ0lUR:ettd tv'l?I1 t{4flfl0{?d9l

Piezoelectric ut.t$u^qfitn^qdunrut::ruryr6 rdu atf;ncJosr^urdurvrr4lrcu (Quartz) dt,flur.rfin
Aqtl -jt 4 o, q 6lr,rq - v q 9) a icy tt A j
vl ts6T:'l{naunlfl:lJ ts [u{]u9}:?0dou?rYE tuqn9tu 6'l r{nnn tryrr:1{nnuql:.ru'r?rlasflnualil

ul9, a j- or - r q , - J @ a 4
1,?1{ 0s t9l0lnr{Annq0 tUdnuflVgll{flU tSU n0fl{fl'lflnilttnil X 1o{t{nn (X-cut) ?1:Of]1:9191
9-qv4

fl {qlnf]ljttfl U Y lo,ll t{nn (Y-cut)

lu fl 0 1 :iu o vldnrdncr orn'u rduar qru ril#o un r u rn Iq uo v tdar: rry: rfi nd r.rn^n d'ru

n::ruiGdouh?rfluarqudr6'o:J:yarudaonr: z?oldar:6u 1 fifrqararurisfnrrudornr:iltr.raer

drrJ:rnqlunl:r{qildrurisfuorar:dx 1 frldlunr:a$xnf,uqaarlJryfindrfiiunr:n:ro
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\ ru^orro{dr:

\
UA\

qilflilileIlJ0{3f1:

,;, t
9tvft?tryo:

Inrun 'lsr

9t1tu9l

ttiltEuu'[el

911[U9r

nsfiarilnr

'lulorusr

attuil!ra

rdsr

llutljU?

14U:Jlfit

ntSulJ

lulo

tu9t

n'rrrurf'r (run:liurfij 4,000 5,100 3,300 5,460 5,740 7,320
gttj

ft ?1il 9t'll.t vt 111 no n a u

rfiur (to6 t e/iltiurfi)

30 27 26.5 LL.2 15.2 34

ruvlnrnofnr:siodr

lvhXr r
0.6-0.7 0i.45 0.4 0.38 0.1 0.2

Piezoelectric lruqd'a a 150-593 125-190 85 15 2.3 6

'ir.ifl'ln{ytlJo{n1:nJnuu

::Jclol Piezoelectric #g

1.8-4.6 1.1-1.6 r.9 8.2 4.9 6.7

udnrfloinr:siodrh'l

rflrcrornr:dunrilif,fi

KP

0.5-0.6 0.3 0.07 0 0.1

lJ0lcvto1T01n0 ilu11vltj'laurvoa rn.l. (rnnIula6fi tuursarurdonr:frslurvr:-uurn:) I es

nr:r{d 2-z q ar aru rin^ro{ dl:d'r{ 1 fi ldlu n r : a3rr n nau q n n : 1 Tryu^n (46)

:J:sfivrfinrrnrrornr:r:Jdsuuilaqr:rrnf;oulv'hflrl#rflunajuonn:rlqu^n d.:rfluwa's

{rur'ra flrLnr:nJfiuuwf,wrunnl#rfluvrd.:sru'lv,lflrovduoqjri'uiaqfil# rlodtoriaqrmrird

fiofi qararurirr^ Piezoelectric uasuvl n tq o{rolnr:siorjrnf;urf; elsnsfi

d : Piezoelectric fu qda nu u o nq iu dru risf lu n r:rfl u 6'r rir n aiu q a n : 1lryu^flq

H : rirnsfi tor nr:uJ6 uu g:J piezoelectric oyrfl udaraosqnrarurifilu nr: rfl ufri:-u
r4drJrasn4saqdrvtAi<fY{nau 01nq1:1.tr0ur14u?'r9r&fl?rryo: tnrua lnqlrugt ilqildilu9t tunl:nJu9r??Y{nauTq rlau

Ad u I d qacl '- j jA
nlI uuclnru9lu€tileIilugr tu n'15 5ufl nuns

K : Electromechanic coupling facto. dstflurirmr{mqufi0srflud'rrrasrsrl:vfimfinrvr

1o{n1:rilAuul{d'ssru'h,hilrrfluvrd'qsruna unvrilAuuv,tdslrunarflund'ssruTdflr

rirn.:firrrirfifinrurdrdryoioflr:sr:?0do:rdrurnnu-nn6unn IpruldrufinriluuJrfirrfr

-Arri-oo1 as.ruJ,ttav:ilnail n'lgt'l{ 6'l Tttefq{qildilua1o.19lsft?t9tr0: tfitu9t trut:uil tgt9tltu9l ttaungf]?tu9l1

h s A rnY r< d 6r ,) o oio - 11 4 -- ia
tu toriln ry{ tglt[6rq{r]J:uutvtuu [u9t1:'lsrla? [ufl5tttyr1.r'ln'l:9r:?t6y0u0calo{tJfl0{liln?ilil

rirnrrudruvrruoiondurfisr (z) pir rflud'arfioilsio:cil'jrsfirq:roaoutiufirduttufiosfirnr:Copyright by Mahidol University
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. a a .{_._.g_-sr 
- 

; A d. - A j t tn e

fl:?0doil st,:ruannduocdosilrit z err rfronernr:qqrdunftuuro{na-ufrasoon'lrJ d'triu

flvriarxrflr'lulotrst uasn^rfisildarv,loro*sqnrfionrurldrn:ry fifl't z uildqr rir rp dlflurir

tuvlntnofnr:rfiorusiodrniunr:duluuu'riefr ovdo.:firirdrfiqorvirfiosrflul:Jld orn{o

n^or:arrfiqrrn''rnrsrrlulotuq uncfirf;uildnrrlndsfiqaralriFfirrrrvarufiqo fioqinrrur::ilslsr^
aitsta

?r:ovt:Jqutr6l:r{rtuu1ld druiunr:ldfirGoilda,nlrorfiilrynrrhl rfiolornd'rrTurosa'lilt:0
u--.ut-

utu',oti''ld d'rriu lqufi?bjd.rfisiltdsrsrTalnrusr 
ulnnrrusr 

uuGuruulnnrrusr ,,urruilurl
'hJorusr

z.7 . rz 
^ 

u n u u o fi u q n n : r f ry u^ n u n s n r : ri r 
ohl 

l dhi'rfl u rJ : s I u sdil o a q il l dd{ ei o 1 il d
2.7.r2.r virl#rfiqnrrru#ou lnuar:urrodrs rsiu fifie @ipids) uns

s I d A uy- i s a dl:J:6u rfro'tdfunduqnq:r tcrun nnvqndruwfrisrur{r'li rirtr{fiqnru4l^4sdu 6.rrirnf;u

qaa:1lryu^nhJlddrn'rrruouejul#ud,,fudufiuqi:cdudnn.:lil ;.uurr,-uln,r,6urJ.rr''u
It
lOn:vqn

2.7.r2.2 rirl#rfiorfludililrq Iqsfninursranfldfirflr:mqnotrfiunu
9t I r a - J i v y tr ct}, , 'ud'r rl:rnq'jrrfrodrunrsrilufrqrrud.rtorn:r drrJaoerl#ouoqjluaurrurosna^uqnor:rfqru^n

dt c ct/ 
"7 o 4 4 v 

^tu u [?a ]u 1 u dl 0 s Yn tr n u u u tfl 9r n l 5 l6Yuflu u n] : yt t { 91? [ rn v f'rl 5 : ?u : ?il 6t91

2.7 .r2.3 tdri rnrrruavern l#urirnf o sfi ornioq ldrr.: o drr'ld vio dr* r'r,
j s a o qta s r ;' A 4 i q9r4 q

nnuqaor:r)ryunosr,irb{rnolrlrnqaro{dl:a1{ 6l du rnso{tJorn?oslffitavoro JuJ:rrru

qnarvrh::ru uavl:rilururaururrir '[driri6nr:dltlldlun'r:{rnrrruavorq rniorfiu,o$uu
6t9,,r I Ut9,
t$gt1{ 6"1 0u.l{ tot{a

2.7 .r2.4 l#nf; u qnor:rIryfi nfi fi n:rrur{rudr 1 lu nr:rirrie:hu tl:nutq

rfiqld rsiu dodnrdu (Arrt'drir) ndru,dodnrar (Myositis) glrfifiru (Rheumatism) riludu

orrrirnduqan:rlryu^nfifrn:rrt{uqr "1 rur1#1un1:n?uqil?I?f'r Brain lesions td ud-ttru

nuuoduqur:rlryfindorod:urorcn^urJudoqilulnl#unnoon'ld rirl#uarar{lurirr 1 nun'ru

flrulilld' uasf,sarilr:nldlunr:n:oflurioufrovqerTdriaer Inslildrl#rfisr16rrJen rio
aqA

01n1t[6{u?TlulJu
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ilfl cnn?n01ag il?l'l?Yl01auufi na 1r.r. (rfl nIuIaEd,t.tu'rreu,n^uorrfierurninorn:) / 7l

2.7 .r2.5 0 1n il dnn I : av rlout o.:n aau or o l#q a or : r lryu^nrffn dris niru r{r

hjlud'rnuTrllqun:r udrnouiurfiusacfiounn'ilIqul#m:ruao^lryofrfluo'r:-rdararrnr rfr
| 9 A a . - I d sto

sior{ttntosturudcyryru (Amplifier) udrlrfldcyqrfl{rrfle{ooflyn{0oRtlrotooa6alaalnil

rirhflarrur:oot:roqoiurvnruludrsnru r.riu ?yrJo{r yrl:flfiogjtun::rirur:or rfludu n?1il6
. S a v JAASI r I a d

ilo{qafl : 1 tctru f]ila dm tso g:y14?1{ I -20 rilnnvls:ncr

2.7 .12.6 q an : ren?u rf (utt *o*al d l#rfio nr:iu^o dum ro nlr,,*" ddo,
qy y l a qr,, | -2 v t e e

lsn?'uJtlltJen no ts:J:sillm 10 
- ?erer/er1:r{riln: m'.firfiiu,ilunr:flo.rfi'u'hit#rn^prrfju

- 3 rd A v t 6t r i s a rj dr v
d'ufl:rs{uurituotUo lr#r.rturi'lulnqjtosnfiuqnn:r)wunovuJduuriluna'wrunrrru3oul#

'd j A ct aja gt I -rv t
ttrirfrot8o firdrqaot:try1?urifrfrn?rruuirudr 1 flulo 10-z Snri/otr:xrilsl: ovolilrn'en?tilgoil

rurnnodovdrdusr:ruh?urirdsrs'o1d ruqnafru^uru'ldqn:rwrrudlunr:ifirii'uI:nfin^o
i oql,ld o i9 aa utngy d 4 r ei

dril1:fryroyrl'r tr4t?luu:t?alnao{n'r:?urqu tqFr?utu'rFrtnnil'rn noo:J:silrfl I n?1ilul?nnu
J t J q - u vtrr+ t4 t6t 

I r

flo{qnn:tertrusitvirtlu unvdrcrrur:nTuoii'u"tdanaslillurfro16ol6'd.rrJsvurnr 200

--- ---4 ,3- o i s ^ h rqrrq A s / i 9 o 'n?1ilu'l?nau u0n0lfluolou'lflau Ena:1tryun til l5nurn50,q tlru1: rilonilil19t'l[[?tu{1lo{
9)

r$odrrir {srlnr fiulaln:n rraen?rilfrntordosmsra rfludu rir'ldlnunr:risqaor:rlvr?n
.9

fin da t'hJ lu ri r udano uiu dtg 6uril n aiu 6ry vlsu nd'r {'una r fi ndu rn deufi 'liluny ndr ror 
o[{

I a hr o e '
0'lf'tuuRdtilt:nil1:cuvrr.:'16' lunr:finsiodoar:fiu:vu'irsriodrrir z iir fiornrir'ld{ruJflu

t9

ldnfruqaor:rlryu^nfi" dsorililner^ocldnaril6ogi:vn'jrs 20,000 dr roo,o00 16:srd
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4^l
2tvr{s Iuoun' ioeuasiinr:ifru I zz

I
d

uYrvr 3

v 44t AU
?nouas?fif|l:?ou

n1:eo-tldtflilnt:ifrurfiweoo{ (Experimenral Research) d.rfinurn':'.rrurflul:Jldlu

----9!^^rl- f^--q-r1^4- o. i< i q o a as qrr t J Gt o 6nl:ctrnil] t9u t$nautdu{miln?]iloq{ tufll:0lruufl't:?0u [9lulJ{lju9toulun1:91luuf]'15
Iq I ln td

a{qo tilu
I

:.t dunounlsrn€uiln1:
v

g. z du fl o u n 1 : o o n uu u q rJ n : ai.frn fi r d'r u n niu rfi u r fi fi n r r ru 6 q s
I

t.l dusrounr:aixo:Jn:oi
9q

3.4 rTu o ou nl:il o n o{lu#osrl g':ifi nr:
I

t.s {unounl:il:sil?auayirn:rydrua

v4
3.1 C'USTOURl:tgt:gilRl:

df ,t a a o- j j , ng r
r:JuRl::?1J5?tJronfl'l: 1JO{A4nUgil rras{1U?oUmrnU?flO{ tnttn

3.1.1

a':uil:vnoilfl o.re{{dnilonfi rurnurura'luryu^auetnsitqfiuoon'hJudausiu?fvl
9t ^ , r ! | a J; o ht" h s o- !
ffr.rfior troiriru:J:vnorvrdnn'sfrarrur:oavn1uldluilr unsnvarul6lu'trfu ilor',:u

da J
3.1.1.1 ff1:nqtt:{srrne (Surfactan0 frrfrrirurj:vRoil1o.qd]:lnfi

rj:srnvr fio

1) uoufioou'fl (Anionic) rfluar:fifirj:vq1v,lfirnl rfrol

olnliltnQntosar:nrrirdutaonynrulilovfirJ:vtrtdrflrrflual t6'uri Akyl sulfate, Alkyl ether

sulfate, Sodium allcyl benzene sulfonate ttGlU Sodiuni benzene sulfonate rfludu
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2) uoudoou^n (Nonionic) rfluar:fifihrnqafinvarurir

ovhifirJ:v1bthilr usiatrut:ndsqortTrtiltll1firfirnr:nsaru'ld r.iu Alcohol ethoxylates, Arkyl

phenol tlnU Ethyl orylated

3) unmdoofrn (cationic) rfluar:fifilrr,aqafinrartrir

ovfirJ:r1'hohilrrfluau lduri q"utternary ammonium rio eyriairriu* salt r.iu akyl trimethyl

arnmonium halides

4) uouldrnoin (Amphoteri") rfluar:fifiIrurnqnfiavntu

tit ovarrur:ntflu'ldv{{il:squ:nuavil:v!au duodfitlnerrurflun:sr uaspir.rroltir rdu

Alkyl betain

ar:aott:tdlfi: U-a detergent fro eff<vf benzene sulfonate (ABS) r.r5o eranch ailqyl

sulfonate (BAs) dlfiogjturl.rfrnl'lonrJ:vilrol t2-13 r:Jofidupi fiqn:In:ra9r{ilrunfi drd

qH. QH,

cH3- cH- J"-.n- {-.", cH{H3

ld'r))l
CHr SOrNa CH3

ar:antt:tfisn^: son detergent fio Lin"* alkyl benzene sulfonate (LAS) d.rfrqn:ndru

rTr.r Hard detergent rrgirflu Linear cfrain 6'td

cH3-cHr-cH 2-crr2-cE2-clFl-crL-cHr-cHr-cHr-cHr-cH3

.A
w

sd,Nu

dr : aa u: { er4r fi rdr sfi sr ABs un s LAS nrao a s u'l ori'r, d. o v fi q ar aru rifi dr d

J) nsru:tdsru^'lorouir (Lowering of surface)rirr,rrirfisf,on:rultnun?lruan:J:n

z) nr:drhi'riJon (wetting) le unr:drt#fi adil riarue'nurndu oti'',rfirfi s du

cvsranlunr:rirnarrucyoreunsdr:v dr{

l) nr:o't fi s anil : n oo n o rn n^'l (Detergency) vi rn rirfi a Eru: 16.: qo : vra'jr.rfi t
l,i

anil:nunsfrufifirdrufla
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4) R r : t tt ?u a u,Jlu dl (Emulsion) rfi tnhfi t o'o n : r u rirruiu dr hin v n r sti'r rn't

1#rfi e nr : urru noooqllu ri',,,u, o,u',: a cr fro oo n lil ld
5) nr:flosfi'unr:na'urdlil'l1nri lsurp"nsion preventation of redeposition) tit

---q-dq-.---4^--^e-^.--r--e-- v tq 3b,6rv s .utlt I a ea
?llJ1vl tunl:et{lo1rY{rInU:nflQnr0oo0fl il1ur?ila0uog tuil1 trJ tf nnilrcJrlilrnrvsrnrl:_ltn

6Y:J9{dOn

3.t.t.z Builder rfl u ar: il : ynolfi du do u to qnfi ov,l odril n vi rn rhfi untArJ

rJ:vfrmBnrvrnt:fi1.:1lJlJo{ Surfactant uunolodffokivirhi'aa.ranil:nsirr 1 fiuqnoon0rnrdu

lur{r{'rlnrild r,itnirfiqiruufinrrrun:sd',unuorillrudrlfi'unnr6eril (ca2) uayurunu'rfisru

(ivtg*) nflnvRou drTduriar:luduildoaryln uns'ln:'lul:deardsr dsrfirhi'rfiovlorararuoqj
| __ t ld dat A s d aa

il: gil'lal 30-50 nJ 0:tcrua ild'tu p{dilcJostncio [rytgt uilryotngl
octAglqvl

yt 1?,t u'l Tt u o,i fl u n1 : n n n : 0u

flo{Iafiu unsflorti'uafil firirunralrvirfii s-ro nlofrfiud lsruilno^r{{frnytonfrrbjosfi

Builder r.raru o qjrJ : v ru ral 30-50 r:J ofrdu si
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(qornnlnr.ril?n {)

Ig
3.4.2 fl uelouR'l:maao.:

1 u n r : m e n o.: dn ff r t dl#n { ru d": o d x fi ra' o n o r n il : y ryr n : fi r{l u r do fi r rn ?o.r

