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Abstract

One of tbe most corqmon physicat evidences frequeffly occuring at tbe crime scene Lq

larem fingerprinr. In many cases, there are quertionr pre$enx as whether the rdentified larent

prinB collected at the crime Bcene are evideoce from the commigsion of crime or are ftom

before or after of fre crime.

The objective of &is thesis was to surdy the studying the duration for determination of

larent fmgeqprint by usrng powder method. I-atflt fmgergrints used in the snrdy were collected

from fifty individral subjects who were office persomel md workers. The subjects had to not

wa$ or clem &eir bruds not lss,s than an hour before collecting fre sanples, imprinting the

lareot fmgelprinrs. .The sornples were collected finger by finger of both hsnds lsgpectively on

he labeted tmsparent btasses. After the first collection, the subjects were left abour half an

hour for &eir oormal activities, and then &e second collections of latent fingerprints were

performed by using new tansparentglasses to compare wift those. collected ftom &e previous

time in pair classified as one set of eamples. One of each sample se.t was placed io controUed

temp€ramre roos, 25 degee celcius, eigbt hours a day and the other one was piaced in

mcontrolled room (room tEmpemure). Eac.h person imprinted about tqrelve sets of latent

fingerprints. The prccess of developing latent fmgerprint *", ioou by dusting and lifting

method.

G
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Each set of sarnples were dusted and lifted at nme of 1 day. 3 days, 5 davs, 7 days.

10 days, 15 days, 20 days. 30 days, 45 days. 60 days, 75 days and 90 days, or stopped ttre

processing when the developed prints could not be re-ad ten points of m.inutiae of every finger.

The compaired snrdy was performed as same as rhe above method by using ahtminruu

plates instead of transparent glasses.

The resrlts of fre snrdy revealed tbat :

i. There rvas significanr difference in the persisteqce of leient l-ingerprrnts, from each

rype of fingea on ranspareil giasses berween in connoiled rcmperanue room and unconuolled

room (p<0.05). but it is no significantly dilferent in right ring finger. right little finger and left

ring finger for aluminirm plate (p>.05).

l. Tliere was significant difference between the persistence of latent finge.qprints from

every finger, both in shimiaftlp plates and transpareff glasses. in eacir finger of an individual

whether in controlled temperanrre room or rmcontrolled room (p<0.05).

3. There was significant difference bets'een the longest time of lstent fmge{prints

from every subject on botb atuminium plates and transpsreat glasses, whether ir conroled

temperanrre room qr uncontrolled room (pco.05).

4. There was significa$ differenc€ betwe€,r he prsistenco of latent fingerprints from

every finger, on transparent glasses, in both sex whefrer in controlled temperature room or

uncontrolled room (p<0.05), but it is only significmtly different beFveen sex in rmcontrolled

room for aluminfum plare.

' 5. There was no significant difference betwe€n the persistence of l,atent fingerprints

ftom every fmg*, on both aluminium plates and trmsparent glasses, in various ages (p>0.05).

6. There was oo significa$ difference between the persistenc€ of latent fingerprints

from every finger on aluminium pliates whether in controlled temperahr€ room or uncontrolled

room (p>0.05) in various ctreent. but it is signiftcantly different for transparent glasses

(p<0.0s).

t
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L2 nnlluanrmrnjisurfi sutstf sr?nlurudquda'tlr:nn:n tfilnludrfo

urkuuo qfirflourriud:oEn{uo gfirilsu :sfi dr.rorf,ndffiu:llrufiotl

unaorf,ndl#unuuunlufa'rdhintrquqoru4f 6e

13 n:rr{uanrnunlii0uffioil:ctlsrxnlurudq"darur:nnrrttfilnrudriio

unl luuo qfrfl surreiudrsn{uo gf ifl srl rcrl itn ud fi orqr?oo ndr

x flfi:rnudiorqnirfiuuforrnndr x fl 1ur?o.rdn:uqlqonrqf 7L

L4 n:rr{uenqnr:nJisurfisu:ct srlntilrudqudelur:ocn?ttfiilnrsdrfio

uilruuoqfirfisuuriud:tntdluo qiirflorl :su'irlnudfi orqfiosn'ir x fl
fiunudfiorqnirfiuriorrnnjr x iJ lur?o.tdltinruquqartqfr 73

29

6t

63

r
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I

artria;grl 1eiol

ls n:rvluanrnrrnllsutfisutcuct?n1uludqudalurrnn:rntfiuulud.Su

rul'ruuo gf rfl s il r$iudron I nlu o q fi rfi u u o, o I fi lrci n ssfi n

:sndr.r rfordnruqu qoruqfr dur?ord ltiu.uqu qorrqfr

t6 n:rrlucncnr:nJiuurfitil:stsr?nluludqrdulurronnotfiuartdrfo

urlquun:stndronldludr rsildrtr?oldnruqlqorn4fr

fiurl'o.r d hin:uql qar rqfr

L7 n:rr'luanqnrruJiuurfisutssst?nluludq"darur:nn:rilfiunrsdrfio

mhuunsctndaunldudr :sudrltnarrotta rtnaufrl

lurl'ordnruquqarnrtrS

rE n:rr,luanrnr:njisuffiuiltssrtantuludqude',r,r:nn:rttfiunrofirfio

urkuun:vtndrun$ludr :srdrltlanuua;tnat$l

tur{0.rfi b;nr:rqu qorr4fi

tg nnr{uamnr:nJisutfiuu:cutt2nlutudq"dalrr:nnr:ufiuursdlfo

unlwurnaondrondludr rcu'irlo'tindl#tnotrudos

un co6ildldu:wrurrn'lur{ordnruqu qorr4S

20 n:rr'lucm nunJisudsutstlst?n1uludqndarur:on::ttfiuurudriio

unl w u n: m ndrunr *ludr : s n drl o rf, n d 1#rr:.r.rr u fio o

uncodndl#u:wruutnlurfladlrinzuquqoru40 ss

zr nrrrlrmmnr:nliuutfiuiltsCIst?a1uludqoda',urronrzufiunrudriio

urkuunsctnd:onr*luft rcrr irlnudiorqrlounjr x fl
fiunudflsrqnirfiurlournnir zs fl ludordnruqrqornqfr E7

2J n:rr{uamnr:nJiuilffi0il:ttst?nlurrrdqndarlunctrrtrfiuarodliio

urkuun:stndaur.r.rdludr :cildNnudioqfioondr x fl
fiunudflorqnirfirtnfolrnndr x il lu#oldltiuauquqoru4fr te

23 nrrr{rnmnr:r:Jluuffisiltc0ct?n1ulr,dqudelur:on:mrfiunrudrfio

unl wurnnndrtlnr'rdludr I o.r drrrin ctfin r cfi dN #o ldu.uqu

qorrr;iifiur{ordl.inruquqant4fr el
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A

UilN 1

o

UYIUl

n?rildf uil'ruGa?rurhffqtodlqur

t und arrqrnr:ucirr r d ld"nudu norun n-nglud oli'qrlrrrn n do dr fntsn::r
nuluaarudrfinntq 6o nrufiriiorph driqouirlunr:f,qrriqnnn rnrraflnerruduoulu

nr:f,qtriqnnudowrsnrirrlltlumd 2 Insngrdun nr:dwldrrdrnrudziiow,kdu

fltpiulffinr: r{otulnnfinunciinulrri t rCorfiudnsnrnlunr:snrorfiuarsdrfourkd

arrpaidqnrridrcilrld uonmndudenr:neuqrflorfiulribfilnrldrlrJrfrnunCIlunn-n

gruluaarudrfinntq niu m:hJdrnianforfrnroarudrfourlrludrfinruq'lnuhirtnur 6r

,fl uds d ar6'q 6 nil: ynr: r u{r

rdo ldrfi ur osn rudrf o rul cudr nr:dlfi u nr:dusi s 1il60 nr:drnrud:fi or$k du u r

o:mnllu:lfi0udrn:rriunrsfi'lfiirforor{do.ra{d0nu1n rn?oal:rngnnoonrrdr nrtl

ii'rf oud'rdrfilldarrl:oif,nnuaur:nnliourfiouldcnrfruaruf;'ufdriiotor{dorardu

rucifi&ldaru'rrndora1rJl61urfi'ufidrqnnndrncirrriuriluorrqrnrdldriornq'lundriul dr