-!--J-.-'-- - -d-e-.-.q_yy-.. -r-i-r,t_tcl_.er_. - 4. I u ' Ja, v I j.t e
q{?rilel1{ 1 fr u urulf fluoqjfl ':'ttJluf, n qfu frrnrjrun-rotixfirfl u drunuil:yryr n:fr rfl urdoffr

g
-+.i5,l4r,ra__49a'jo9
05.: 1 tiu IEru'lpirot^or:nnlfronil10rnr{rrrisrsir,: "l frrudsrornrduluplaru ,firuru 6 sfin :rru

I

rzo fru 'lduri

3.4.2.r ffrluaral T/R/L :srirqmlyrffiu Toyo r:uou rrasn^u^u 300/0

1ulon?1un{r.r gs lryufi'tilsr: fi?uJul? 38 rryufililn: (nrrururor:grufirn-roeirtriruilnr:
A9

nqdoufr{noro{ JIS-L) drueu zo 8u

3.4.2.2 firturual T/R/A :vfidrqilIm iau 65yo r:uou t7.so/o rrns
I

016[nn 17.s%.uurafl?tiln{rl:g lryufrNa: n?luut? 38 rryufrrila: druru zo fiu

3.4.2.3 ' #rlst{ari rrw zvui'nrmTn:ou oo% $avc)u&ni qoy, rulel

nrrrun{rs :g rryufirilsr: n?'mul? tg rryufirrsr: 6ruru zo du
a

' 3.4.2.4 p1rlunaru ryc :vrixryrlnnu 6L% unvflru 39% tutnn?lru

n{r.: :s rryufirrun: n?rilur? 38 rryufiriln: druru zo du

3.4.2.5 ffrlsruail ?c :su'irsrmlyrlouTlvo rrasflru 30% rutqn?lu

n{r'rg rrufrrn: n?1iu1? 38 [ruf[ia: {ruau zo du
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'::n.rd rluo'unf

3.4.2.6 lxrtsruail ?c :sfi.ir{rytJn:ou
9.1 arulnn?1ilniN lS rerufrrilst; n?lilu]? 3g tsufirilas dtu?u 20

r'oqua;ffinr:iio I eo

unyfllu 30% fin:uvir70%
I

5U

3.4.3
qovqr99t
riunou nr:rirfrrpTrodrr rrardrvrorfi rJdosoon ornrnio,r#n #r fi 

uldornnr:

3.4.3.1 irn:rvr{qnrarul-finrsdtilnrsRr}rfl or#ro'rodrs rJ:snoud.lu

Color change, Tensile shength, Shrinkage percentage ttdvAppearance after laundering 1#?6nr:
a49i
?tfl:1sfi91?Ufl:UlJ?Ufl'li,Yl9ld0UdnmOU'l9l:S-IUfl0{ JIS-L (Japanese Industrial Standard )

I I a a 4- -,-is J v I J ol) 9t'll.tilrsdytrr{n no r.tamrflol,u0lnnt:rynfrl Blfirnr:
:J:srfiu s odr 'lduri

(t) n?lilrilAuuurjnrtordffrfifirnr:dn (color

change) lunt:nnnosdnffrd'aodrsdeu?6nr:l#andnrnlon unyi6nr:l#na*urfienfififl?1rudd.r
t'v'l]n! o dUil tQil1f'11:nqAO{9111J?In1:mfld0uil145$1u JIS L 0844 (Testing Methods for Color Fastness

to Washing and Laundering; dr r{n n r: il n n o{ rJ: r nq d's or r:t{ lu R'tn ruu ? n n

(z) n:rrud'rulr:{6{ro{lrduluffr (Tensile srrength)

lunr:nonotdn#rsTaodrqd:ui6nr:1#r.r.rdnv,lon unsi6nr:tdnf;urfiurfifin:rru6a.rriu ldrir

nt:vl9fioun?tild'lut[:{no.tzuorrdul0#rnrrurror:gru ISo508t-1g77(Textiles-woven fabrics-

Determination of breaking strength and elongation (Strip method) da^unlrnrno{il:tnflFl-{

a'r:r{luRrnr{u?n {

(3) nr:r:Jf,uurrilawuroro.rffr6":odr{r nlufl #{01n

nr:dndrui6nr:1#nrdnden uncldnf,urfi wfi fi nrrru6qotiu rfl unr:q:aoaoruJofi6ud

ft1:14flfr?1olfrr(Sbrinkage percentage) srrili6nr:To{il19rtg1u JIS L 1042(Testing methods for
A ni,,o . r i " a

shrinkage percentage of woven fabrics) dt"l6nrruntutgl,o{;yuc?irs:crit{qqfr?i'lntraquu

fl^u#rsrrrittutfl?r{r tvirtiunriluu?ul? fio too fian^rilsr: r{nn1jilaaorrj:rnqdron:r{1uR1n
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tiEfraTnord'a ulrTnrrd'ouf,na ln.u. (ornluln6finrur:rwrionrrrYrunrinurm)Igl

(e) nn rn d il: rnquurdo firnrsfl fil rrnnr:#n
(apeearsre after larrderind lunr:nnaodn#rdrodrrdroif;nr:1#lnfnrtlsn r$nstinr:t{

AdiaAr)
nfi urfr ucfi ft n?1il6$fiil Hn nl: fi{mnrh T nqdrnr:rrio hJfi

mfld $t nrruJiffJrfiuuanffifiilrlnnrr,,rrtufirriounr:fin fficnlufid{ilnnlrfnd?ufl{

#nr{on luntd{trlirurniolna

nfinrocfi'l cnmfrrl:rnqriounrrfn enrnfi d:rnqndt unnrr#ndru

rndnr{on

r. fttsnfl

T/RIL

(T?ffro"n+HOYu)

z. firlunsu

T/R/A

(T 65Yo,Rl7.sVo,

Al7.SYo)

t. firlsnail t/w

(T609r,W..mryo)
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a^J?rr{u liloun: iaqun;iin, i{o r rz

nmr.lii3-r (Tio)

rrnRrillunr:rrrdoujtuurfi uufrnuasnr:njdduuilncnrrilfindtorrirdrodrr ntn

-i{r",arueon1:d{nnq:osrilouril{ralnn xo{ffl4nflnfloilfinnR uncn?.l1Jffio1nn1ffifa{rt1fifl1:!trR
t A/:t qy v r d , j v o A J r t

druffi nr:lf ruq{nr{ sn w niui-rrfr o fi rlinlucs omrfr uTu0m6rl : outfl oufi rJ:mAUu ;iil

firnraildrnlnnlrdnns#sflnq u'r{afino1r#srnnhirfiu udu'wrfins1tnsn{fin1nuu'lrdou

ay
filnloitFtl anryrfiil:rnqriounr:fin dn fl fi il: 1 nA ilfi'r fl n nr: dndrs

nc#nr{on

+. firloprst tlc

(T6La/o,C3f/ol

s. firlunau ?c

(Tlff/o,C3U/o)

e. firfi lc
{fi0Vo,C30Eo)

Copyright by Mahidol University



iIEfi rtnodo ur?nordariinn rn.u. (nnlulndiinrrccr$Csnrrfiaurnfirsrnr) I 93

c, E:3 ,e
rfi nrlsu frifi frueqifiuq$duffiilltrnfi msilrfi fndtsqr#udrs rfinroqrndurdru nulil
o1 nnru u u rrniu r o q rdudr uii vr o rfl u fr u fir

nln{d 3.2 nr:nJiuurfiuuanrrfirlr',oqrurdufirriounr:fin uncnrild{mnnr:frndrunq
e I c old{nr{on'[un:frfr rilour{unvoor

nintorfrr dtro
fln.lrrillJ',lR0noilnl:$n nn rtfi rJ : r n qu dr or n n,t: ofrndr a nq

fnrlon

t. ftlufldu

TiR/L

(T70lo'R+L3Slo)

z. firlunal

T/WA

(T 65o/o,R1?.5%,

A17.s%o)

r. f,nlunal rnr

(TGV/o,W40Yo)

c. firlunar vc

(TGWo,Cif/o)
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a4J

"'ilru 1il01J1t: mqua!?fifil:lru / 94

nr:r{d 3-r (rio)

mnnrnlunr:r{ rdo rils uu rfi uudnuasntrru njduuurJnqn'rq R10R'ril,uo{r frrdaodrq
rCll',rv-ee</adrrnnr:drmnq:ourilouijunuoorrorfirriounr:#n mcnrrildsolaRrurdttrnnr:dndruffi

nr:l#H{dndo n w rfi u'jrft fi n?1rl ds o'rn ffi u du orn6ilrilu d{ rR n hintu: o utdoufi rJ: r ng
tJr

uufiufirrnu froiiu'rodurrrnrn{uuasoocfinr:finoqifiunruuonfirto*dudru nfofirnfior
t

drurdrriu rflufinualctaqnr:rnrsdavnirnlunrr lribivrrrnfi 6tsru:anqnoonornfirtor

dudru niornfiurdrolfi{ru nr:r{rntruccsrn6rn:c?hlddrun{r nacriou{rqtcacsrnR'ir
Y.

: s urdoufi 6n n rnn : ru r#s ln n

ay
sun{8itn] cnrrfi rJ:'rnq riou nrrdn anrnfi il: r nq rdr trnnr:fndrs

Ndnr'lon

s. frrkrflrril ?c

(TIU/o,C3ff/o)

o. ftfi vc

(TIV/o,C3ff/o)
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r1Efirinurfro rtur?nsrfiorlfiqn ?n.1. (urnlula6drrwcn*onr:flaurnfnurm)195

nr:rld t-3 nr:nJiuurfruudnilfiil:lnquurdofirriounr:frn ilnsn'runfr{finn'Hdnd?s
A 4 ia i r ajJ A,

nfiurfruqfi iin?rufiq{ lun:frfrriloilril3olna

a9
$uoflo{?'t'l enrrfirl:rnqriounr:dn -davvy

flR'lTlYrlJ:lflA?f A{ o',lnfll:!ilRn?u

AdAai
nfiiltdu{rniln?lu09{

t. ftlunau

T/R/L

(T70Vo,R+L30%o)

z. firtunar

T/R/A

(T 65o/o,R.l7.5%o,

AI7.5o/o)

r. firluflffir rAil

(Tffi/o,W4ry/")

+. firlurlail ?c

(T610/o,C3f/o)
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?nQila8?lnT?su /96

a:ilrmnr:riliourfi uumnnr:rqfi g-l

rrnnrulun r: rltdo nji su rfi uufinuercnrrilrilfi suuilnsvnr fr'r$nrrto{ firfrrotirq
.JArr,Arov

0'tRR'rtfl{rRng:oultJour}t{o [nnt 8{n'r4fl!U1J9noilfl1:lrfl uasn?llJrtv8'lnnluiln{t'rRfl'lt
s g € cY A a io i
{n6?0itn'rrlfndurru{ililn?rrloqq w#udrfirfinrrurwornrf,rdutrn6r fi:ooriiou

rJ:rnqoqiuufiufirriouurn ur{otir{1:finrrun:runr$olnnftnailNmfrrtlnfifirlntrn:t dqoro
d ! oss o1 a A A d ia i r.d0ctJfl?'tul,tuo{na'txo{dnlu}t tt:itfllJdctnoutuo{n1Rnnilffi0{niln?'ltJOq{8tt$c ttJilfln

lnBn:rsion:ruru$o1na;in*.6ur{'t}Jlurdulurfordudru fifiriaunauno{ihuld:.rrnfn
)rt

r$idrdofirfufiriauneirrsqludqm:rsr{urn nl:$ffnn:rurn$slnaoor}trnfi?to'rrdudruw

n:cr{r1#riou{r$run'ir

nln.rd 3ii (eio)

rfinrarfir anrnfirhrngriounr:#n anrnfi il:rn gmdr mnnr:dndru

*aiai
nail[du{Yrun?1rJoq{

s. firlonraru tlc

(Tlff/o,C3V/o)

o. firfrric

{YM,C3V/o)
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risrfiiinarfio nrr?norfiordinn ln.u. (rnnlulnidcrurscr,donr:risurniror ril tn

n1tl.td 3-4 nrrnliuuffiffirdnufiilrmqilurdofirriounr:dn nnyRluild{tlnntrdfld?u
A a ia i c oji rtnailtflU{vrun?liloq{ tuR:orytrlJolt{uCIuoo{

a9
!runfl8{t}t'l

atr9
fl R'mTlljt'lna R oufl 'l:.rR -dtve9,

flR TlrltlJ:'rRa?t a{ r1 nnl: !rn6?u

{.riai
nnilffiu{Ynjn?lilnq{

t. firlsfiail

T/RIL

(T70Yo,R+L3flo)

z. firtonal

T/R/A

(T 65o/o,R17.5%,

Al7.sVa)

r. firlunnt riw

(T60%o,W4ryo)

+. firlunau vc

(T610/o,C3f/o)
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nr:rqd r.c (gie)

a9
xuailo{r,r1

ir r q
fl Rlil?nJ :',rRCI ROiln',l:.Un rn rtfi il : mqn dr nrn nr: dndru

ndurfia.ritfinr'tudgo

s. frrlonar vc

(TIV/o,ClWo)

o. frrfl vc

WV/o,C3V/o)

J^J?ril{r liloilm inqualiinr:i{o let

alilnrnnr:njiurrfi ur rornnr:r{fr s-+

0'r nnrrlunr:rcdsrili uurfr sudnuotgn?1il nJfi uuuilnqnqfl 'roR'n{ no{ firfirotirc

0lnnr:d{moqruurduriJuavoomo.rfirrioun.trfn ungnrruf,solnRruudrtrnnr:,fin#euii
ry { 4r l.r i d t 9 a ; Cnr:l{ndurfrnfriinrrrngr ssnru?'rfr1iln?TJf,solnmuiuunuhifiqrnn#utuurduufi

rhrnqoqiuufiufirrau dodrrtu.oln'ir{unsoo.rfirlorrrlriHlunr:6nrnr;fino{fiurdudru n$e

mdurioqdru'ludnuargil'r{n'runTrnidu hilrinrcmfi dqdu dofiu:.duasrfioufrfinorn

nrrusril{ocndufiuqfi finrrlfi gs fi rc.i{Hnnrsiludonrfi qnoonro*!ua;oordnrvoqi
I vtl, < ottt & r a

ililrlto ?'t1 [n{1u o{vn [?t tneflcoln{ufl ?1m!
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u0lcno?ytu'la0 ilfl 'l'lvt0lau!fi na xfl .n. 6fl nlulaEdrurrsaruidsnr:fisurn:-nor nil | 99

6 / -_^q.a^,^-!__.._e-_- 
j',j' j p j -3.4.3.2 ?tn : ly il q iu 6IrJ lJ glyt 1{ 6'l u rn il fl o { il 1 vt { yt=:J n o u o o n 0 ln rnso{ldn

9) | I .^^ . S o t4 a q
P,l'l lj:ufloU9l?u pH, BOD, COD, TDS, Total Phosphate tlag Hardness louynnt:ttj5ulrfrulti:t

99tt9tloa6oa
rirrutot:grudrnsqloln:iln?uqililnfru qarnrnflo{d1?l^{n1ufid'{orflftrrfrft(waste water

quality after launderittg) druifrnr:l#plsdnilon uay?6nr:1#nfrurdslfifin:rru6qr ldrirl:J
AtAAitn:rv*frnnrvdstnodoilltnvilinulnrf,ldqf r.rnnr:ern:lvfrJ:rngd'rer1:'r{rluRrnr{u?r'r fl

z) druaru::nuv do n:rruarrur:nlunr:dnfir fifiufor,tur

u't{ 6'sr:rrirldiiruralu?irnr:dn unv:vusr:nrfildlunr:dn runil:rnq6'lnr:rstuRtnr.tu?fl s

t) dru:J:yfrvm'nryrlunr:6n do Rlrilrdn:rr{run:rru
a1 q I r - ,i | 4y ,drudud:srjr.::sd'ln'lttJtilduutt:Jnwo{d#l (Color change) ru^otornnarruan:J:nriounr:

dn (Inpu| [ [n u R 1 u il d'{ 0 1 n n I : dn (outpu| nr a :J : r n n d's a I : I { 1 u R I n Hu ?fl er

l.s cYufl ounrrrjrsil?auas?rn:rc#Ha
o g irny I a t 4 c

lJ1lJOUAil tO01fln1:mqnO{ illU:yil?np.ln rlny?[n:1vfit{aR1:flns1n?1il[{uhJldg

tunr:dn#r Iouldnaaurdurfifinrril6qr 1udru:J:yfiyrs^na rril:5fluy unsil:vAmn^nril d{os

finsrInuil-01:€u101n{oryndlffiu#osrlfl'ffinr:rflund'n :ril#sirn:rsr{douioo?rorn
trruQAdA laGlal44

f'r : s 1J ? u n 1 5 ryfl m { do { f'r : : u ?5 r?1 0 lJ : u nJ u 9.t a tu ru{t r1J : u1J rvt ulj

nt:irn:rs#nnm'r{dfier^ ldritrnder T drriunr:urrirrndunad'nffi'ldornnr:
vl

ilgao{ldit to{til Parameter oir'r 1 1# s.o. rrfrourrilfiu{luurJrsr:Slu lrau t-test drriunr:
nJ6ulrfisurirrndsfi'ldornnr:dnusinrnrfi v{s z i6 ]oerl#rirriudrd'igvn{do^or^(a ) fi:sdr

69,
O.Ot ludru Color change, Tensile strength, Shrinkage percentage druiunr:r,r1 Appearance

after launderine fu ldifr^ nt: d.rrnsrnJ3 uu tfi uu
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/al
?rw{s Iilouyl5 nanlrftRul / 100

I
d

UTIYI4

4
ruaR't:flRH1

cl 4 dt ltr ttnto s ils oe, a{ a Aa ; ^run'r:f,nH1n?runJu l:Jldlunr:dneirleuldnf;urfi u.:fi fi n:r:rdardq

9^a l, I
4?0u lel

irn : r y fn a n r : fi ns r o r il {or q rJ : v ar rir o s nr :ifru : Eio fi o

a.t nanr:dnurtmv?tR:rvr{qararuffi dru?l?nd uasrniitosar:ruafiudilurdouoqjuuruaurlr

tr idr -
{uavoosfi rf,lurf,un'uuncr:rudou{r.rrsfr cJure'lrqj uar'hinsnrudr 0sfi qnoon