ldrJ:rngnrqnr:shirlundn-nnindn6nul lfiinr:srrronufiflnrsiirilsurlqJ:rn6luinq

"uonu*Srn 
dr rdo rtrurfi uu fiurf,dor arduil:rnqnr n dlfl unrudef or orn u 1 rdorfiu uei

dhu{dowrduntirrdtdr nurfluqnnndflr,rrhddncdorrfilsonluanudrfinruqur'rrfu nro

dafodn::rnrrflutomuriureirflu:oudnuldeluplariurornulodudrdu16oududr 6r

riluilqnrdirrflulrJldniohid:osnrsdrf oocarur:odnoqjdinqtornnrrrfulduruo'r

16ou

druruqdnruifiilorrkludrfinurqrflud.rd*l1t{rfinnrrrrtt0rruld.iro u?Inorr:rr

mdro.rdrrTumqfluouur.r ftrfuluqnduoouhiirwrilunrn:xt?rlrounrsdriisrpk nr:

flndu:ounrsii':ilourhdnulnonsrsrudnsrhlrfiJ:rng:oofnroudqn tiolfllonradocrfr

1#lfinneruflsilrsfiunrsd:founl.rriu r ld' n',rdorcruffiansrufiuldErnfi6rhirflNdu

fiiqrJnraidffi rrid{dufiilil:saunr:oi, m:6nu1n1i, nmreult, nru{nnrdrurquw

3

I
rr nr : o uft o v$d*rn r?rdsrrnrfi unrudriio rpl r
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Q

lun r n q u fi nrudrf o urk ovn r aqjnn on hJ u n-o olnd ld,fi a: osilr ;riud fiufi rinq

riu r udlunrulfirifiudrulqruourd.fsudrosf,ol:ot1t1fitct r,.nrdalnl:nn:rotfrilnrs

drf ourtd fl nnuauq:oilrnn sdwilrrrl#lunr:f,qtriqnn a

i {rdormq n nroriuldnsrsrrdogrlrfl unrduu ftrtsusnn'rn 0rnrodrf surld& o{

luanrndalrfiown:2ilfiudroiirnfi uloiinrdu *Ut6dnursruurrhnoudrnrudr

foudldrJ:rnnrfuioqurunir'ln tdu co**, 19?4 Johnso!, 19?2; Moenseols, 19?1 ld
.yct r . t ia r J------44,-' 9--4-.-!- a

uflR{ r?fr?ruarqarr4firuru.lo#.tiHncbnrufrriiouCr ftrrroftdrnzndoufinncionrufiz

iiorrdrrfuro{ Myerr : L974 t*{t*,fiul1dR1Tr1rt:tl1fl1fl (Ahosphoric condirion) lol&

ilr cn-u n ru fi r f o fi n u rurhn'q uu noln dlffi {r#:mqd iil:caunr:si'lunr:n:rilfi un ru

drfsuilrurulu 6 fl nrirdrnrsdriisrukdfinurdudnuf;nrinradtunrgd.fodldrj:sfr'u

lfilo rqrJ:;!1sr 3€ iurio udwrf rnr:rfildrs,irl nrsd.iiorrFhdu

nlrdfid1unroo{, nsoo{rir, ltn'ulrJrol#ulod.iiourhriu 1 uioanrnnffit:ltt
c 6 dr ) ) ' r
'lurt?r, arfi rJ:rngnrufiriiourlrriu dzuudfi n ndo olqn o{nruu^tiiotdl

n n durdourro.rnnrr,#0umJort or dufi':inqd n ru drf o r$l I rfurJ:rn goqi niu rfin

nr:r:rdrtiusonfttu (oridatim), tfinnr::stro @vaporatim), tfinnrrqndl leurotptioo;,
1 e -'- -r { in:rnr:njdgurnjnuflrirdfiilnrunsddrtgrfinnjumlqndufiutt?fzltlmq (Adsorption) !il{t