^--.-d^^g-ut-y:--.-:-.4-e.---.d -ot-2t- 4 A q! e t ,r jdr
0lntuotll t9{llufl?lnJolJtt:{rfi?u{01fIfl'l:de:JFt0.l1 t4ioliloilil1su61{ 6{?uduasoo{ytrilu

lf,utrrj]0tnu'lu]n14lJvunvI:ssruqfle{1fin::ilei1lt dl riu riou{rrovfirutordnny16sn rlr
ddo i dr I h a / , A^^- ^1", ^ rn r ! 'Itnsridet trJostrnnJuar:il:vnor'lsle:nrfuou rrrirfifidrird:Jno^ovhiavare,il"l usirflefi

^-. A- ,el-- -e qy. lt dr do ! ct 3r, o 'ln1:Qa{uutuofirovfiilfitn=n:outilouriluddr rfrofrrovquruosndr'lilaola rjunvoosilnsl^lu
rq - d u | ! a ^ | t o 9,, da g

oqjluanruvcro.:ufit'hiaunlsdr 6rfrflan:cvrusio#rludruflfrnrirviruiu lilfie.ralupirurnfi

e s d,t e 4q - 6 ! a d c a I g r
n u tnau tilucf 1: il4milfl tfl oo1f]rflunuasaluilt tilon:ytstutntydo gtoogljufi I d?u

fitfluzuotu,ru:fiuri',or:vnruoon'lil n.:rmdoeirufrrflu6urnrvn'ooqj pr'ulnnurnrvo'srfiufirlu

?--.are^-r.^:--il- A a s dr 3 d rriruildndrviliu rfrofinr:duavrfiounfinroqo^ulnnu0suelnooflrilufrurfin 1 u'r{d?u0y

nqnde.:oon'l:J fiinuuf;oduri'rurdn 1 frrRrvor^noqjnruuonrdulufir drdrrrnlfrfinr:rjruar
ooeia
tl;u'rlrasrun0ydlrur:onsa'ruHnqoon'ldniu6'u

n51iltilto'lnntflud1:ilnfiufirfiororncJorrf;ufiandilrirt'roonillyrl{e'r^??rf{ro{lJuudgq

z{ vr I I r i+ u s 4 | s | 4 3 * 16r

n:]iln4.10 [nnuTUf'ro1J9?u6I']uvt[lJu [1|rJu tfla0tt: til:au [[asul [9u0q tu6tR'rv'l1o{n?lil
df I s I a c) A n r ctgrci ' - i t 4 J a

rilun590ou dl [ouunnrra?n:1u[l,hr0 tna0s:J:1nfl [?rn4ulolJsgrmqouunoilflrflo u0RlJlrf'l

o duitaarclorLqiefiordoufl uur? fl orJro?nr{rn.rr6on:sIil : r drrfl uu?narfr fr nr:rdunfi t,t6oq Copyright by Mahidol University



riarfi nim ur6'u ufi rin ura'uufl'na rvr.ru.(rvrnlula6fi nrrrsalr.fr{onr:n'erurn:-r{srn:)/t0l

drufrafiin^'lmrisrurnfiqn n:rrruto'lnnfrd'nuarsnl:rnrvdqn'qriuffrvrg{ludrufilfinduacrnfi

nrir:n^o1udruflfindtflu#nuilstornr:rnrvdqfinreruoncrosrdud'ru dauluyrrqrnfirflu

n'ns€uvuolnr:rfiorJn'ffisrnrtrnfi:sv 'jxn:o du,flun:ornaoofirfioornnr:fifirrrnfir3uor#u

n^uIil:6utosrudoTnnudenrutoqfiuoonilrfirdo#r firh?finfiudurmffuuayfinr:rTendou

rdu dru drfi r.rahi'norJnrdedJounascnqrf .l

d a ---.-4 .2, ^ e. v s qy d d i44.2 alaRltflnH'l ?ln:lv?l ooRtluu fl5r{ uaunoBo{R:vu?t{nr:d'npir lnslfndurdsj{fril
4l

n?'D.rRg{

o', n o'' r fi o n r irn : r s vi o o n uil rJ kia #r r q rJ n : oi,fi'n ffrd fi q run'n u nr v d'r d

a.z. r rfl u q rJ n : rrira?ru dr vr ir rnio r d'n #r ii fi ldn'u o dd'h lil

4.2.2 f rsrudeer:vr:Llv'hilrdrf,nvr:ofind Inuldrurnu:sd'u'lyhfin:surrdn'1l 220

Ieavi ts uorrl

q.z.l z vdlJo r, u d n u o o aou rfi u r q n or : r lryu^n d z s fi Ia 18: sr d r +o 5sr d

q.z.q umrtncr or firiildtu nr:finusia sn 
g{ hin':: tfi u s fi lanir6fiof,.r Trirfl sndll

1 u :-nfi r o s nl, n w o', u o uou z0 rryu 6rru sr : t u :Jir r r r ri', d'n 20 a^e :
99

4.2.s arilr:nfrsrrnrlunrfn :o urfrmir

a 6ttilnilu t146ts0'ro

+.2.0rdrornnr:dndaunaaurfiusud: ne:dnd'rulilrfiru6n t o9u#u rydrrar:
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a^4
?tl{.ru lltlouYr: flfrnfif,nHl ll02

olttd +t dnsilslo.rqrJn:nidnfirfi rirnudrundurfruqnllfiq-:

*l Han r :iiRurnerur{luutdlunr :{nfirlns'l#nf, urfr s,rfi fi n r r u6 g.r fr's r dru

+.r.t drurl:cfrilirun

4.3. l. I firdrotirciirdourndolnn riour{rnr:dn unyfl d': ornnr:dnrhundu

rfiu.:fifinlrfiqr finrrur:Jfiuuuilnqrorfifirhiunndrcriufi:sdu o.ot ld'uri firlunail

T/R/L, T/R/A, T/Ty,T/C(T{ to/o,C:39/ol llns#rfi T/C(T:7U/o,C:3ff/o) CirUrfiniifin?lilrrnn

cir{ riufi :y dilriodrd'rg o.or lduri #rls nrau T K(T:7 ff/o, c-30o/o)

I v t o iC .t I o e v e
4.3.1.2 flln?oul':4flSUAnlilOU4UACOO{f]ouvt'rfll:arfl tlngiln{i'rf]fl1:orfl

d':uitnr:t#rndnr'lon finnrunlfiuuurjnrro':frfir1riunndr.rfiufi:cfirrfudrdrg o.ot rrdn{
t 9 v t o iC rt r o s v a I v I I td

?1tfin?ou]{qnTunnrilougcung0o{r noilvllfl]:6rflrlny?tn{01Rfl1:erfln?uFt{crnilon HUn?lil

njd uu uiln.: I o.: fi fir ueio dr{ ln
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j
n't'1ilCId{q

sedu 0.01

riardninsrd'u unrinurdsilfl'oa :vr.ru. (rvrnlula?firmrursaufionr:rVflurmiflurn:) i tot

4.3.t.3 firdaodtqnw'orfi rdou {uaeoo{rioudrnr:fin rrnsfl d{ 0rRnr:dn
2_-.?46ttl.^4__4.--ee___-4_. 4 rd | 4l,t4r , - j q @ o v
9l?U?5 tcrnautfYu.llvliln?lil0q{ iln?liltljAUUttilA{fl0{dfl1 tlJttqnnl{nuvt:UgtUUUiilflCU 0.01

-. ,, el 9 ! ^--+^-dd-- -,r- - r o v e' v 9, i d iaItrTn{?1H'.r9l?ou1{4nsuailril 0urJunuoo{RouYnR'l:rynunvfia'{4lflfl1:ryf]9t?una-urdu{fril
i- qf4 rj | 4-', I r q

n?1il04{ lililn ?'rrJn Jn uuuil n{fl 0{ dr.t1ilgl0u1,t t9

4.3.r.4 fir6':otir{fi rdourmtolnnrioudrnr:dn uayil d{r0rRnr: dndrui6ld

ru.:dnvlon finlrur:Jduuuilasrorfifir'hiunneirsfiufi:sdilil'udrriry o.or lduri lxr1ur.rail

T/R/l, T/R./A, TAV, T/C(T:6!o/o, C=39Yo) unvffrfi T/c(T10%, C:3ovo) arusu^nfiunndl.l

fi'u fi : v dr riu dr rTq o.o r lduri fir 1 u ru al T / c(T =7 0%, c:30vo)

4.3. r.5 #r eTr o eir 4 nru^srfi rdou n rtoTnn rdori rnr: findru:^6 lde durfi s.rfi fi
dqy q I o li t d9rrJtr I v I do o u j

Irnv?r ts9.t{crnv{of'r 0siln?1iltilnuuttun{10{cT9.t1 nJttqflal.qnuou't{iluufrlflaJylq

tuaovitfirfirodrr1nvu'oiirduu,nduTnn na-rornrirnr:dnvi.rao':i6ud'r rJ:rnn

'irfi rosfrrfi nrrilnl6uuurjn.:lud'nunrv odrqdsrriu

st u ' ;otl ,r j o q y aaoy j d ja j
4.3.1.6 ru'r9l?0Ul{yUlJ0UrJUAU0O{ trJoylrfl.r:erf]n?U?n t$nAXJt6rU{yriln?1ilf|

q.r uavldru{dndon fin'rriluJ60uurJasclo.:fifirusrnsir.:fi'uodr.rfirie,rirrTryfi:r6':L o.or lduri

#r l u H an T/R /L, Tnv ua s T / c(T : 6 r%,c:3gyo) ti : u ryfr q r o r fir fi 'hi un n si r r fiu o d r s fi riudr dqt

fi:vd'n o.ot 'lduri firtoruflil T/R/A, T/c (T:70,c =30o/o) rrnsfird T/c(T:70%,c:30%o)

.Y

4.3 . t.7 ri r n e t ru dr u u: s dlrr o c l s fr r m n ru^or fi rfl o u u,rto'l n a rio u dn r ra s r a-l dnq

Ysr
druatsdnvlon unneir{tiuodrrfiriudrn'qfr:vniu o.ot Inudruduuavdru{storrdulu#rst-r

odr.triounr:#nfirirnerrudrursrpr*rrurnn'irra'.rnr:dndruam#nvlon 

I

4.3. 1.8 rirn'lrrud'rurr:rdsros'luffr4nru^ofi rtlourlluavoor rioudnuasfi fr{

frndaunnfrndon usrnsirrrTuodrrfiriudrrirgfi:vd'u o.ot lprudrsduunvdro{qcrort#uludrd'e

o d r r ri o u n r : frn fi ri r n : r l dr u u :.: o'w r n n'i r r a-s n r : dn d'l s r.r.r dn v'l o n
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d{lq

?:il{d Tu6urf nnnrrdnsr I ro4

4.3.t.g ritnrrrudruu:.rel4wo{1u#l4nnu^,fi,iiouu,rto'lna rioudnrrayr,rd'sdn
y z{ 4{ ia d r q I d@ o - j u
drernautdu.:friln:rrufiq{ uansil{fiuotir.:firiudrrTiyfi:vrTu o.ot lpru6'raduunvdru{rror
2l q tJ v I r 9a 4r y A I v v I A 4 ja j

t6tu tufl19l?0u1{floufl1:ryn iln1n?'l:J9llurr:{91{IJ1flfl?1fla{R1:9rR9t?und'utduwliln?1ildq{

t9

4. 3. I . 1 0 ni r n rr rudru r r: I n*s cJ o I lu lxr4 nru^or fi rfl o u {u a v oo I ri ou n r : dn r ra v
@ @ I A a ia i t a r ds o q i

fia'ldndeunfrutdu.:fifin?1il6q{ unnsirrriuodxfiriudrri'ryfi:seriil o.0t Ioerdruo^uuavdro{r
,-, jl- q gs I r s dr 9 4 | v @ 9t A a ja j
10{tdil tu?.1'l9r?ou1{f'rouflt:ryn ilfl1n?'l:JgIluus{r9t{rJ'lf'rR?'rila{fl1:ryfl91?uflaurdu{ytiln?1iln

4.3.1.1t rirnrrrusituu:{6{ro{10#r4nuu^nfi,ifou{uaroo.: dodrnr:dn
tt q t qe) A d i< i : q I
dee,fl{dnrlonuavdnei?erna-urdu{friln?rilfiq{ unneir{ri'uodr.:firiudrriryfr:cdl o.ot Ieu
y-,,4-, - tt--. 1 - lt q y a I A o s 9 A 4. ja i dr e
9llUUU$AVn1U4.11O{rflU tUFIrfi?OU1{ rilOil1n1:ryn9',lUnAUrfYU{niln?1ilOq{03IJfl1n?1il91'lU

ru: { d{ il 1 R n'i r rnao dn d: u ru.: frnyl on

4.3.r.r2 ri r n e r ru dr u u: { d{ fl o { lu #q nnu^" fi do u rv $o'ln a rfi o ri r n r : dn da e,

v I s I A d io i I v I ds
ru{dndonuasdndaunfiurfru.rfifinlrufir;r unnoixduodxilrludrriryfi:vd'u o.ot lqudrus^u

gtrsJ
rravdro{sro{pll T/R/L, T/R./A, T/C(r:61yo, C:39Yo) rrav T/C(T:7TYo, C:30,|.i firirnr:dn

p1:uHrfrnvlonovfirirnlrudruu:ro'rrurnn'irdndrunfrurf,usfifinrrru6ar r{uusifirT V fi,frn

d':ermdnrlonoyfirirn'lrilsiruu:sdccroqdrudu#oun'irdndasnnaurfi(J{fifio.'rudao cieudrc,
rdf94tv9,AAd4d

q.: nviln]fl ?1ilfl 'lutt:{9{u'1fl fl ?1n'l:rynn?gnaut6Yu{lmiln?1il0 q{

4.3.1.r3 firoirodrs4nryu'efi rdournto'lnn rrau{uavoo{ n1uH d{ rrnnl:6n
9 aa q9 v I d 

" 
- X 9t 4 u s 4 | J d d

9r?g?5fl'l: tsruit9trflTlofl0sil?rR'l?lft'1511o91?lto{tu09.tltfiilou 1 Ru ta0iltil0:rlrunloirfl15fla

firrqfiu rfioiqluuu?ql?l{ rvirfil 2.l8%luuururr rvirfil.l 2.r0% unvsrrrudufi rvirfii 4.rz%
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riar fi'crin urfra rtfi rin ordsrr.r'qa :vr.l. 0nnlula6fi rrnsarrdonl:fifl urfl ir{arn:) / I 05

4.3.1.14 fird'rodr.:4nsfi nfi rdoupr€o'lnn uny{unv oo{ nluil frn nrnnr:dn
-y-^.=€---q-e/-4- s. -de_ -- d . d-_--.._^___ _y_-._ -.3_y_ -.o s s ..q?u?rn'r: lsnaurdu{Ytiln?1ilnq{ 0yudRlltfl1:uaa?1o{$Iofirrriiou "l r]u lqufr

t ld d v j zi so
tiloirfruricro(tnt:ilad?tadt'r rfroiqlurrurcJrrr rvirriu 2.ro% luuursr: rvird'l 2.Lo% uns

9t
4dJvgr'lrJlluyr ryr1fl u 4.14%

9@r'i/r
4.3. 1 . 1 5 p(rsT:o dr.ru nsu^q fi rfl ourrto'ln n un v rju nv o o s r d'l o r n ai r u n : y il ?u

u g ad ct{ @ | agt A d dd 4 d
nt:dndruTE nr:l$r.r.rdnvlon uavlfnaurdusfi fi narl6q.: fi plasionr:uJ6uuu:Jawuta fi io

t Jd I v ght I t a , 'tiloirfrurint:fietsr'?to.:firlrjrrflneirsriuodr.rfiriudrrTqfi:vo'rL o.ot Inuffr4nvfiofidnsarv
--...-u-e). t ad.-!Aq' lt< - j j y r dd I v r r

R1:149191?91?Ut1JO5lcruflvl If'lntflu{nu 9r{tqnutt6?[lJ05tlrilnR1:ila91?9t'luttu?1J?'1.{0qi:st4i1{

2.08 - 2.tO% et'uJuu?ul? rvittil z.to% ilasstrildilfioqj:vn'jN 4.12-4.14o/o

4.3. r.1 6 rfi o nji u u rfi ut d'n u u s n r : r:J fi s u uil a { n'l { n'l u R lil cJ o t #r d"l o d x 0'1 fl
9ls4t4h9,,atv

n1 : d{tf'tnq:ostiloutfi3o'[na ro.:fr1v]nsilqriounr:dn unsn?'rildyo1gn1uud{01nn1:dn

d:s?6nr:ldrurfinvlon ovrfiu'jrrdofirfinrrruasornrnauduorn16r, :ourdoufirJ:rnAilufiu
3!,, ,9 @ - - -r/ ' a o4 U I d t a dfl'lfl1ufia{0'lRfl'l:ryflanuoua{ il'l{su9to'r0d{[f't9l ttJlfiu u9lJ1{su9lo100vn{dR'lTtltlJ?rilou
d 9 J :& te e6 4 il et a c,tfinriou vr\fifiuoqldtqararurifrvrxrnfi uasill{nrun1ilro{rdildlu $u^oflo{rnderadru ::u

'lrJfi rn:rrunu1uilufl o{rdu6'rufi vrorfl ufiufir

' 4.3.t.t2 rfionj5mrfisudnyilsn?l:JrilAuuuila{il1{RluR'lv{ 2o.:#rsYroeir.:
I

q Al_---tl- 
- - y I e v v t -401nn'156f{lflqe:ouliloilryilavoo.rrflo{r.r'lnoun'r:Grn unun?1ilrYuo19tR'lu14d{n1RR1:ryn6:uiE

nr:t#p{{dnrlon ostffu'jrfirfifl?rrJdsolerrfi'ruduornr6ilurild{rRahir#u:ourdoufirJ:rng
---.4-.91 3: A rr d a re 6 9, tt a j d
lJUfflJt{1[nU m{UO't0rUO.lil101n4Uunuoo{uRlSgtoognunluuoftfl?flo.{lrduolu 14t0yltnriu?
2),.,! I .4t 9' 4 orqr d4 a
9l'lutll1uu t1jilnflu€[eflo{nl:tfl'lvunvtl{flluRlTt txJ tsyll{rnil 0.1d1111:o?lqaoon0lnt{?10{

rdudru H$ornfisrdruldiru nr:drn?lildcorndrn:s?ir'ldirun'ir rrnsriou{rsos6yuoran'il
vt