ldrirnio#r 6rio hifidufiu6nf;nntorqatu4fiunto.rrfi 
"iurdudu 

uer, dutniit ot
v3

anrRuratloltlu cl ( Scos WR : 1951 )

p-D -gmnsr ffi c R .A, .B€rg€r (rtt 7 i ?Ag -?.fl| ldrhnr:n n o o sCs f, n u 16.1 6n f; n nt o I
* A t . o I -^--S-.---.-{-4-..^,^qoril Brlun snrrrsuionlun uf,nt or nrufiriisruh Jnsrlrnr:n:tuilunrufr riiouCldtt ii

nufl ndlu @usting technriquos)

lum:ilnurof.rdrCutt{n:rudlrr morqorrlqfiunru.luduj,tin ndonrun{n ut 0{

arud?fioud{ ( pornnoncy of larent rmeeryriffi 1 otirll: ldrhnr:rfiudtodrlnrodz

fioruft 
s 

to ii', rrnaudruru#.tdo rz ail rj:;ri'unwuuriualni rfiulflunrntdfn

f,n'lnsrreincnrtruawfl nltnuqlqoluqihmrnnt*rdunnirldu qouq0dlflunr:

nJtsurfiuilfio go c mg 20 c' dzuo.,roduriortrtunl{rirqn 32 % RH $na{{{n 93fo

RH rhr.f un:c0gt:ar'lunr:ntrufiudrstirqd?CIn$[u6'rd6o o !u. , 1 iu , t iu ,zt iu ,

t ssiu,+9iu
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ornrfu'lr{nsuuuu',sdrfiourkdrfiuld lnsrdlrilu s :cdu tfiflncuuutrirriu r

uamdrfi qornrnddqn unriqomrndrqntfrldncuuutdrfiu s'lunr:1#nsuuu0c

frrr:srorn

1 t 1 drurunnn-nuotrrfrriqfrrauderur:otfruld

( z ) rJirurort o *ludrnrc6nriunrurdutar;d& o{uuudua lnd Inulfi'rfi il fird

nuritud}fnsuuu nnnr:1#nsuuuolo1;uourioaowuirlrifiolumnsinodxfiriudrriq

nra66 ( p > 0.1 1 ornnr:iflnxrflu1tof,flldd'ld

1. fintruunndtotitflriudrdqnrwfifi ( P< 0.1 I :rudrl$odacornfrufrod

anilrn

2. lriflnrrlunncimodnflftdrdqnrlafifi ( P > 0.0s ) :cu'irliiodenrJ:nfiu

iiu driluutitriu ( lnum:rorfisflrudur?rnrnuiordunurCo'lti'irirtiunrndu I

3. do.',uduqofintuunncitotirrflrftrrtm-qnrla66 ( P < 0.1 ) r,o{qsn1nnru
i^ | e , ia rdq --e.- e------C-^^^--,^-d^.g----^-^-^--.i.4^
il?ilouC{ lnunuirnruu'2il0u}l{tiri0q 49 2U ttUcfRlnilta2n{n?llUotnuuniln1uu2uo

urhd ri.rn griru nrntrcriuuln ri t
4. du.'trdud,biflntlunncitodNifuddqnrlc66 ( P > 0.0s ) xo{qomrl

r o l n rs dr iio rd l d ilnrfi un-uil n 6'l rn:rj: ;n'u l rlr ri "l rfi uuriu nr:fl arfi urdo o rq ld ag iu

s. dqantrtrfrunncirfiu nuirhifiarl!$nneit0thrfiriotfrn'qflNd66 ( P > 0.1 )
ia

xo{qom lfi nruii'riisudl

omnanlrilnnoruear}{rfi udr nr:rJurdsutlnnruuonun;nr:1il1"uuqnulud.