: o urfl ou fi rfi e o 1fl n : 1un4to ln n

4. 3. 1 . 1 8 rff o nji m rfi u u a'n s or s n l r ril 6 uu r ril n r n x n r un'ru r o { r.n er ? o rn{ l r n
Lqat4lA9crvve

R1:rT{tnnq:0utlloulfi{0 tnal0':H14nsu9n0un]:crn rraun?lilduo'l9fltuHa{0]flft15ctrflCopyright by Mahidol University



t^4
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I ^4 
qe/ i d ia j a

d:oTEnr:l{nfrutdurvtiln?lil6rq{ rsnru'irfirfin?lilnso'rorvlaruduo.rnro^ru fi:ourdouil:rnq
.Aty

oguuruuttttJouutfl usiodr{'[:ffn1iln:1iltfltolnafinnyn.:tnfirilrnfifirInun:l droroorfi

n?'lufitJo{ndrtosfrffirix u:{duavrfiourdo{01nndurAusfifinrrilfiqloroov'hifialnleu

er:{eion:liltndolnafiflsd"rdruuirbJlurdutu?16ordudru fifiri:unnrucro{flru'ldrJrnfn usi

,irrdu frrtiu fi riru arau ro{1udr rn : rsrirur n

n : sf r'ldrie u {x {run'ir

n r : cJ 6'o n : r u nr€o'l n n o o n o r n fi^ r cJ o s rdu dr u o y

4.3.t.t9 rfi onji uurfi sila-fl u ilsn:rrur:Jd uu u:J aw rnr un rn r o.r p1rsiao ehr
9df_tl 9rvvvild

01flf'r1:3{{tnfl8:0ut1j0u4uns00.1fl0{fl1n0un1:ryfl ttagn?1il31y019tR'ltJfia{l01Rn'15'fnpreu:I
qrr A d i4 i

n15 tsnnutflu{nilfl ?]ilnd{g ovr#u'irflrfi n?'rrudsolerrn*uduuvrrhidsrnnrfi uroudoufi

rJ:rnqoqjrufiufirrau n{ufi",u^uoo'ro'jr{uavoorfiqorarurio^lunr:dnrnrvor'nogjfi'urdudru il6o
d y et v t J tn r" ' d - J A 4 J, a Ao

lf'lag?flo.i911u tuanH€uvnl{nluRlTttvtluu nJ tsYtl{rnil a{uu nJoutt:{dudyrylouyttft9tllR
-eAd-iaidrrrrj'lf'l'l:fl:vyl'1fl0{naur6fu.1fliln?1iloq{ f'r0ud{ruan:cyr:.J9rofl'l:14qqoofrlJo{ryuaso0{yufllyog

3 trrnrt, 4 o6il9 g r €
rJ u ru op.r'r [Ft{1e, 0{yt'l t?i 9{]qdsol9tfl ufl ?1rou

ILY
4.3.1.20 qarnl?IEJo{iltyr^sntufi d{t1nnr:dn#r fi rfl ou{uavoo.: rrnyrfi€o

u46u9qrrl"[na 
nr-ofi rn1:dnd?ufl .:dnylon ruail:rn6:ir

1) rir sop dsrflurj?rureroonfiroufiuunfi16e,ldlun1:tjoercr:
a </ o i t
du vr5 ugu Fr fr rjo u aa r u'ld fi ri lvir tTl ld) mg/l ru r n n'j rri rrJ z uilt(o.t z men)

2) rir coo rflurirrirdrn?lildnil:nnuutirdo dqflurj3rurar

o o n 6 r o u vi.: il.il q fi do r n r : l dT u n r : o o *8 1 n da r : o u vr3 dl u rir b?n n r u rfl u n r fu o u'l e o o n l ryd

,,urri'' firirtvirriu 2,207 mstrlrnn'jrd-uJ:y:Jr (z men) uaol'irrirdlornnr:#nd'lurutdndon

firirn:rruan:J:nmn

3) rit p,", du n rqfi ,fi rrfl u lu nr:to?qr6r lor t o st'tosttn v dn{ ci{ r'{a

tt | 4 € o A vY J a ' I
n:sEuflonr:rosqraulnrosfivfrodrwrnrfr durio}?rfiprflqr.rrou dl entJtJt ler ryqilrirtvir

I

ri:r so.o mg/l ilrnn'irrjrrJ:vrJr (0.01men)
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riar 6'n ir ura'u r u r?m urd's!l.t^n a :n.u. gvrnluIn6fi rilrlrsnlri'ionr:r{flurnft^torn5) / 107

+) rir pH frorilrasxanr?yn?1ilrflun:n rforir.: rirdrornnr:dn
lvrlodr,esi':ururdndonfrfrantrsn?riltiluen{ pH 9.96 (rirrj:v:Jr pH 7.17) dsrflunrnurolnrrl:lnfrlu
pi'rnrsfrnylon

s) rir ros frorir totut dissolved solids uiodr:firudooqjrflu
-^.^^-. ^--.-^,@-----.i,r e) tn i a ! :aYnour't'lt,fin"{01nfi0.nufl1::srilud?u'[odr ry{utytil01flnr:frnd:unsdnrlonfirirrvirtil

3,736.40 mgl

6) rir Hardness noo rirn'rrrunrrdronuorir rildoolonl:dnd.ru

r.ndnvrlonfirirnrrrun:vdr.r ez mg/l (cacor) rToun'irrirrj:r:Jr (83 mgA (cacor)

4.3. r.2L q * ol* n u o ri', dr n r e, il #s o r n n r : dn fr r fi do u {u n v o o { un u rilto'lsr n

rfi o virnr: fin da unf; u rfi u.: fi fi n rrrufi qr nrnil :rn6.h

r) rir BoD d.:rflurj?uaroon6roufruilnfirEstdlunr:eioerar:
a a/ a i r

o=u vr5 ersilo fr tio u aa r u 1 d fi ni r rvi r ril 83 msn ru r n n d r ri tf z "l,J'r{r'.l 2 mgrl)

2) rir coD rflurirrirfrsn?1udn:J:nnuotirdo d.rrflurj?rurnr
9ty

oon6roufr'sr,rilqrfislornr:t#tunr:oonfi'[edar:s^uvr6eiturirhi'nnrurflunrfuouTqoon'lryd
3 o, I , .et 2t I

ttnsdr frrirrvirtTr $9 msl urnn'irriril:v:Jr 1z rngn; usifiosn'irdrfrrornnr:dnd:smdn

rnlon

3) til p., rfl u n r q fr ,fi rrfl u lu nr:ro?igror^u lot r osfi sr rns dn i cir r{n

n:v{uoionr:tt?tyur^uIsrtoqfl^slirodrs:'rnrf a o'uriol#rn^oilrynrdu "l erilil1'ld d.:firilvii

fru o.ztmg/t rurnn'jrrir:J:vrjr (0.01men) usi#oun'jrdldoornntdndeor.r.rdnvlon

" ' -- 4 'urdq{dnrrynarrurflun:n uiorirq ,frdooloolrdn4) nl pH n0nlttclgl{dR1?cn?1iltilU
rrid.idjiod'e
drunfrurfr ulfi fi nrrrufi qtfi fi anrrvn?rilrfl unsq pH 6.95 (rirrJ:vrJr pH 7 .r7\

5) rir rns n^orir Totul dissolved solids nfoar:firrfioogjrilu
- it y ur 3 A !: ve A d ia i <l

9lsfloufi'lu14n{0lflvriltun1::v[14ugt?u loul sr{u1yt{01flfl]:ryn91?unnutflu{l4iln?liloq{ tJnl

rvi r drL 65 r .zomg/t rio u n'j r rir d.r o r n n r : 6n d': u nn dnyl o n
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4a4
xsvr{u luouyrt r{nRl5flnu1 / l0g

6) rir Hu.dn"r, 6o rirnrrrnrrdoonu,rir rildoo.,no.l:dnrh0
A d ia i dr ot e

nn^utfru.:fifin?1rufiq{ frritnrrrun:vdr.: tsz mgd (cacor) rurnn'jrrir:J:yrJr (83 mfl (caco.)

,ru nildu o',nn r:dnd: urur dnv,lo n

-q.l.z dfla:J::nus

4.3.2.1 n ? I il ds o I et 1 u n r : #n ffr il il 1[ tn y il'r { : s ?r'i r s n r : dn da o?6 n r : lfre.r q frn

ilon uavi6nr:ldndurfieniifin:rru6c'rr.iu fi:vsTrrunto.rnr:6n'hiuErnsirr6'uodr.rfiriu
oa;-A

fllnGUr:sel1J 0.01 !r{fiil1un?1rl'j1 or'.ti,u'.tu'',rotunr:dnflrilutrlayil1{t dasi6nr:tdill

dndon unsi6nr:ldndurfi u{fi fi nrrru6qr tri'rualunr:dndrunlruasorofi lndrdusfiu

4.3.2.2 1u n r: dn ffrdao dr.: fi rfl oun rio'ln n r.r5o {u a v oo.: drerifr n r :ldnndn

v'lonttsiavnitriu ovfruujfrorrirtddrulunr:fnfirusiasru'o rflu'ilruruGu 0.88 urn :rrurir
619r q u 9) s tt ' tt I
t s o 1 u t u n 1 : ryn p{ r n a o ei r r fi{ fi il el rfl u'il r u'r u n^u rfr.: fr u 8. 80 u 1 vl

4.3.2.3 lunr:6nfirfirodrsfi rdeurutolon r.r6o{uavoor daui6nr:1#nf; u

rfienfifin:rudqsuoinvnirtiu ordu,rJfiorrirl#iiruluni:finfilrsiavryu-er rflu,ilrururt u o.s2

r r n : rru ni rl#rir ulu nr: dn firo'':o dronio, ugr rfl u {ru ru rQu t{o du s.20 u r yl

4.3.2.4 lu nr : dn fir usiavsu'fl fi fr d'nuarsn'ltrJ t4 u't u r.:'hirvi t rYu rfi o d r nr:
.g,t-\t- - | ql r v I i a ia iqrfl n?up{{crnfl on 0s ls:sust?n1u1u n?tnt:qtrnpt ?unciil[du{ytiln?lil6t d{
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riarfi'st5il srdo ilil rifl ora'gil fr qa

a.:.: diurj:vfivrfrnrwlun1:dn

rn.ru. (rvrnlula6fi nrlrsarurir{onr:nielurninsln:) / 109

4.3.3.r fl a n 1 :til5 uutfi uuil : v fi n fi n rvr r o.: fit fi r,i rn r: dn lu n : fi firdou u,rto

'l n a : v u'i r r n r : dn d'r uffi 1 dn fr u rf, u s fi fr n': r ru 6 a.: rir i6 t #p.r r d'n yl o n

t) #rlonaru TIRIL (T:70%,R+L:30%) es)eo

Z) firlsnail T/R/A (T:65%,k--17.syo, A:tT.5%) es)qn

r) firtunran Tlw (T:60%,w40yo) es:7r;

a) #rlunan T/C (T:61%,C:39%o) 4s)4o

s) firlur.ran Tlc (T:70%,c:30vo) Ts:To

o) firfi Tlc (T:7oo/o,c:30%o) 7s)eo

4.3.3.2 ruanr:ril3erurfiuuil:ydnf;'nrilcrorffrfidrnr:dn lun:tfifirdou{u

n u o o { : v u'i t n r : dn 6'r ui6 1 #n f; u rfr u r fi fi n r r ru 6 q.r fi'u ?f; l#ar s frnyl o n

t) firl€,flail T/RIL (T=70%o,R+L:30%) es)To

z) #rluHail T/R/A (T:650/o, R:tl .5yo, A:t7 .s%) rl s 
: 

e n

f) ffrluara:r TlW (T:60%,w:4lyo) 4s1eo

+) frrluruaru Tlc (T:6t%,c:39yo) 4s)4o

s) ffrlerr{ail Tlc (T:70%,c:3oyo) es=Tn

ol firfi Ttc (T:70%,c:3ovo) 4s)eu
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d4e'ltvt{u llilouytt oiilrrflHa r t to

uvrfi s

0fiil:rsrua

tunr:finsrnnrurfl u 1:J'ldtunr:fnfir Touldndurfi u{fi fi nrrild qod rfl unr:finur
,duuun,,ru unva#r.:qrJn:nid'nffrddr,:rud:unfiurfiu{fifinarrudqr Isrunr:finurriorya

a'nualvnr:tntvdoclolar:runvr-uvr'oqjuu,rfufil nfo rdututxr niurlodlunlunln uavrnfi rnao

-..-j-.-.n.- q r - ^ 
jo a e e

fi0sitn:rsriqlat:ruavtufrrnottnnqor-n::r:Jnfirornur:rriu 0sflEaoon0rnrrio#r nfo
rdulufirfiarukildodx'l:rix d'rr.funr:finurn'rrrurflul:JTdlunr:dnfir lnertdna^urfiurfrfi

i la cdrnrrru6qrfifilrflunr:finurnjierutfisuludlurj:vfivmna dil::nus uns:J:sfinfnrulunr:

dnfir :sndrsnr:dndruifildars#nvlon uasldndurfiurfifin:rru6qs dsffifroroon'il:rrrp{a

Ioufrsrr:J d'.rd

s.r rfiurj:v?vrGnra

s.t.t firlur.rdrJ T/R/L, T/R/A, TAil, T/c(T:6rvo, c:3gi,o/o) #rfi vclr:70o/o, c:30o/o)

{ tns Trc(T: 7 lvo, c:30Yo) fi tdo u ruto'ln n t:laodndrun f; u rfi u.rfi fi n rrru6 ql uns ru.: fndon ftfl
Fl?'ltJdsotarvirdu #0fi"*trrj',n:rurrio'lnanldacnruoondrurirlrJaauvrdr finrf;oor^noqj

uu,dufillud'nuarc'lriflsd"]f;n o-s#u ril*ofinr:n:v{udruar:rnfr nioflfindfiovuqooonTd

s.t.z'firlsnrdil T/R/A, T/c (T=70,c:30o/o) uncffrfi T/c(r:7gyo,c:30%) n'rduuuju
zi o u g_-_e<qy A a- ja A astnvoo{ t:l-odtnr:dnsteetisl$naurdusfrfrnlrufiqs unvTdr.r.rfnvlon lrYn'lrruayornrvirtiu

f 9,ro ,,i -. "r ^-^"r,1 - -:-
rtelt'fl tut'fdil TlwL, T/!\i ttns T/C(T:61%,C:39%o) rfiodnd'reriGldnnjurfiu.rfifinrrrufiaslri

- , idr -, ji a d aa i :Fl?ltJGfeolelnar frtilut'liufrtfrornrnu:rornnfiurfrmfifinrrrufi4tfi dtil156tflsavrsaxr{r'hJ
e' d 

-d:-^^!^.-..g_.q-.qie d d t u J 4 rAa,f]:vnunil0Unlntnn 1 vtnaogilurdulejr.trytrJn'lr:lrnnnvroeje rsu rudni riofirfrilrf?ur{6ril

cJorn'u'uolddn'ir

Copyright by Mahidol University



ilfl cnfl ?nu]a0 ilfi l'tlt01aull?tna rn.l. (rnnlulaifi rfl ilt:ailrdonr:r{fl urniuurnr) / I I I

5.1.: rirnrrrudruu:sEr*rrorlufir4nryfiofirdouru€o'lnn rruaofirnr:dndrur{sdnrlon

ilt rnn, T/R/A, T/c(T=6ro/o, c:3g%) rrrru T/c(T:70o/o, c:30%o) ovfirirnrrildluu:r6{clo.l

dreru^uuavel1o{lrurnn'jrnt:dndrunf;urfiusfifinarru6q.: r{uusiffr uw fidndeue{{dndon

osfirirn'lrrudrutr:ld.nloun'jrdndaunaaurdu{fifinarru6q.r arnrqfirflu,eiudoro,u^o{rJ10.rr'l
,^-^.--i-.--i <1- - a-q ,4e, 4 -.a--.- -.d^-tt- --a_.p._.q_. -l ,, are d acTl:ilamumlilut14{0 lnailnr]umuf'r'r:uorr]'rssro:_lunJofir riordulu r4lyrrl6ruf,dnri rrncrnfr

dl nr : fn d: un fi u rfi ur fi fi n:rru6 q.: rfl u?6 nr : vr r.rfl fi ndrvi rriu dr p{os rn^ru nn rlu n r :dn o r o
ra

n:cvtueionrlilt?iuu?flosrduluffr riru#r rnv rflufirlsruailfrfirudorioqjdauoyfinarT:sio

rJ g^ffi or vn.r rn fi rtrn'ir yr r r fl fr n ri

s.1.4 rirnrrrudruu:sdrqrorluffr4nru^orfiriiou{uavoor rfiofirnr:dnd:unf;u

rfrutfifin':rru6q.rovfirirn:trudtuu:rsr'':ilrnn'irfrndaur{rfrnrlon lprudruduunv6'ru{rroudu

lueir rffodrnt:dndaernf;urfrurfifinrrrufiqsosfirirnarrusTruu:.ro'srurnn'irdodnr{:srusfin

vlon rdo.:orn{uavoorfid'nsilcnr:dqrnrsiluufofir r,16orduls#rlud'nuruynrrfilfindrvirriu

rfru':uei1#i6vrtflfindd:u#u?irt#ar:rnyr^uraoooRln d.:hi6rrflufrorlffirnfiu?r1:Jlu
-q

rdu 1 u fi r rfi r hfldr fi a ur kf hi rfl o u { urf r arru r : n 1#.: ru ldur ru r u n'i r

s.r.s fi'tdtdouuato'lnouav{unvooq ra'rornnirunr:findruiGldnrsdnylon unyld

nfrurfiurfifinrurdqr fiuJefrdudnr:vrod':filndrfiu{fiu Iqurqfruud:nriluu?fl?lrog.i:vr,r'hs

2.08 - 2.r0% snrJuu?e'r? 2.r0%,,urr'',udrfi 4.rz-4.14%

5.1.6 n?'ru6rso'relrorfirfirdouruto'lna nrufldsornnr:dnd'lui6nr:ldnrqdndon
.A^g^e---.^.--.^--.--A-.d-____. 4 j1 4 e v v e)luo9.l'liln?'llJdsolotilil1,un'rn[nil :ou[lJouvtlJ:1nailuruuff'tRlura{01nnt:rynanilounl
,.,.e or urd I a d d I JJ& t@ ua
lJ1{SUO0106fqf]9l ttltl4u ttglul{sua0'l00uFl{dR1}tuu?rljouranuo0 yt{ulJuognilE0rdlJUgl

nxtnfi uavnxfilfindclo{rdudru su^erlo.rrndu?dru :ur'l:Jdrnrrruuurniluzuorr#udrufi

morfluru^ufrr
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d44'rtltl{u luouvrt ofirhrona I t tz

n ?lil6 q{,du #lfi orluaroinrfi rudu ornrfiil

ff nrun :r:lndolnnfi nrnvrrqnfi ri'r #rIeun:s

2t

fi : ourfl ourJ:rn go gjuu fiu ffrrlouilrn usiodrc 1:
4 d ! oy e ;,ctril0100eilfl ?'1u14lJ0{nn110{6t9.t'lu1.t u:{rTu

s.1.7 n?lildvorotol#tfirilourjunvoos nrufln'rotnnr:dnd'luiGtdnr.:6ndoo ,rfo
p-a__^-_.- il-.^-^.5,-. 44_-,a - rr a ro ^firtlnarruavototv{=tJiluolntolJ r{rfrororiiorrurornr.luavooror-ooqjffinruuonfiaro.rrdudru
aidytl

t'tTovttndureirurvirtiu tfJun'nu0rvcJo{nr:rnlvdsrvrr.rflfind hil.rinrrrnft d.:uqooonornfir

qroltdudru vr?orndurdrsld.{ru nr:fi rnlruasorodrn:vfi r'ldirun'ir unsriou{r 0vnsore

n'i r : o urdou fi rfi o o rn n: rr.ludo lna

5. 1. 8 n ? r il f, v o r q I o r fir fi rdo u ru€o 1 n n n 1 ufi n'{ 0 r n n r : dn d'r ui6 n r : 1 dn f; u rfr u r fi fr

arrfiourfiorornnfrutfr usfi fi nrril6qrorrov'hifi fi aIouer:ssion:rilrfidolnafi il.:d:drur{rhJ

lurdulufiiordudru fifirirur.rarurorflru'ldilrnfn usidldofirriufrrf?uffailcrorlu

dlrn:tsr{rurn nr:cJ6'nn:rrtndolnaoonornru^:to{rdudruovn:srirTdriourhsirun'ir

s. I .9 n ?r il dv o rsrro r firfi do u {u a ro ou n ruu n'r o rn n r :dn dr si6 n r: l#n aiu rfi sr fi

frnrrru6qr firfin:rilasu',r,*tundr,,vru'hiarrnfl,rXuruuduufi:J:rnqoqjrufiu#r ,J,rfi',utu.

o r n d r r{ u a v o o r fr q or aru risf t u n r : 6n rn r v or'n o qi fitl rdu dr er
AA9,ou

fl :0rnnu?fl o{9t'lu tilanuilsyt'l{
.v-9

fifindrvirrfu hilcimrtrnfi or\riu rffofiu:qduayrfroufirfieornnr:n:s?ir{ocnfiurfiusfifi
i. ! r .__--rt-._ __ -i__ _r & ,turrt, d oqlre,n?1ilflq{ tscfilt{nfl:uvnjflon1:Hqn00nflo.r4uau00{14rnlyogr-turilor,ir-t6{ru 6rvrrh{firq

asoredun'irrfiu

5. 1. 1 0 q*o',*nuorildsnrufi fr.i rrnnr:dnfirfi dou {u nroou,raynr3o'lna dori:
o,!9,,qttt

n1:ctrf'r9t?ufl{qrniloR Hnil:lnfl ?1

- 5.r.ro.r rir
a a/ a ir
o=u vri usil ofr rjo uaa ru'ld fi ri rtvirriu 1 40 my|

nr:dnd:sandnylonfi rj?moroon6roudos

BoD dqflurj?ruruoon6roufiurnfir€uldlunr:dosar:

n rn n'jrrirrf zvzh@.7 z men)
99

rranvirrirfrrorn

a </ a ir hyA 3
0uyr: usuemu0u6Ynlu [9[l'til1u

6r dos n r: o on6m ufi ur nfi ristdlu nr : dosar:
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uiar fi'nin urd'u ruu rin sr dsmr'n n rvr.u. (rnnluIa6fi ntrrsduneonr:yiwuruinsrn:) / I I 3

5.1.10.2 rir coD tflurirrird'rn?1ildnd:nro{d1d{ dsrilurjilrnr
.Y-g

oo nGtoufr'lfi ilqfi elolnr: ldtu nr:oonfi ln dar : ouvri tiluri rtr?narurfl unrfilou lqoonlryd
! o, I u I , , et t

ttavdr firirrvirril 2,207 mg/l rurnn'jrrjrrj:silr (z mg/l) uael'jrdrn^.:ornnr:dnd,loplldnylon

firirnlruanrJ:nrurn

5. l. I 0. 3 ri I P.o, rfl u n r q fi d rrfl u lu nr: roiryror^u lor r o.rvl^sun s dfl { Gis r.ra
gtraa9,

n:velunonl:t0tiytetulncro.:tfirdrodr{:?nr*? 6'uriotrflrfinflrgrroau 1 nrrurur'16' d.:firirrvir

fi'u so.o mg/l il1nn'jrrir:J:vrjr (0.01 men) uanldrar:,nfiolorildufirfinornnr:find:ufi{dn

vlonfia':un:vriuhflfiurirrt?rgur^rIsr'lplodr.:::nr$r o'.roon6,ouolnri, Url#rirluurjrir
ii r n n o s fr ri r vr^s o r n m dn rnl o n a r'l :J rfi n n r : ni r rfi u rf r

5. 1. 10.4 rir pH fi oritrtasn anrrsn:rrurflu n:n r.riorilu rild., olnnr:dn
2)- v | lo d , e

d:ue{sdn}'lonfifianrrvn?1ilrililen{ pH 9.96 (rirrj:vrjr pH 7.17) du,flur.,uurorncr:rnfr1u

sTrr.r.:dnylon

5.1.10.5 rir rps 6orir totut dissotved solios rfoar:firufiooqjrflu
-iY9etcDouRtufid'lornfrr.irunr::srfigdeu'lorir ilnsr^ud:drl?Innrvoql:sH'i1{ 20 - 1,000 mg/l

t99

6rdrvt^rornnt:dndaue.ndnrlonfieirrvirrTr 3,736.40 mg/t {sndrrirruo orsriot#rfiq6'ufl:ru
tvtAqrdyt9g

sioii'nifi orfruoqilu rir uauil:cyryufi l?Innrit0rnuildriirnaor'[d

5.1.10.6 rir Ha.dr,"., 6o rirn:unrrdrunu,ri, rilduolnnl:dnslru

r.rsfnv'lonfirirnrrrun:vrlx 67 mg/l (cacor) rioun'irdlil:nJr (sr mgn (caco; IerurJnfirirfi
I

tdlirrirrJ:srJrnr: fi rirn:riln:sdr{ il:vruru 50 - 80 mgfl (cacor) tilnrrrun:vdr.:rioundrd
arA4!,

0v rfl o n'l:n9 n: ou4{[uo{ 0 1n[]Juulo0u

5. 1. 1 1 q Eunl*nuorildun10il d'{0lnnr:dn#rfi rdou {u nv oor unyrutoolnn ffiorir
vYAai<irr

fll:ryn9?unau.tdu{yt:Jn?]runq{ p'tail:1na?1

s.t.ll.1 rir BoD d.rrflurj?rurnroonfiroufiuunfi6erldlunr:dosar:
6 <d a j I wy 4 | | s - | ,' 'ouvr3tiryriqfidooanru'[d frrirrvirdr n3 msn rurnn'irrirrJzaJ'r{0.72 msn) urfet{'jrrirfisorn
^,-9,!- 2t- - 4 4 ia J a 1o a I a 9ll a i dd qi,,
n1:rynq?unaut6ft,{miln?1il0d{utJ:tJ'li}looRlrtouuoutJlR 0{9lo{fl1:ooR!r[0u?lt[:Jnm[;g tu
q | - a a/ a jr uyA & j a< jo z{ rn

tufl'l:u0udl:ouvr:rJTuoytu0udn'lu talv{uil1f'tlllJ ry{ililnmr:uyrrna0lnn:1ur?r{0 [nnfl0.1fl'l:

6n dr on fr u rfi u s fi n s ril f; oil r n n'i r n r : dn dr u nr dn rl o n
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aaJ
x511{U ElUoUVrs 0fiil:runal rr+

419)c
no n1n?1ilf];&sn{llo{ul

;{vlA
ulyt{0rftn1:ryR9?unnu

sJ.rr.2 rir coo rflurirrira'.:n?1ildnil:nro{drd{ d.:rflu:Jirurar

oon6rouvtJsrrusrfidornr:tdlunr:oonfi'ledar:6uvr?dlurirl#narerrflunrfuou'lqoonlryd
9g/99,

ttavilr firirrvirfii $9 msll rurnn'jrrjrrj:v:Jr (2 mgn) usi#oun'jrilrfrsornnr:frndaufildn
v9

don rraq.:'irdrvr^r ornnr:dnd:unfrurfr u.:fi fi nrrru6a.:fr n:rruanrl: nrlo un'ir

5. l. I 1.3 Fir P,oo, rfl urrEfi dr,fl ulunlr,oicyrorlortoqfisrrnvdn{ rf Inrn

n:v{'uoionr:to?iytot'rlsroroufirrirotix:rsrrf : durioh?rfinilryr,rrdu 1 nrrurur'ld dqfidrrvir
9tl

riu o.:z mgn il1nn'jrrir:J:vilr (0.01 mgn) usi#oun'jrdrfisornnr:dndruarsfrndon uaon'jr
!: A d ia A d e

d r n r o r n n fr u r ? u r fr fr n r r ru n- q.r fi n n n : s vr u si o fr .: fi fr in fi o r ffrr o qj l u ri r rio u n'j r

5. 1. 1 1.4 rir pu fi oriruapr.:anlrsn':rrurfl u n:o nf ori'.lu,ild,0lonr:dn

d?unnAurfrurfifinarl6q.,dfioo.rrrorrrurflun:n pH 6.e5 trirrJ:srJr pH 7.r7) duflurunrur
i o 4d 6t z{ rn jo I g)

0 1 n R : 9r yt tfl 9t 0'l n t tu gt yl r: u t u 9t T 1 u l?t { o t n a m n a o gu u fl 't

s.1.11.5 rir ms fiorir rotat dissolved solids uioar:drndooqjrflu
-i9e)ersflouRlufia'rornfrrirunr::sruud:u'lorir rJn6u#erjrlilnnovoqi:yrirr 20 - 1,000 mgn

i !: ue A d ia i
drilrvnornnr:dndaunfiurfru.:fifin:116qr firirrvirfi'l 6st .2o mgn eqjturirsrirruq rloun'jr
t)t

rj r fi s o r n n r : frn de u an dn d o n 6.r hj fi d'u n : r u oi o {r?In n

I 99t

i.1.11.6 fll Hardness nO fl1n?1iln;s9l1{10{U1 Ulyl{0]fln1:ryR9?Unriil

rdu{fifin'lrrfiq.r firirn'rrrun:vdrs $2 msl(Cacor) urno'jrrirrJ:silr (s: mg/l (cacor) Iou
919t

rJnfir;rfi1#rnrrir:J:cilrna:firirnarrun:sdx il:vrurar 50 - 80 mgn (caco.) drnlrun:sdx

rloun'irdn srfionr:tinndouaqfi oq {r',n,fl uri'lduu
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s.z sTruaru::aus

5.2.r n?lildltrl:crlunr:frnpxtnurunvnrs d':ui6nr:I#nrcdnv'lon uayi6nr:1#

ndurdulfifin':rru64.r l#ruanatruavotntunr:dnfilndrdurniu rfio1#rJirurarr.wdnrlonqril

rirrrinro,:firfi,fin

s.2.2 nr:dnfirlsrutde{rdndondu oydunJf;osrirl#Eirulunr:dnqrn'jrnr:dndrer

nfiurfis{fifinrtru6qr rfiosornrJilrarlyhilr rJirrrurir uayrrnrfitdrurnn'jr il^asliuoyfin:ru
9r

ar:dnv'lontnrvot-otoqjrurffo#rld ff.rriol#rfisrnr::gnrsrn^orsiofi:fifrtor{aaruki

s.s e1ruil:sivrGnrulunr:dn

, e). - id A rn I o @ e) j 4 jd j5.3.1 611tuHdil4nsuamtil0ur?tdotnn lrio?i1n1:rynsraeJna-urriu{frrJn?tiloq{

rJ:rnq'jr fi:J:vfivrs^nrulunr:dnq.:ndr m5orvirtiu nr:frndrurusdnr'lon srruilnfiud:rfi3o

lnncru:ndqrnirsr^erdo#r niordule,ffrld#wrsflfinduacrnfi duu',.o#onr:1ffi6nr:du
d s I d In rhil 

I I

avtfroulruraqaodtrrduroroos'hi'ldna usisirlililnouvr-rl#n:r:ranil:nrurirfirnrysr^eruru

tn^uol:J t'riu fint:usirilfionrnrunarrur{ru{uro'rdr:ilnfiu finsEirul#nr:ruf,srdrui6ldnncu
< io i bl 4 | 4 q

rfl u{miln?1il n6Y{ t99{nar$utou?nu

s.3.2 firlur.rarur,1nnu^rfi,i1uu{uauoo{r rsorirnr:dnd'runaaurfrorfrfrn:rru64s

rJ:rnq'lr firJ:sfrvrt^nrnlunr:dnqrn'lr riorvirfirl nr:dndrurlrdndon unrSufirlue.rdu T/Ty

(T:60%,w40%) fifr:J:sfivrf;nrnlunr:dndrndrnr:dnd':unrfnv{on t{ud,flurvr:rs'ir#rtu
-. ^'4 I o7 lAa s^q - A d- ut r6t 9r4 I a

l,r aru fr il rf a u ru drJ r o { r u dn {fi fi q ar a ru rTo^ l u n r : q q du n fi u rfr u r'l ru hl u n r : ac fi o u n d'u l:J ru r 1 d

tfiufi u:rduavrfioufin:vr4rsiolruraqarosdr:rnn-u6sriouqhsrlou 6's#urJ:va^vrfinrwlu

n r: dndr d r n'ji rflr'[u ruaru ru^n du "]
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JaJ
?:l't{u Iuoll1l: aqrJHnnr:ifrouas{orduouuy / I l6

d
ulrYr 6

I av lY
dtut{a nl:?0uttav,uotduottuv

lunr:finur5,ir'un'rrxlflul:Jldlunr:dn#r Isrul#na^urfiusfifin?lilfiq{ tfu ld^u

n r : dnu ri,il'u n oaq iluav l#riorau ouu s ld d'.: siohJd

o.t {oatrrl

6.1. I ttaRl:finurttnsirn.:rv#qnrarurisr-drufla^nd uasrnfrtolar:ruafiufrrJurduu

' Xs)
0g1Julu0P.r1

ar:ruafiufitfiqornfion::ilrJnficJoril:s5'rsu lduri nrrurrdolnn uav{u

asoollt6ost^uInau d.:n:turn$o'lnnfia'nuorsnr:6sr6'otiruiu#l#.tudrurnfr rravdruflfind
4rn6ildvtae

n:rltmTo'lnn Iudrutnfiovtf,proonriou{xurnfirnrJAos?'l^.rl{ururfiu'hJ efeurjuavoosm€o

fi u ln a u fi dnu ars nt:6osr^o lu drufl fi ndrvi rrfu nr: cr frqd r Tddr 0nir usiodr.: 1: fi n rrunr: dr

#ifitvdnusirirriourirnr:fn ovdrul#ar:ilafiusirr 1 risnrirrncnru viorilfiuuanruyrflu

fl o { rfi a ? n r : dn dr qyrao vi r n rr ru as o r o 1 u ciu ei o 1 rJ o v lslnr n 6 n.i r

6.r.2 r.lnnt:finsr irn:tsr{ ooRuuu e#rs unvmflno{R:uLl?unrtfn#r Tsruld
A4i<i

nnu[?ru{nilfl?'tufid.l
I r t- 9t Ao 9 i

glJlrlr1J1J0troiln:fl{srnr.t'lytli1{1u6?un6tu[6iu{ytrJn?1runq{ uu nt:osri

d'nuarsfiarrur:nrir'hJijrunslurniowfnfirtifil#;uo4rf:tltA rilaoldunur.ndndonludx
- !' y ! a c d qg,,< - ! c)cJolnr:ni'nniltt:n ilarl0tRuu0{uroon:.l1rno n4rJfl'l:ltrflura'r{dt:uayt^uoonolilntiln:uu?u

nr:tolnr:dn#r raiolun:tfifin:-:rioulor'hifirniorfrnfirffororirqrJn:airTtneir':'[rJrjla.rlu

nrvuyfndrr6'ld
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6. t . 3 r.r n n I : fi n u r n r r ru rfl u hJ ldl u n I : dn fir Jn u 1 #n f; u rfi u.: fi fi n a r ru 6 a.r

ruafl rnnl:finur?fru drurj:vfivrfinrn dil::ctuu rrncil:vfinf;'nrvllunr:dnfir

:srjtrnt:frnd'luiBnr:t#ru.rdnvlon uayi6nr:ldnfrurdurfifinrrrfiqs riu ldnranr:finsr

=g^.--jq^2).4-.-9 --tt a . a ie, y A -.- | v ctAo! q , u?0um tnnlnu{nu d0onAo{nildil:Jet5luuo.rRr:a{u{ofr 1.4.1 rlein'l:d'nfilfrilrirufnrvirriu

rtncfidnuilrn'tlduuno{?n:ilafiurufioufiu nr:dnd'runn^urfiu{fifinrrrufiqsovr:Jf;errirl#
rgtr
nluuoufl?'r