iisr&lqdsilflufloftdcrrr'qduudr unsoadldornnrritnurufod,flutnirf,Nuanshilfiu

ft uurlfiidrfl ublldln,rd lri,rrlrrodorrrquqn u. utd.Soud I ld

ft rfuinur fi n uf sriud ft ldu6uunfl q rrrt'rorfiu,Cu unnudud otnltrucnnl

urudqndosdluuo ntrnrfi uulud.iisurll#:sFtl{ulrtfl un-r{olunuift,nf{ d

uadau
mqiltUgtlfitorlolt?w

r.,Cudornltsusr?n1u',udq"da'tlr:on:mrfiunrsdrfiourlluuinqdT onrl{u

z. rCoflnurdrdnfnnrordcurndor niu qarnqi ilnndsnrrrn{fl uto{nluifrfio

urlrurnfiourfiu{ln

F

I
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3. rCs&fn:rudrnrru unncit I o.! rns orq o rf, n t o *f,rfl urdrt ol nrudrfi o url locfi

fi ncisnflln{nun0{nruiirfourll nio hi

4. rdoul#n:ruftr?o{rfincit't lunr:dwm:ff tl2alurudqnluntrrfi,u',0d.

iio rph d:sn dlulfini uo un r bJ

5. rCsiilnurdrrornargrdn$Jrynroginndontrn{ru{o{nludriior&krrnfos

rfluqln

{oilrunto{nr:ffi us{o,irfrnlunr:iffs

nr:ift,air drcdrnrnfi un rud:iia r&lrt o r o rarafn:rron{l {rueu s0 ff u drnr:

riudrotitlaolu"l#nzrlrirwrflu (Nm-prrobability sampting) rflunr:rfiondrotirmrudruzu

rlnun (euotn smpling) ndrofiu sfttified sampling dq1#lun:'6ildrJrttnn:ddolnr:iilnur

il:snord:uco.tufounton.ndu"ndr.tdulua-nsoudeult 1 qut6 fi1ilfiou ?539 :3 )

lrtorarcl-n:rhnrnlssriunrodriiouduir 10 ti. ruinq'uolnat z tfio 6o

Rrsinrrarogfiflou mqnndriilonldn:cmrwoq$rfluurfluf:stfuinqx0{RnN tn:rgir

riluinqdrimsnrttnuldrioonirlucorudrfi atnq lngrsmrnictn lddrordunt ton

rfrsiNururndn n:nn{rdodr lfrsrndsud{, n:rtnto unrdu 1 riruogfrriltllrintruu

ludssnurdro anrorauifio rdu rrrursrfl r?rcin dr rinwiit ulfildroo qfrrfl su rfl udu

drrfiorararTn:lddardannkdulnu druzu 25 nu tr$l x nu laornhnsil

ortnoonrfluaorn{r 6o ntil{d1#u:rrrufiooniu lndm: nfnlrurhfnlru nfnlru

iumu rinilnur drunciudaouilunrir{dldrnsruum niu dH, r{odt udrh, u't{tlu'tlr'ln

riludu nrilorenrrinrtld,6uorlunudffintin{ufiuduurnqn#fi wdothnr:rJrsrftlnru

driio uek nruun:srnlen un nl:aur", ofo un ;ilrariual'[uwiuo qfrrfl sta unnJ:surol

to o$o lnswd0rdil:;wlurmj:sfid:cu'rurnd.rhlul drlfidosunxur?aruo{ 01d1

arln:rio urfu urn rrryrn6 nrhgnffi rdr fr6o qnnnlnorf, lrJhinftdtct#nrrrli:riiolu

nr:rj:;riunrodrfouek drunturcu?{unctR:{ndrdrnrodrihtolstuormuqnrtrlrll#1u

n,r od hH rf r}Tdor a iurunrqn n ltlq nn u nTrltdr drrfl un uffn rin{un ?o rfl uqrfifiuwdr

'l#.irsgio nr:s?uroun glriiinru urlff:su2{r,.r rior6uloeasnoilunr:il:cfiunroii.iiu

urk lnu{rhifisarrr:orfl tfrudrodNtdlntrecu.niiodu

a

I
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nr:dr6on1#nldu'lunr:f nrlu{.d tn:rc'irdlud fioltoq{rn tinlru'lunr:ldn $u
rdonnufruarodriiourkluaorudrfiarrq #roruqdiin'ttiitfluiinr:bi{rorn idusrou