6.1.4 r.rafl:syrnsiofiqr'rerdorufirn^s,duornnr:dn#rlprul#nnaurfiu.:frfinlrdar
g

6.r.4.r rir BoD d.rrflurJSruraroon6roufiurlnfi6uldlunr:douar:
e----<-4^--e--4-r- r4r, o'3 o s A d iaounEuryunfrdouaaru"tri drfrrornnr:dn6:erna-urdrrsfrfrn'tril6qsfi:J?lrnroonGtou#ou

lrn d.:dolnl:oonfitoufiulnfrrEul#tunr:douar:duvridsfinfidogaarutd,n*r,r,rndu do
aa Jo ^..--4^14 aa y i d- d 4 | v Ittunfitiuvttnnornn:uttt3olnatornr:dndrundurdgsfrnlrra^orurnn'irnr:dndrsp.ndndon

6.r.4.2 rir coD rflurirtirn'rn?1ildnil:niluoti,r*o dqflurj?rur.ar

oonfirouvilnruofir{ornr:ldtunr:oon6lordar:o^uvridlurirlrflnnrurflunrfuoutooon'lryd
..^^.-t"^ -i^^-:--^- - --'.e._9-. d 4, ja ' st , 3 3ttavdt drvtlornnr:dnpi:snfiut?mfrfin'lru64sfinerruanil:nrioun'jrdrfrrrrnnr:dndrs

nrdnylon

6.1.4.3 ril P,oo, rfl u r rq fi 6rrfl ulu nr:ro?tyur^ulor zu orffmrn vri'sr { riwa
, I a a o 

4 9, . q9!4 yl ' A !:n:v{u ri onr: ro?qurulsrtosffrrirodx:rnr$a durioh?rfi orilryr ro^u 1 nrrurur'ld ry{illyr{
^-_^__-^aa_y^,._4-..+.-._ee-, ai a , {<ao j s?,._!q ! y I a y0lfif'|1:ryRfl?uflauldu{miln?rilnq{ilr,tnn:yytustod{ris?gn4ott{u0q1uilrilounirnr:ryndrs

anfrnv{on

6.1.4.4 rir pu nooriruansanrrsnrrrurfl un:sr rf osi''o tildu o'ronr:dn

d':ernfiurfiusfifinll6qodfioollrorruflun:q pH 6.95 trh:J:silr pH 7.t7) du,flu^uul
d a Ad q A U d- | I
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?rTl{s luoun' aqilnanr:io'orrasdorauouus l I l8

6.r.4.5 rir ms noorit Total dissolved solids riodr:fitra^ooqjrflunvnou
- it I ,n J d i3 u I A .r ia i .ri I q

R'lufin{0'lf'rvtn'luf],l::sr?{ugl?u tou'r er{u'l1l{01nR'r:lrfln?unnutdu{ililn?1iloq{ iln'lrytlf'tu

65r.20 msn oqjlurixrirrun rioun'jrdrd{r1nnl:dnd?urusdnrlon drTrifidusr:ruoio{

u?lnn

2ty9

6.r.4.6 rir Hardrr"ss fr o rirn:rrun: vdrl cJ old t d tvt^l o t nn r: dnd:unaou
d Aa ; a r y | ! t I rlt , I q tr^ v | 4 u ,o

tdu.$Tiln?1il6rd{ rinln?1ilfl:y9t'l{il1flf]?'Iu1il:cu'l [[9] tuflo tfitflof]'l:f]af'r:ou ry{ lililHng

t o a 4 a A!: s b I

9loftl:m'lnlgfi il il:00uytulu0fl Tt9tTtl [uq

, I g;, sss d otrrd 4 ie d. 4
dE:J Eilnlil1O{ru'rvr{ 0'rnn1:ctrfl9.r'r9r?u?5R1: tsnaur6YU{Yliln?lu0q{ ilr.ln

, A I I I e 9t 4 qg q I A I a
n:sTUqod{u?anouuoS,n?1 n1:ernq?u?rn1: t5r.r{ryf]flon ry{cYonnno{n:.JrYuiln$1u10{R1:
aq c,, i
?0u10vr 1.4.2

e.z rllaruruasoila::nlunr:fi nuriffrr9q

flu':rern?ul{rutornf;urf,srriou{rroveiourirds rffooqilunrruvfirflurryarafin rfrol

l r nl#p{acro{n1: dedoil cr or n durdur fi rlouilrn

6.3 dorsuouus

6. 3. 1 {o rau o uu v drn ir n r: ri r fl n n r :e t'ufi hJ 1 #r r u

6.3.1.1 n'r:lddnffrfifi,duu''u ttnsrirnrintolfirlunr:dnusiavn$tlil

n?:illnn'jl s frInniru (rfiouv?.r)

9l

6.3.t.2 rj5rurnnirfirfiil1cdil1unr:dn'hinr:rrnrfiu'lrl rl?rurrufi
I

rfi rJ 1 s dil n^o : v d'u d r n e : g r n'jr fir rl : u il'r m 5 lryu fi ru n :
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6.3.t.3 rioufirnr:fnnr:uei1uil1mfrordoor.:il:vruru go urfi rdoqiru

nvnrudl: ravr^u fi fi run m rr dru rnfi unsrffor o'onfiu

e.z.z ilanuouuydrrillruifiueiordol

6.3.2.1 n ? : o o fl u: J u q rJ n : aidn fir fi ri r.r r u d'r u n fr u rf; us fi fi n l ru 6 4.: h?fi{

ri rfri lu n r : dn ru r n n'i r d,*ou,**u rru r : o u s tu n r : dn fir fi fi n n ru u u r ua y,f r u eu ru r n ld

G.3.2.r na:l#fir ufonuuvtri#rdniirfl ulams rdu duaurad rdu,*"u

tu:tlunr:asfiourornf;urde,rfifin'rudqr d.rorEiaurfirurJ:vfivrfinrnlunr:dnqsdu

6.3.2.2 n r: o v'ldfi nr:finru r grJu:.rut orqiln: aidn #r fi rir':rudrundu

rfiorfifinarru6q.r trflfiors{r::luirl:Jtiurniosdnr(rfl$oruri'rEor'hIn:Iil:rqarryof fiarrur:n
v

rfronJil:un:runr:fnl#ruuvarfrtl6'nsilcnr::Jurfuunuuar:rnfiuunvryu^nfir dorfluvrr.r

6o nrdrdt#n1ilil:sfi ffErlunr: ldnr dnv{ on
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uiar fi nin sr a-r, rr rin ur d'oru^n a

Color fastness

to Light

to Laundry

to Water

to Perspiration

to Rubbing

to Dry cleaning r

to Chlorinated water

to Hot pressing

Bursting sfrength

Tensile strength (kgfl

Tearing strength (kgf)

Pilling iesistance (class)

Seam slippage (mm.)

Laundering shrinkage

Forrnaldehyde

Test method

JIS L 0842 Exposure method 3

JIS L 0844 Method A-2

JIS L 0846 Method A

JIS L 0848 Method A

( Alkaline, Acid )

JIS L 0849 Method II

JIS L 0860

JIS L 0884 ( Weak 10 ppm.)

JIS L 0850 (Wet severe)

JIS L 1018(Mu[entne)

Jrs L 1096 (A)

ns L 1096 (D)

JIS I 1076 (A) ICI Pilling box

nS L 1096 (B), (5 ksO

JIS I 1042 Method c (103), 3 times,

Hang line (Line dry)

Test method *6

Standard

c>4 *1

c >4, s > 3-4 'r'2

c >4,s > 3-4

c>4,s>3

DryS>4,Wet23

Deep color S > 2-3 *3

c > 4,s >4

c>3-4
c>4,s>4
)Akgf/cm2 *4

w > 30.0, F> 20.0

w>1.0,F>1.0
class 2 3

S 3.0 mm.

Woven W&F + 4yo*5

Knit W *7o/o,F+7%

-5olo Color change *7

Baby A-A0 < 0.05

Other under wear,

socks, Nigth wear, etc.

< 75 ppm.

'tyt.!. 0nnIillaEfirurursfl trnaonr:fwurminurnr) / 133

GENERAL JAPANESE QUALITY STANDARD FOR TRADING

April 1991

Consumer Products Inspection & Trading Co., Ltd.
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?rfi{u luounr

Note C : Color charge. S : Staining, Adjacent undyed cloth : Cotton and Silk

W: Warp (Length), F : Filling (Cross)

*Remarks

l. Pastel color C > 3, Pale color C > 3

2. Denim, Corduroy, C > 3-4,S > 3

nmflu?R t / 134

3. Denim, Velveteen, Corduroy, Flannel fabrics, Pigments print, etc. Dry S > 3-4,

WetS 2 2

4. For knit fabrics

5. Sheersucker, Crepe, Pile W&F !6yo,Cuttershirt W&F + 3yo

6. Ministry of health & Welfare, Ministerial ordinance No. 34

7 . For pigment prinS and rubbing prints : after laurdering 3 times or 5 times C > 3-4

And defect-fre.
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Rlnrnl?n R / 136

n 1 :1{ fi 1 ru n t :nJS uurfi w n ?lxlild uuuila { ilo.r fr rxrfi r4r n r :dn : s r dx nr :dn daerer-l#

n n'urf; us fi fr n :*rfr qr nir #r riouri r ni :dn lu n : fi fr rdou *r€o ln n

gu'otoq#r frrriaufirnr:fin dndionnaurfiu.:

t Pv ,s.D. v s.D.

0.548
t. ptrluruail T:.pvL

(T:7IYo, R+L:397;

4.600 0.548 4.600 0.000 < 0.0i

z. ili.lanau TA/A

(T=65Yo, R-I7 .5To, A: 17 .5%)

4.600 0.548 4.600 0.548 0.000 < 0.01

:. rflrlur.ral rrw

(T:600/o,W40%o)

4.600 0.548 4.000 0.000 2.48 < 0.01

q. il'tluwau uc

(T:610/o, C=39 /o)

4.600 0.548 4.600 0.548 2.48 < 0.01

s. ffrlunartrc

(T-70Yo,C:30%o)

4.600 0.548 3.000 0.000 6.529* < 0.01

e. #;rdyc

(T-7,0Yn, C=30Yo)

4.600 0.548 4.57A '0.007 0.013 < 0.01
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uiEqr'ninorn'o nrrinura"our-no 1n.u. (rnnfuTaEfimlr:alrndonr:n-flurnin0rnr) / 137

I

etI:I{fr 2t'f nr:nJEurrfierua'Jrilrilduuuilarrorfi#rfivirnr:dn :srdnnr:.i,nd:ui61d

nr dnylo n ni:.r #r rioud rnr:dn lu n : dfi rdou {u avoor

gu'ntorrlt 9roa
9.r1f'roufl1n'l:qn ,i7nd':uFndndon

t Pv ,S.D. X ,s.D.

t. #rluzuaxl TlwL

(T:70o/o, R+L=30%)

4.600 0.s48 4.000 0.000 2.448 < 0.0tr

z. firlunail TiRlA

(T= 65%o, R=!7 .5To, A=!7 .5o/o)

4.600 0.548 4.400 0.548 0.577 < 0.01

s. #rlur.tarl r ry

(T:60Yo,W:40%)

4.600 0.548 4.400 0.548 0.57V < 0.01

+. #rlunail vc

(T-6Lo/o, C-39Yo)

4.600 0.548 4.000 0.000 2.48 <.0.01

s. ffrluarat tlc

(T:10Yo,C=30%)

4.600 0.548 3.400 0.548 2.48 < 0.01

a. hd-rrc

(T-'10%q C=3Qo/o)

4.600 0.548 4.000 0.000 2.48 < 0.01

Copyright by Mahidol University



::nlf 1uo'unf
Rlflflu?n R/ t38

n 1 :1 { d 3 9'l n t : nji erufi uu n ? 1 tr til fi u u u:J a.: r o r fi eii fr d r n r :dn :s r dr rn r : fin s1r un aou rfr ur

fi fi n r ru fi q.: rTu rir riou r4 r n r : fn 1u n :tfi fi rdou {u n vo or

sfiqro.:#r rirrioufirnr:dn dnd?uandurdur

t Pv ^9.D. X ,s.D.

r.

(T=70o/o, R+L=39o4;

4.600 0.548 4.400 0.548 0.577 < 0.01

_ 9qz. r.tlluitfflJ T/R/A

(T =6 5Yo, R=Ll .SYo, A=17 .So/a)

4.600 0.548 4.400 0.548 0.577 < 0.01

:. rirlunaru vw

(T:600/o,W40%o)

4.600 0.548 4.000 0.000 2.48 < 0.01

q. il'fluuauyc

(T:6IYo,C:39To)

4.600 0.548 4.400 0.548 0.577 < 0.01

s. ffrtuataru tlc

(T-70Yo,C=30Yo)

4.600 0.548 3.400 0.548 3.462 < 0.0t

a. ffid.trc

(T:70Yo, C=30Yo)

4.600 0.548 4.570 0.007 0.013 < 0.01
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uinrfi'nivrora-o !?rin0ra'ou.r-na rn.,. (rnnJulnEfirflursflrJrndonr:n:srurn:-nornr) / 
'9

!

fl1:r{fi 4?.r nr:nJSuurfiuun?rurilauiluiln{ro{fi#rfifrnr:dn :vrirnr:dnd,:eJifild

ru.: dn'd o n fi'r #r rieu r{rnr :oi'n lu n:dfi rdournto Tn n

tu'Frto.:th 91 os
ru]f'touyt1fl1:ryf] dnd:un{dndon

t Pv .t.D. X ,s.D.

t. frrlur{au TA/L

(T:7|Yo, R+L-39*,

4.600 0.548 4.000 0.000 2.448 < 0.01

z. firluarau T/R/A

(T= 65%o, R: l7 .5o/o, A:17 .5o/o)

4.600 0.548 4.000 0.000 2.48 < 0.01

:. #rlsrua! r v
(T=$0%,W40Yo)

4.600 0.548 4.000 0.000 2.48 < 0.01

+. illlunaurrc

(T:6LYI,C:39Yo)

4.600 0.548 3.600 0.548 2.885 < 0-01

s. ffrlse.lail ?c

(T:70o/o, C=30%)

4.600 0.548 3.000 0.000 6-529* < 0.01

a. hd rrc

(T=1Ao/o, C=30a/o)

4.600 0.548 4.000 0.000 2.48 < 0.01

Copyright by Mahidol University



rrnrd 1udunf R]nflv2nfl/ t40

Gl
9t15'l{tYt 59.f nr:r:Jierurfiuun':rrruJderuuiln,r1ro{fiuxrfidrnr:dn :srdr.rnr:.iind,:uifr1dnaou

rd* fi fi n :'r 6 q.: fiui6 l#nrs findo n lu n: fi fi rdo urrto,ln n

ryfisrso{fir ,fi'nd:unnjurfrur dndrunndnr{on

t PX ^t.Q. X s.D.

t. rirlue.rnru TINL

(T=7|Yo, R+L:30%)

4.600 0.548 4.000 0.000 2.48 < 0.01

z. ililunau T/R/A

(T = 6 5%o, R= L7 . 5 o/o, A: l7 . 5%o)

4.600 0.548 4.000 0.000 2.448 < 0.01

g. rlrluflail r il
(T-6U/o,W=40Yo)

4.600 0.548 4.000 0.000 2.448 < 0.01

+. llrlur.raru vc

(T:610/o, C=39%o)

4.600 0.548 3.600 0.548 2.885 < 0.01

s. #rluHail ?c

(T:7ATo,C=30Yo)

4.600 0.548 3.000 0.000 6-529* < 0.01

a. hd "rrc

(T=70Yo,C:3OYo)

4.600 0.548 4.000 0.000 2.48 < 0.01
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u"Eqr'n ?n u r a'o r u r i n or a's r n'o a rn. l. 0yrn Iu Taifi ril!rsaurfiionr:fierurniilornr) / I 4 t

nr:r{fi 6ru 'rr:r:JEe,urfiuiln?rillilnuuuiln{ro.:firirfirirnr:dn :sri^nr:dndruffildnf;u

r fr u { fi fr n r r' n' q.: rir.r i6 1 #er.:.iin yl o n 1 u n : fi fi rdo u nJ u n v o o.:

ryu'Frror#t sYidcrfla?uflnulflu.1 dnd:up.ndnylon

t PX .s.D. X ,s.D.

t. ffrluzual TIR/L

(T:7IYo, R+L:30%)

4.400 0.548 4.000 0.000 6.660* < 0.01

z. illluwau r/R/A

(T : 6 5 Yo, R: 17 . 5 %a, A: 17 . 5%)

4.400 0.548 4.400 0.548 0.000 < 0.01

g. ffrlerr.tail t/w

(T=60Yo,W40Vo)

4.000 0.000 4.400 0.548 -6.660r, < 0.01

+. frrlurlau tlc

(T:6IYo, C:39%o)

4.400 0.548 4.000 0.000 5.660* < 0.01

s. #rluflau rlc

(T=70Yo, C:30o/o)

3.400 0.548 3.400 0.548 0.000 < 0.01

a. il'rfr,rrc

(T:70Yo, C:30Yo)

4.600 0.548 4.400 0.548 0.577 < 0.01
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r:nld 1uo'uvrf
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rior fi nivr end'u ilfi rivr urdo!fi n a

E;ltlTRA.;frl.Or r.lF

Lghl :dr:EFi

$rrr11r;-;*

r'.hth r.'*l

$nrrrr4;g

Fn*.', f.",;

tr. cHthrSE +F 5H4f,E S:51r.lf.ll,ltFttr !.: LEI,IEFT

TTI lfilrilICTEIFR

?fl .rJ. (tilnIillatiirururydrurn*onr:fiorurnt-nurnr) / I 43

TEST REFORT DF FHYSIC4LAhJD COLOUEI+$TNE$E

TE5- RECUEtrFDF'r.
illr.

ouclFt' J*/.+ E{iiPhsrDH L$L t :t, tli$

T$T
r.lETHttl

l*dl,lEat!E{

+i+1

rr$ L'JlFfH Flfi' FEFfrFE fr,t*gH .ttsr: rrFTEn $,r.8
l-rl lF|l n+ t-]n Tn

Fmpirrt6n

ti:ls9si

FubUlrg

lcEFnl

l€nErl€ L :OS UfEn

StrBrFtr rhli | 'a,
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'::nrd 1uo'unf
n1n9\u1n n / t44

TEST HEFOFT OF FHYSICALAND COLf,UFt FAsTFJTs.*r.
TEET. FEUUESIEf E1'_. FAIE _. Ftrf

GBI{TF.€tr-rLsr h'J. 

-. 

cur.urr :flw [,r$FEcriJE

cfrL0uR .ailrEIIl]l
EqJ.f,,r'.tlfln q.ql.{fdJ

Lri L?/lC fiu lr',tt

TF5r.
IIEIHi'D

,._{r_

B?

trleunrrg

Ferrpr'11'11gn

rflBiE:

c: cHF.NtiiE (]t- 5H4Fk $: Sl.4t'lrNlRdi !: LEfiEH-
TTt lHrutqrtrttrq

iV. $ilCTH Af{ EE=XHE'rl',tEH F.lil: {.TEF TrASt
trllFU lF rf'r TTI
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ris qn'n ? il ur du ruil rim or a'su u^e a rvr.l. (rvrnIuIafi firfl ilrceurnAonr:rVfl urnr-y{0rn:) r t +s

OLOUF

TEsI. FESUESIEB.ET- EATF.

B0fllceiilL'3T l'tb rrf {6!'31}rusF€sr+n

'fi'G+a1'169 {F sl{.t:E s: srtiilHt"ltHG L LEHFHT l#: UJ{trTr Err: gEFtrgE 9r'/rg "frrt:4FrEfl ur,p
TTt lf.rhtl*fftttr.t trt ltrtn nn tfn

TE5T.
IiETFfJ

r.|i*{r
.rrf,q

F€lsF lslhR

[dnti
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r:n.rd pduvrf

fESt FE[,UE$TEBET__. EI,TE _ r,Il=

DDtlTn*ffr.L,trruo 

-.- 

ouil;ar' W f7. f'],"=,Earc*.

n]fiflu?n n / 146

TEST REFtrRT.OF PHYSTCALAHD COLOUF FA5TI{ESS

IE$T.
rtErHt

.fir1llaflrLd

t'lrt{r

El 5r'B [,1€iF.,

F€|EF'allrrl

3: Cl{.lfEE tr$'EHI0E E. El&nlHlHE L. LEltttiftT
TTt thtnt tqTEiltrc

ttr: \{ltrTH Eff: EEFBFE ll'l$rl ttA': *FTEQ ltrE
Drlgll hq flft lTn

H&birg

[daFE!

Subllrull!.1

[dtr?F!
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R'lnP.fu?R il

l4t4ry4
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r:rwd prduni nmn!?n { / l4g

f
dgt'l:'l{tYt 7tf n r :nJE uu rfi u u ri rn : r r sfi il u5 {6{ I o{rdu 1u fir fi ri'r nr rr o a o n dR sia ue6 n r :ld

rus dndo n fiurirrfi l riou nr:rn a o.:dn lu n :fi fi rdourn€o ln a

ay
suaflo{il1

ri rn : r ru dru u: r el*r I or 1u #r

rioudn (te)

ri r n :r l dr u u: r sror t o.: 1 e, r1r il n-r

n r: frn 6'': r, r,r.r frnyl o n (tg)

Ita
9t'tuulJ druil.:

9a
AlUUU

9r
erluq{

v ^9.D. X .t.D. T ^t D. X s.D.
91
9l'l0uu

9t.
n'lu}t{lq

t.#rlunrau

TIPuL

(T:7}Yo,

R+L=30%)

100.3E 0.012 r00.12 0.r t6 90.8t o0n 91.28 Tr2 1,304.93" 169.50i

z.friluaau

T/R/A

(T:650/o,

R:17.SYo,

A:l7.5Yo)

100.07 0.063 E5.70 0.07r E7.n 0.0r I E3.80 0.007 43l.z16r 59.55.

:.fir1ue.rail

Trw

(T=60To,

w4o%)

72.33 4.024 54.37 0.007 50.60 0.007 46.75 0.007 |,943.59f 1.72 l. I 8r
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uiE fl-oirurda !? rin srdsl'tlr'n a rn.l. 0naTu IaEfi tilrlrcatrrda or:njsurn :-nornr) / I 49

I
d -l -ftl:].tYt 7at (910)

€9
suaflo{r.l'l

ri rn : r ru slru u:.: 6r rr or 1u fir

rioudn (te)

ri rn :r ru dr u u:.: dr r o r 1 u fir

mdsnr:dndeumdndon (rg)

94
FIlTJUil

9r
o1u4n

94
9lltJUU

9.
91Ulll{

x ^t D. X ,s.D. v .s.D. v ,s.D.
lvl
9t'lt,uu

9.
n'lt vf{

+.#rlunal

TlC

(T:6LYo,

C-39o/o)

93J0 0.012 as2 0.012 E6t0 0.012 35.98 0.012 935.5 I e 795.84t

s.fir1unaru

:,c
(T=70o/o,

C:30o/o)

90.08 0.01I 67.75 0.012 E6.E3 0.009 49.t3 0.0r2 5l 1.32r 2,453.4r

P < 0.01

?4ulul?fq #rfivrErroulun:fi Color Change ntufid{nr:dnrdosr:errToun?turilfiuuu:Jarrol

arJ
SItVlluu
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a-t
15il{U rluoltxt RlRfiU1n { / 150

nt:t{d 8tt nr:nJiuurfiuuritflrrudtuu:.:a'{roqdulu#rr'firnr:roaord'n sirui6nr:ld

ru.r dndo n ti'urirrfiuriou nr : m oa ordn 1u n : fi fi rfl eu {u av o o.:

6It
TU9lJO{r.t'1

ri tn :rrudruu:rdrt or1ufir rieu

dn (kg)

ri r n : r ru6'r u u: r sr'r r o r 1 u #r

r,r #.r n r :{n d: er r.r.: dnrl o n (kg)

9a
ft'luulJ dru{s ,ta

9t1ut U
9r
oluTt{l

7 .t D. v ^s.D. X s.D. v .s.D.
9'1
9tlUtJU

tyr
olu?lil

t.fir1unau

TIRJL

(T:7!Yo,

R+L=30%)

l@.38 0.012 100.12 0.r l6 60.0E 0.0r6 55.03 0.007 4,505.68+ E67.60*

z.ilt\uaau

T/R/A

(T-65%o,

R:l'l.SYo,

A=17.5o/o)

r00.07 0.063 E5.70 0.071 71.90 0.012 39.37 0.007 9E2. I Ei t452.07'

g.rXrlsndil

TlW

(T--600/o,

w4o%)

72.33 0.024 54.37 0.007 43.73 0.01I 27.10 0.012 2,472-34r 4,3E9.26r
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uiEfi n insr a-u ul rir sra"slfi o a rn.u. (rnalulnEfi u.lrr;errnio n r:nifl u rn:-wsrnr ) I I 5 I

etl:'t{fr gr.t (eio)

6tl
9u910{tffl

rirn arrudrur r:ser'.rr or 1u #r

rioudn (tg)

ri ra : rrt dru u:r n'.: cJ o r 1 ufir

r a-r n r :'fi'n de u Hs dnd o n (kg)

y4
9t'lurju dru{.: 9A

9tlUUU druvjr

X ^t D. v .9.D. X ,s-D. T s.D.
,, al
I'tuuu 9.

aluqtl

a.firlunal

Trc

(T=61%o,

C=39%)

93.30' 0-012 a.g) 0.0t2 4t.50 0-007 x2.63 0.0t2 8,337.5t I L554.E6'

s.ffr1ur.ran

:tc
' 

(TiIOo/o,

C10o/o)

90.08 0.01I 67.75 0.0t2 49.63 0.007
'18-25 0.012 6,937.t2r 2,5693t.

P < 0.01
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Ft'l:t{fi.99.1 nr:nJEerurfiurrirn:rldruu:.:a'sro.rr#uls#rfi'/irnr:nqnorfin d:ui6nr:ld
Aaiai-r€,s'e

n d utdgIfr iln ?I il il d.t rir ri ttsr-u n ou R 1 rnq ao { dn lu n :fi fi rtl o u rrto'ln n

a9)
su9tlJo.:rul

ri rn :urdt u r r:.:6.r t o.:1 ufir

' rioudn Ge)

rirn rrupfi u u:.rdw o.: 1e, rXr

r fi.: n r : dn d'r un niu rfi ur (kg)

tt4
NlUUU

9l
9t'lu1\{

91
9tlUUU

Iti
el'luI{r

7 s.D. T ^t.D. X ,s.D. v ,s.D.
tt4
oluuu lYr

9',lul{{

t.#tlunal

T/RIL

(T:7lYo,

R+L=30%)

l(X).38 0.012 100.12 0.r l6 n.t2 0.007 67.36 0.012 3,759.93r 62E.l4t

2.illlunau

T/R/A

(T:65%o,

R=IT.5Yo,

A:17.5%)

100.07 0.063 E5.70 0.071 83.78 0.005 80.35 0.009 576.37' t67. I 5*

r.#rluHau

Trw

(T:60%,

w40%)

72.33 0.024 51.37 0.007 57.05 0.007 3E,4t) 0.012 1,366.68r 2,570.46j
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er't:]{fr 9r.t (eio)

-.9su9rlJo{fl'l

ri r n : rru sh u u: r o'r r o.: 1u #r

rioudn (te)

ri rn :rt slruu:{ d.: r o r luffr

u fir n r : dnd: un niu rfi ur 69)

94
ElUUU

9l
9lUTt!

y4
91UUlJ

9r
9t1Uq.:

x s.D. v ,s.D. 7 S.D. X ,s.D.
t, .a
9t-luuu drur{.r

+.#r1uHail

Tlc

(T:610/o,

C=39Yo)

93.30 0.012 42.02 0.012 73.70 0.012 34.62 0.(X)7 L592.53* I,l9t.07f

s.ffrtsnarl

Ttc

(T1lYo,

C=30o/o)

90.0E 0.01l 67.75 0.012 a.o7 0.0t2 4t.Tl 0.009 1.10026r 3,872.87.

P < 0.01
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r:n.rd rludunf R'lfl9tg?n { / t54

d '1,- -4 | I 4 I q y A.911:1{l1l 1Oru n1:tilsuut?luuritn?tu6'1ulr:{n-{fl0{rdukl,iryt-f ti't1:ileao{dn ri:uiEnr:1#

-4-..+.-_--=i-o___-d_- 
q I e I s q ojd ,lnniltfIU{niln?1iln q{ fl iln 1[ailf'lo1lfil:Taa0{sR jun:fr fr rilou dunvool

€9yuolJo{il]

rirnarrdruu:sffsrorls#r

rioudn (te)

ri r a r r l di u u:r er'r I o r 1 u ffr

r,r dr n r : dn 6': sn aiu rfr sr (kg)

94
9rlUUU

tll
a1uil{lt

,la
9t'luuu

<tl
q'lulAl{

X ,s.D. v ^s.D. X .s.D. X ,s.D.
9a
FI'IUUU druv!r

t.frrlunral

T/R/L

(T1lyo,

R+L:30%)

t00.38 0.0t2 r00. t2 0.t l6 10025 0.037 90.63 0.008 7.473t 1E2.50.

z.iltlunau

T/R/A

(T:65%o,

R=17.5o/o,

A-L7.SYo)

100.07 0.063 E5.70 0.07r 83.63 0.007 80.70 0.0r2 579.94; 15527j

:.ffrluHail

TlW

(T:60Yo,

w4o%)

72.33 0.m4 54.37 0.@7 67.79 0.014 48. l0 0.@7 365.37. I,416.25r
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uiorfr'nin srn's rn rin ordoutin n

i -t -
9r1:1{n 10e.r (9r0)

:n.u. gna Tula6fi m rr curnio nunianrm r-fi ulnr ) / I 55

69
9u910{lFt']

ri r n a r r s1r u r r:.r Erds I o.: 1 u tir

rioudn &e)

ri m rrru dru u:{ o'q I o r 1 u fir

r n-l n r :dn Ele un niu rf, ss (kg)

9A
9tlUUU

9t,
41u4.'l

7tA
9t'luuu

9r,
9'lultt{

X ^9.D. X .t D. v ,s-D. x ,s.D.
9A
OlUUU druvj.r

+.#rtunau

TlC

(T=6IYo,

C:39o/o)

93.30 0.012 a.t2 0.012 t3.45 0.012 41.03 -'0.(X)7 t297.85. 159.35.

s.firluHau

TlC

(TaTAo/o,

C:30o/o)

90.0E 0.0r I 67.75 0.012 86.5E 0.fin 46.80 0.009 6C0:5. 3,tu.M.

P < 0.01
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aaa?rfi{u luoilnt

t

nt:r{1fi 11r.t nr:njiuurfiuudtn'rtil6'ruu:rsr'.rroltdulsr1rfifrnr:nnnol.i'n 6'auiinr:ld

r.rcdnvlon *nsi6 nr:ldn niu rf, u{fi fi n:rru6 q.: lu n:fi d,i%u rJu avoe.r

Rtnnu?R { / 156

gu'ocJosfir

rirnrrrudru u:rdr rosl u#,r

n dr o r nn r:dnd'':uandnylo n

(kg)

ri rn r lrl sh u u:s dr r o r 1 u fir

nd'rnr:frnd:unajurfiur

(ke)

94
O'IUTJlJ

9l
9r'lu?lt{

94
n'ruuu

9tr
01rJ1Nq

x .s.D. v ,s.D. T s.D. 7 ,s.D.
94
9t1UUU

9.
9lUqtl

t.#rlur.rail

TIFuL

(t:toyi,

R+L-30%)

60.0E 0.016 55.03 0.007 t00.25 0.037 90.63 0.00E -222E.2. -7,488.52

2.il'r\unau

TIR/A

(T:650/o,

R:17.5YO,

A:L7.5Yo)

7t.90 0.012 39.37 0.c07 E6.63 0.007 E0.70 0.012 2374.9' -6,652.3*

:.fir1unan

TlW

(T:60Yo,

w:40%)

43.73 0.01I 27-10 0.012 67.79 0.014 48.t0 0.007 -3,021.7r -3,3E0. I i
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riEf nins:a'u rl? rin sra's!fi n a

f

m.r. (rnnlula6fi ffi rtrsff rtrndo nr:niourn:-nor nr) / I 57

etl:]{fr 11r{ (eio)

P < 0.01

69'
su9l10.:fl'1

rirn e u dru u:.r sr*r qi o r 1u fir

n a'r o rn Rr:dndruru{fnrlon

(ke)

ri rn:rl flruu:.:fiwos1u #r

fla-snr:dnd,lunf,urfiul

(te)

tr4ftluull 9r
9r1UTt.:t

94
n'luuu

9t
9l'luTl{l

I

X ^9.D. X .t D. X S.D. X ^t.a
9Agllt tju

9.
aluqtl

+.#rlur.rau

Ttc

(T=6lYo,

C=39Yo)

41.50 0.007 2.63 0.0t2 83.45 0.012 41.03 0.@7 4.752.t' - 2,961.5E*

s.fi.ltur.fau

, TIC

(T:'Ila/o,

C:3}Yo)

49.63 0.007 46.80 0.012 E6.58 0.q)7 4E25 0.009 -8,3462. -216.15.
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RlR9rU',tR { / l5E

d a I g d I ct 9Ao
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pH:7.17

Hardness=83

mg/l(CaCOr)

TDS=l22mg4

35 20 BOD-233mgl

coH39

ml

Po-=O.37mgfl

pHd.95

Hardness-152

me/l(Cac%)

TDS{5l.20

mg/l

a.il'fitrc

(T-7lYo,

C=30Yo).,

{uaroo.r
j

ttactfl.10

lna

i

34 20 BOF0.72mgll

COD*2mgn

P,*,=0.0lmg/l

pH=l.17

Hardness=83

mg/l (CaCOr)

TDS=l22m9l

35 20 BOF233mg/l

COn=439

mdl.

Prr:0.37mgll

pH=6.95

Hardness=152

mg/l (CaCOr)

TDS=651.20

m9l
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(- ngxr*/

ffi nru d+ur nfisr ussnf,n urnrfl 1fr H{ }lllltilfi f,suft nn
qhErfitntlru + f, rt1ilfi dro. tlnor,atnr +u?tlgr ra lro

trt1r ilr'rS5o?, tilJrell'16 rluB3c Frr : r{F5t0

hr'trlrlf ginrmrrrt'lrTnms?tnr's{mtdrq*cl':ndku

luCqlnl nlnr rt*rtrnn rrrutredrni t

dftilr+dr+f r 4cunnrrf luErrt'{

lilnilrrnu#rtdlr 'tiodrrlt'' tru'nr 3 p'rnrirl

fxiifirilrorirr 9 firrrnP T.*' $43

Ttfid.ttonu lE *qrnu rt'F le{r
._ ?_.:._._._

I Fffrnricr rlr*tsdr
*rdtrilrlrt

pH ?'t?

3Ou 1ug,1 n'TI

g(Iq (ll#ll I

rs$trrBtlt ;, ujt.m

t{trtllro|rtitlttfltD o.{tl

! rlrlr*r rnrEr (rco!!. s1_-_i_-_-.-

tu'rfuet q;trrr.liluttt

i!ilnrtr*{nr*edl.t{l!