1unrnJfrr36dro acnrnun;:rnrir uncfi :rnrldunrtin nldludfiouldurnfio erldudr

'tunr:ift,dinr:ldlr{u z tfiado nlrludr €ingerpritr Powder Ps24A) rrarillrlu

oqfirilol Ging€rprint powder ps2?A) d.trr6n1urJ:rffif,d{u rnf.rdtfifluurJrllun:g:on

d fl 6nornrJ:r,na{i1uniurfiurfiu riruiinrrfl n{urColt{rlrlnqu',od.fioudrwrhnrur dn

nr:rfiudrotjlou*d.fud:un*lu lnglfinjrurewfiun*lulurjirrsrdr?ou 1 flnnirr 1 'lu

dnsilcrflutnauCsl#rJ:rnq:oo dfiarur:ne'rrnqrfiuarordufilfldruJ:lilnh?aonndol

tiufisnrw or nuduludrriu f niu tfrrilufiun osfi fl nludnuss2{ nn ! rfl udu

drrfu:cgcnnrlunr:rfiudrotirnrsiiriisrphiitsrni$fluscust2n't t iu, 3 iu,

s iu, t iu, to iu, t5 5u, zo iu, go ilu, qs iu, oo iu, z5 iu uac go iu 'lnuwrd{rfiu

lfludodhinuuqlqoruqii lqontqfir{oulnfil fiuffsdnruquqsrqfrd zs" c iuns

e *rll|q rhnr:dudrsdrcr1u:grj;nnrdrndr20unsumudtl1truo uionqnrfiusi:odrl

rdoil:rnnd'rnrsd.iioudrdnonrfiuduultiuhiarrr:ndru1n6'nuaudrdqfrrauldn:uro
a

nnqnu?

rnrjkdffilunr:norufiudrotirrrflunfionmiltsr 3 M tumilrhn{n g/a iirft 1

dr rpirdo.rtrndrefionrnrJ g M drrsnrurYornnmhilddrnr:r?zumilunru::1lucnig rlr

lrtllilqrafiarosrirufluuluuxrirutoudsrnrl o-utdslnrnnr:$rutnrJallunf,uhild

uengrutfl or n o dl win n cio nr:drun rtlrdurlrl 16 nrlos

luri rut or n:;nrurhniufinnrudriioue,ktgdolttio ntltoqnr;nrudogtftt?tfin

n.rr u unnc,iu dudr s*ndludffilunr:fl nfi unrsiirflsuft nr:f, nurnfi dldtdu nntsnrsfl

ir'r?rulnulcrrrllu a+ iqanrnlridrndr E0 $nt! 1#rflun:snrsdrniufianrsii:fiortdld

l#l*luCr rmaldnwnrudrnrriu{uln u !ilu. x 20 !ru. rhuilnloq$rfisu

nrsrnland'tfiilunrstnillurndnfi rfrcirfl r urn n ii', * rn d, druuriuo qfirfl uu

riluuriufi"uEoudru fln-nuEglTnrltsln drnfutfiJ:snouttoltt{fircirlurumdn'ln0tnn'lc

1il'1#?rftdfldrun{rtu,u , d. * ru d. rflurhudffi:Jssfi'uarudziiorulr

doudwtrnrril:cfi:rnrud.f u uouun:ctnfi fo s qfirfiolfl rCo ultft d

r. {$rtrnurJ:cfunsdorfl tilfiodhiu#rnufinrJnfi

z. riounurJ:crfurvdo r lririrunr:dr f sdruarjrrrio uodrq fios I *rlul

;

I
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n"rn:gonlauanrduogfiflsr tsdounirrfl unrrlotCurrr".n'lun, :dtsnrmtfiunrs

ifa f o ur,h'lnsrnn rc n ru iiziio ud r drfi u l{rfl un n 1ulu "l rds drnr:ilnd:onr*lu nrnur o sd