Jfi5

lgt_r

4tF

dil.s
05r

ill

ts* fi,**r.
r{i.t*ntt t or ri;6trra t.hlllfudl

ritu{rlnrmrrq'

-,/L.Lr* ,l -'.*

r.rorrrtrfitlrdi+tfn rptnfu)
nsrrf,

n ilsftq+1rrdgtlurtltr:lrfi nTrfi !Ti{

'U'*{FE 
rrrltll?}:*Eq.tfif*C6t+qurirari'dr1mtrn*afiIrtirdu tln.Hilml!iu'rl*fot{'

lslrilfrlld.u ti rodur urit u urnit'u?fnrfr urfii

itfo
,ihil-slftrlsn

rnrfl. P_€lCopyright by Mahidol University
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uEqln?ilna g !?t'l?lt01a0x?tRa rn.l. 0nn Iula6fi rilrrcfl rxfi"on rrr.riau rn r-n ornr; I 177

Fl'l:l{1fi 18al finnt:til€uutfiuln:uatil'r50tunl:dnrhrurrrnst'l{ :ufi,ir.:nt:dnrl?uiinr:
qy q | < ety A d ia .|
tsp{{crfl iloR unc?rf]1: tfl nnutdu.:ytiln?lu nfl{

P < 0.01

lJ'lel:g1ulo{ JIS L 0844 uay JIS L 0848 ldtirnuEr:sd'u G.uy scale silfi

o.ooo - 2.499:#su, 2.500 -3.4gg = iltunntl, 3.500 -4.499 : il]fl
j

[[as 4.500 - 5.000 : ulnTdgl

6:y
su9t10{il-l af]u6us

9)
ru1

n:rruartr:nlunr:dn

+tdr.r.rdndon cy zi d ia i
rTnnur6Yu{7lun?1ilnq{

X s.D. :s9t:.J X ,t.D. 5s9t:J

l. firlunau rnn

(T=70%,R+L-30%)

lJ'l{ 4.530 0.507 ilrndqn 4.500 0.509 rJ1nflqo 0.4

l.tu1 4.420 0.728 il1n 4.390 0.553 l,|'lR 0.21

z. #rlur{au tiRA

(T:65Yo,R=l7.5To

A=17.5%o)

u1{ 4.418 0.504 il1R 4.480 0.509 lJlfl -1.00

l'tu1 4.560 0.479 !1nilqo 4.546 0.504 ulR?rqer 0.83

3. ffrlunail r v
(T=600/o,W=40%)

u1{ 4.425 0.504 IJlR 4.420 0.498 lJ'IR 0.37

14U',I 4.509 0.507 illnfiqn 4.427 0.5M !1R 1.00

4. firlsr{ail tlc

(T4lYo,C-39%)

l,J'l{ 4.400 0.49E il'ln 4.400 0.498 il1n 0.00

?{1r'l 4.305 0.479 lJ'ln 4.410 0.504 u1n -1.00

s. firlsilail ?c

(T-70%,C=309zo)

lJ1{ 4.462 0.507 llln 4.405 0.498 il1n 0.63

fiu'l 4.453 0.507 il1n 4.560 0.504 illnfiqa -1.36

s. il'firrc

(T:70%, C:30.o/o)

lJ1{ 4.4t0 0.498 il1n 4.486 0.507 uln -0.8 t

fiu'l 4.323 0.479 lJ1fl 4.250 0.430 u1fl 1.36
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':rnrf rluo'lnf RlRHrl?n s/ l7g

n 1 : 1 { fr 1 9 t l dsr : r ri i 1 dti r ul u n r :.i'n n : fi fi 1 #n I dn yl o n

A9
su9tlJo{Ft1 su'fl

flo{

:OU
,t

rflou

I

rilrrin
,t
H'l

(nirr)

rirldiirudril:-u

nrdnylon

rirldiirurirnir
9-co

u1ryR

rirlyl'flr

drr.ril
Atn:o{

vttcrRfll

(:trvr;

I

t?iln1
qrl
ts0'ru

v
yt.t

14Uft

(urvr)

rjirurru
Aot 9)
nL9t

(n:-ul

:lft1

(urvr)

rjirrnr
Aq ,)
vt t9t

(ru.')

:1n1

(urn)

t. luHau

T/RIL

T:7IVo

R+L:30o/o

{u
nsoo{

5 i.5 0.11 0.08 0.24 0.53 0.88

tfi
d
ito

'lnn

) 1.5 0.11 0.08 0.24 0.53 0.88

z. lere.rail

TIR/A

R:L1.SYo

A:L1.5%

du

nsoo.l

5 1.5 0.11 0.08 0.24 0.53 0.88

t?l{0

'lnn

5 1.5 0.11 0.08 0.24 0.s3 0.88

:. lur.rail

TlW

T:64%

w40%

rju

nso0{

5 1.5 0.11 0.08 0.24 0.53 0.88

4tfi{0
h.'tfln

5 1.5 0.l l 0.02 0.24 0.53 0.88
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u'orsl'nin ora-o ul ril sr a-urfi n n

I

rn.n. onn Tulaifi ru ur; aurndo nr:r{nurn in or nl) I l 7 g

n]:]sfi 19ru (eio)

a9yu9r10.til'l 5U9l

lto{

:OU
tl

rflou

v
u1?1Uf'l

9)
zu1.

(n:il)

eirldiirssirniu

n.rdndon

rirldiirurirrair.r
I

rirdn rirlylflr

rirril
A

tn:o.1
aycunr{'l

(urn)

l

:?:Jn'l
q9ll
tfl0'lu

v
yl{l

?11r9

(ulvr)

:J?lriu
Aq ttTtfl

(n:-u)

:1n1

(utvr)

rj?rrar
Aqvilta

(ru.')

:ln'l

(uvr;

a. l,sflail

TlC

T:6LVo

c49%

{u
nsoo{

5 1.5 0.11 0.08 0.24 0.53 0.88

4
ll4{0

'lsrn

5 1.5 0.11 0.08 0.24 0.53 0.88

s, luruau

TlC

T:70Yo

C=3OYo

rju

ngOO.t

) 1.5 0.11 0.08 0-24 0.53 0.88

t14
d
.q0

'lnn

5 1.5 0.11 0-08 0.24 0.53 0.88

e. Xt'tfr

TlC

T:7Oo/o

C-3AYo

{u
aso0{

5 1.5 0.1I 0.08 0.24 0.53 0.88

4
t?{{o
h
tnn

) 1.5 0.11 0.08 0.24 0.53 0.88

Hillutrq n-edn:rrirl{l* tenutflr{rilfl: fi : lryl :lnrru{dnrlon I fliil rvirril 0.07 ur?l
999tt9t

(lfleril:silrnr) dnrjrr.rdqornnr:dnd'aerrusdnrlon 6n r ai.r :rlrldrirfr'rililq 4 nfr
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r:n.rd 1u6unf R'tR9t1l?R S/ lEo

et I : 1 {l fi 2 0 zu o-n : r ri r t dii r u 1 u n r :,iin n : fi fi 1 dn a'u rf, u.: n : r u R' a.l

atl
sljSrlJ0{r.t't su-fl

lJO{

toe,
9

rflou

I
o

u1

14UR

I
H'I

(niru)

rirlddrurirniur:rdn eirldiirurirniu

ldrilr

I

t?un'1
qYr
tT0'lu
I

n{fiil91

(ilrn)

t6d
1l5lJ',lflrvl

qy
ts

(ru.')

:'lFt'l

llrn)

rj?rurarfr

1.r

-aSsJ
(R tn?nn-

f:Iml

:]n'l

(urvt)

t. lufleil

TIP./L

T10%

RtL:30%

{u
ngoo.t

5 0.04 0.t2 o.20 0.40 0.52

j
[?1{O

'lnn

5 0.04 0.t2 o20 0.40 0.52

z. luHal

T/R/A

R:17.5%

A:I7.5%o

{u
auoo{

) 0.04 0.t2' 0.20 0.40 0.52

4
l?,hlo

n
lnn

5 0.M 0.12 o.20 0.40 0.52

:. lunal

rnv

T:60a/o

w40%

{u
4300.1

5 0.04 o.t2 0.20 0.40 0.52

i
tfi{lO

llnn

5 0.04 0.12 0.20 0.40 0.52

+. lur.tail

TIC

T:6lo/o

C:39o/o

{u
ng00'1

5 0.04 0.r2 0.20 0.40 0.52

ai
[?4{O

n
lfla

5 0.04 0.12 0.20 0.40 Q52
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fEq'nin sra's !fl rin srn's!fr n a rx.!. 0xn Iu Ta6fi rr lr: alrnanr:rc-eru rn:-il slnr) / I g I

erlfl$fr 20r.t (eio)

o-sr:rRr:fiorirb{fir frnnrruil:srnvrrr (fisrsTrn'rqofrfiundr 5 uoil:1) nrfr4arilfiru

7 % Ioufi t kwh - z.oz 1J-tYl

gu'orosfit su9l

10{

:OU
I.4

tuou

It

u'l

l,tufl
I
fl'l

(nir)

rirt#drurirfiitrir.ffn rirl#iiru6ir?riu

lyhilr

a:?ltfl'l
q9r
tsolu
I

Yt{14lJO

(urvr;

t6d
U:lJ1BJYI

q9
tT

(rJ.t)

:lft1

(ulvt)

raj
u:lrlEUyl

q9t
ls

-6So/
(R tn?nn-

f:Iu.:)

:'tfil

(rrn;

s. lunan

Ttc

11lyo

C:30Yo

rju

acoo{

5 0.M 0.t2 0.20 0.44 0.52

4
[1.f {o

lna

5 0.04 0.12 0.20 0.40 0.52

e. il'fi

Ttc

T10o/o

C-3OYo

ilu{

asoo{

5 0.04 0.12 0.20 0.40 0.52

t?l
d
,rl o

'lnn

5 0.04 0.12, 0-20 0.40 0.52
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':rrwd rgudur{
R1R9t1t?R t / lE2

j
911:'t{fi 21Fl nanl:tilEuutfiuu:susttnrluni:dnffrrurunsrr{ :yfi,j.l{rr.rr:fnd:ui6nr:ld

p.r.:{nyl o n unsif; nr:ldnnaurfi u.: fi fi n.,ud ou

gu-nrorfft vy
NRUflIgFI'I

:srJsr'tarlunr:dn 1urfi )

ldr.r.:dnvlon ldnnjurfi urr"no.*;i-gu

t. firle,ruail T:rvL.

(T10o/o,R+L=30Yo)

u1{ 42 30

1,1lJ1 90 50

z. firlur.ral T/R/A

(T--65o/o,R=L7.5o/o

A:L7.SYo)

LJ'l{ 42 30

?,1u1 90 50

r. firluarau rnr

(T:60Vo,W4O%)

u1{ 42 30

fiu'l 90 50

+. frrluruat vc

(T-6Lo/o, C:39Yo)

lJ'l{ 42 30

14U1 90 50

s. firluruail tlc

(T10Yo,C:30%)

u1{ 42 30

?tu1 90 50

a. il'fi rrc

(T:70%o, C=30%)

u1.q 42 30

filJ1 90 50
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'r:n.:d rludurf
RlAHUln q/ lg4

Fl'l:'l{fi i2Fl rJ:cfirBnrntunt:dn#rsu'osirr 1 lun:fifirdouprdo'lnn rucofindaui6nr:t#

il1et5glullo{ JIS L 0844 unv JIS L 0848 'ld'drnuq:srir.t cruy scale d'sfi

0.000 - 2.499 : tlos, 2.s00. -3.4gg = :J'luna''t{, 3.500 - 4.499 : u'lf]

tuav 4.500 - 5.000 - rurndfln

tuoun?'luf,cot9l rJ:cfrmfrnrillu

nr:fin

@s)

frnd:unf;urfie,.r

t. firluflail TruvL

(T=70%o, R+L:30%)

z. firlunau TIR/A

(T :65Yo, R: I7 .SYo, A= 17 .5o/o)

9q
3. r{1tuHdlJ T/W

(T-60Yo,W40Yo)

q. illluaau'gc

(T=61%o,C:39%o)

s. ffrluararu trc

(T:70To,C4AVo)

e. il'fi'rrc

(T=70To,C:30Yo)
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uiE cl'n iil n a's ul rin ordow'n a rn,u. (rnnIuTn6fi ff tlrcarlnionrrrqlerurn:-nurnr) / I 85

ell:]{fi 23tl :J:sfivrfinrillunr:dnrirryu^srsir.r 1 tun:fifirdourr3o'lna rruaofindruif;n1:1#

nldnr{on (ryo)

69
su9l10{H'l

rsn1Jn?1ildso19 rJ:sd-vrfrnrn1u

nr:dn

@o)

9roq
r.rlf'rouYt'tfl1:ryfl dndeuHrdn?{on

t. ffrluFtail TIrvL

(T:70%, R+L=3O%o)

4.600 4.000 86.96%

z. rirle,Hail T/R/A

(T:65%o, R: L7 .5%o, A-L7 .5Yo)

4.600 4.000 86.96%

:. firluanru rnu

(T:60%o,W40o/o)

4.600 4.000 86.96%

e. firluanl tlc

(T=6lYo,C19%)

4.600 3.600 78.26%

s. ffrluant rrc

(T:7IYo, C:30%)

4.600 3.000 65.22%

e. il'fi'rrc

(TJ7avo,C:30Yo)

4.600 4.000 86.96%
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r:rrrf po'unf
nmflu?R ry/ tg6

elltl{fi 24r.t rJ:sfivrt'nlnlunr:dn#rsfinsir.: r lun:tfiiirdoue.luasoor rdodndauifinr:ld
iaAaA

na u tdu{ yt tJft ?'1il n d.lq

:v9tufi?1ildso1fi :J:sfrvm^nryrlu

nt:dn

(qr)

#trioufirnr:ry'n

r. pirluruar T/R/L

(T40o/o, R+L-307o)

z. #tluruail T/R/A

(T=65To, R=I7 .SYo, A: 17 .5To)

:. ffrlunal rrw

(T:60%o,W4Yo)

q. il'fluaaurrc

(T=610/o,C{g%)

s. firlunau vc

(T-70Yo,C=30To)

e. il'fitrc

(T:70Vo,C=30Yo)
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nh,ir'n in urn'o rlfl rin srdsrlz'n a

I

rl.l.6naTula6fi wrr;arrn"onr:nierurn:-nurnr)/lg7

el'l:]{Ifi 25zu rJ:sfivrinrnlunrvfnfirryu'srsir 1 lun:tfifrrdou{uaroor urdofind:uif;nr:ld

andnylon

-9'su9flo.{r.r1

:squn?]ildso19l rJ:sfrvm^nrnlu

nr:dn

-(ryo)

9rou
iltn0uynn'l:crn ry-nd'luzu.rdnylon

t. #rlur.ral T:NL

(T10o/o, R+L=30%)

4.60A 4.000 87.00o/o

z. frrlunail T/R/A

(T4 5o/o, R=Il .SYo, A: 17 .5o/o)

4.600 4.400 95.65%

r. ffrlue{ail t/w

(T:600/o,W40o/o)

4.600 4.400 95.65%

a. pirlunau tlc

(T-6tYqC=39Yo)

4.600 4.000 87.00%

s. frrlunail ?c

(T-70%,C:30Yo)

4.600 3.400 73.91%

a. hdIrc

(T:70Yo,C:30Yo)

4.600 4.000 87.00Yo
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rrnrf rluo'unf Rlnflu?n ry/ lg8

erl :r{ fr 2 6ru n r : ril5 uurfi uu il :vfi n r'n mror rXrfi drnr :frn tu n:fi fi rdo uprto'ln n

: c il d r r n r : dn pia u i6 1 #n aiu r fi u { fi fi n r r, 6 q.r fr:: ffi 1 #n r fin d o n

69
fluaflo{ru'l

rJ:sfivrfrnryrlunr:dn

p.ranr:r:JEe,tl

rfiuu

stt44
sfla?uflauldu{

es

dndeuH{dndon

eo

t. firls,lail TIruL

(T=7lYo, R+L-30%)

100.00% 86-960/o rls)4o

z. il"rlunau T/R/A

(T =65Yo, R:I7 .s%o, A-17 .5To)

100.00% 86.e6% 4s)4o

r. frrluflart t M

(T-600/o,W:40o/o)

86.960/o 86.960/o 4s-4o

a. rtrlsflail ?c

(T:6LVo,C;39%)

100.00% 78.260/o 4s>.4o

s. firlurral vc

(T=70Yo,C=30%o)

65.22% 65.22% 4s:4o

e. fll,fr,rtc

(T:70a/o, C=3Ao/o)

99.34% 86.96% 4s)4o
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rinrfrnin0rdu ufllirora"suu'na ?fl.Ir. 6vrnluTnifiprursnlrnionrrfiaurniilurnr) I IE9

ttY

eIl s r {r fi 2 7 zu n i : ril3 u r rfi er il il : s d'r r-n r vnr o r rtr fi d l n r : dn 1 u n : fi fi rdo u {u a v o o r

: c n'i r { n 1 : fin 6': ui6 l#n fr u rfr u.: fi fi n : r r 6 qr riui6 ldr.* dn vl o n

A9
su9rfl0{fl1

rJ:sfrvrfrnryrlunr:dn

p.rnnr:riliur.J

rfiu:L

v9.io
rynol?uflnurflu{

Ts

dn6":ur.r.:dnylon

4o

t. ffrluHal T/R/L

(T:70o/o, R+L-30%)

95.6s% 87.00% 4s)4o

z. firluHaru TIR/A

(T -65%o, R: 17 -SYo, A:L1 .5%)

95.65% 9s.65% 1s:To

s. ffrlunail vw

(T-600/0,W40%)

86.96% 95.65% 4s14o

+. iltlunnurrc

(T:6L%o,C=39To)

95.6s% 87.00% rlslr1o

s- fiilunail vc

(T:7OYo,C:30Yo)

73.9roA 73.9|o/o 4s-4o

a. il'fi.rrc

(T=70Vo,C:30%)

99.35o/o 87.00o/o 4s)4o
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rJ:rififfiflo I reo
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fiin Seun:c?::f{ il:yryrqlyru

a nr rTu rm n Ju Indn : v o o u rn dl n : s u n : rfi fi o, u.Ft. zs rB -2520
J^,^

n q m dn i q n d I fi n : : il fil *r'or (c r r r ie? n : : il In :4 o {h n )

ilfl rivr u r n'uil fl^g a n w.?t. 2s3g -2s 42

ifl u r er afl : il r.r r riar fi sl

(artrisrrmn Iu In0fi ntu',rau,door:nYoru rniwsrn:)

4 u dfu 6rqu n r: drimsru^nu f,i il aeu

rJ:ydrfl urj:yilr0l 2541 0lnn:ruorfi .rdnur

n:vvr::sfinsrf;nr:

e{ r rn4rjsua v uu', rrdri'r u',urlloqrYu

u.?t. zsz4- ilolriu
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