01{u1n nrrihouromr:trfludor r rlrl#.irseionr:drtnqnrCtrril{t ort:otf drsldfin

rnrJla n c lil l#cnrelnrnirddor nr:

il fiqrrnlddrn'un:mrfiunrsdriior&knru:;sc,.ard ldrlrtrunlfirduudr h{rtr

arudriiourl.dldrror.ogdrii'rlnrhda'un:ntiru1n6'nuardrn'qfirculdn:u ro p finr
A r dr {a r d<l r ,.rh a , t9 | .dq df-l- - -tfr'sirrilunroilriiordrdfirJ:g'tsud1#lunr:f,qtriqnnnld rf:uiirhdldeur:ooruln

dnuorrdrfrqfrrau ldmu 10 m dsdrlfiJrslomilunr:frqtriqnn nhild Insthnr:m

riufinnndrrilunruf,rdiizforomula, isrinoslr, n?1!qir, orq, rirnrinnirl:, rnan$l

uiolns rfludrothdduluanrnr{o$finln ornrfuriuitnnrndldn'rlu Disketre rCsilrlrj

irnnrfdoqnntdfid laul#ltJ:un:rdrr$qrJ sPss/Pc* ve,r 4.01 (statistical Pac.kago fu

ths Social Sciences/?ersoml cmputer rnu) rlrnr:itn:w#nrusrfiuuiinrlnfi6nrldunou

rCs ilnsrnaruunnsinir d

R. trwr?0ruludq"darur:nfian'nuorrdrn'qf,rasntil t0 ln tolt$ins

ii', Au dzrizruiiion..r ii.*,.l d.nul.n.l d.u..n., drrluonrr drrirurifo#lo ii.##,ru

d?nnrrdru d.ulodlu iirfios&o Inulfriilnd:unrdu

tu. tnf,, otf,n, orq irfidnfnncisrcusr.nrurudqudalultu{1ndngfla

drdqfrrarmu 10 plnolffiiflnd:urH{uuiohi lurirurororqtarunrflu z nriu 6o

nrirdfiorqr?ounir x fl unvnrirdiorqulnn i'r ts fl rdsmrnitnrunqnnrlo?qrfiuln

rduulq x fl Inorsdu

n. anmr{srdlrinzuquqoruqfr lqorrq0r{ouJnfil fiur?ordnruqr

qnrrq0d esoc ilnnd0:socnnlu',udquda',ur:ofinn'nuar;drn'qf,rauntu 10 1n lnslf
iiflnd:onrd[u

1#a66lunmtrnsrs?iftd

1. wilcoxon Maroh-pairo signoa-ranto rost 1#fiur?oXudlti6at;risn'u (two rolatod

samples)

2. M'm-Wbirrey U - Wilcoxon Rmk $rm W Test 1#fiu{oqndrfluda:rdofiu

(two independent smples) ( mfi?i finoqi 2539:L )

+

I
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irn:rniff :rduriodrtiqo.os fourgrhnr:nnaoudonnnqd0ldutoulo Xnrlnnql

d o c d r il ri rn : r s d ri r rnd u d r fi n r: un n uo r uruil n6 t s.rd'rurj:crrrl ni o 1 ri 1nu1#46fi

Kolmogonov-Smirnov Test

rJ:r,lsmifi arsrhog'ldfi r

1. rfrldn:rujrriluhJldr.riohidtcrc{:vrrsnn'ru',udquda',ur:ncE:trfiunrsfir

iio ffl q lddrurH rlun.r bJotit uduo u

z. rtrtri'n:rudrdrurJrcix r niu anrnqorrq$rf,ot lfintorierqnulu tfifl o'ttl

orf,n fldnf;nado:strct:nrulrrdq"ddlrluon:?orfiunrudrforo.l{dronlrluuiohi

3. r,udldoruanrtfi'rfi udrinluunneil{tt o{:;ost?uldt',udqndarounn:rotfiu

n rs dr iio r&l.r drun.r rlut o. rni u, d.oso ro iir u io hi

4. :hshi'rfiunrnnluciordoonuonl:rjduuuilnrorornr,firiioudrdfi:sssr?n1n't:

dud:odrlun-nuardciu,duro,oulnnnnurds:riu drinr:nJdsurnJa.rurnfiourf,slln

s. rhoariuerlul#nrinrtud0rJfl ?uungrfiifi drdn:rocnrudffintnq cr:ct{fndt

nrrudrfiq'lunlrn:rsrllnrodrfor$kluanrudrfin drfinludrn'qun;rilurJ:vlurrieiolrJ

ndodnun

o.rfluuuenruhhlqinr:rlriftrrdou,rror,.u,duludqudalur:nn:anrfiunrudriio

ur.lruut oqnarrrjrvrnn du'l

t
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i

Ia.
ilfm 2

ad y
?l:StR:f lfl|lfE2.llo{

I q a l3 at
rJ rc5fr au fr uri fr zuolura''n il:s ms

ja . dnnrldr a a v
r00nrrfr2ii0x0{rlqu6:rfildl#rflum3olEuduqnnaurueililt1flnlnud? n't!

rJ:cififlmer{nudr luarir,fl{{ Babyton riouqnrnra rs00 fl mz s'morian {dlldrJ:rduf
o'nurtrilduldlaununneiidns:nruudurfl fim lueu-on:stdr Hummurapi rio uqltmn

1400 fl n{{ Babylon niqirriarurn nrrdrtruluarftrtiudodrtcairfiudi mnriioudrhJ
c 4 A 4 a o cr .r . 9 i dl a - 1- -.1- tt- .-- ^^-5-6- -l-,t-A. ..-
u{onruoimul rnurnrijuiiuriodrudon inrr6uuondoriodr unsnadrfio ilr;drnuuo

uemdr rr? Babylon luariurfu drfirflunnrnir aooo fluudr 1#ldnruii:iioflotfrunr:

ilnouurJnr uiol#rfl urndo$uf,uunarflundnJruiurolir fillnldurornqnanln

ntdruniuoon 'lurJ:ctnfliu arftrueiufiuft gnmg D5r'asty) :;rdrl 68-906 fl

rio unisdnrnfi ldffinl#ndi:iiorfl urndorduduqnn n udrniufiu ueilri{nrr6unfnlu

erTgdu ldrnil:ounrudriis oontflueorilr;nm 6o durog uag fogflrru

Dr. Mecordry l#uomlflurnrirda Americao Jounsl fl rss6 dr c"t* dlfloqiuld
s 4 Ar dr I v { 4 dnt4 ---,9,..---------4-^-----4--,'-- e-. A
furfiu:fi'ir rilur[nuunrfn:suunrufrriio fildf,nurnr:frnwr.rutol6ut1fi*rq f,usurlu

2506: t9 )

sir winism Jmoe Herschel ldfuundsldrrfluqnnnu:ndldrt',nr:fiurinrud?

fioul# lufl rEsE n"rdfurrtnr:oqjlurhcrnsdudt tdownrH:rsnr:ilrgeu

flqr,rrludrurirurturltnfir drurq o',nnrsdflnr:qoinlnoiuriuhJududoun6'uufu

6nngondo laudrrriJu6nnurd.r dum,n loannrrirdunrsaufi dorfl iloufiuunctfi su

rrhf o hild uuno'rndu'nusslunfirr ornunciuoo nfi qnd, uniill fiu hiarurrnuuno o n

ornn'uld roa{rrn 6rldrlnnudiurturJrurqhJn&f,rr{nruiiriio 2 ii. l{dbrait
eAeaetilnil$ncuqffiruro r'lrh{rc{unr:dalnlnl1d roo{tem ldaruii':iioniudtuftfl

n.f,. 18?? doonunr.ulriuolnn,rf,tr:otrnrodziiotu.qnnnirllunws.rnurolfildnu

nfrn e il:snr: 6o
ja I r! 4 etl. nruiiriistolueinrqanahirniioufru

2. nudrfoor urqnna'lrifi nr:nJdouffiJal

t
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t

reofirn i{riuna-nuscrotarudriioir papilary lines uns1#n-ncotrnuoul0d.
-a

iio u o n'l6drrilu a r,firfr o r o rln:
lufl 1880 uruunnd Henry Faulds n:afian dlrfluorm:tlrrsurinilnur

unnrilulnrfiur lddrrnqrfiudrnrfrrlul#f,!r{nrsfir?i'rudfo lunr:rlrdqqrriluntl

rJrcfu unslunrrnrnrudofuna?rurCI Faulds ftldilnuruncfiIonraf,qnrinrudrfotol

nufi uriunroiilfiod o{ludrfinrnq 6uitunuu:odffiulud.iiod:ulunr:6uarun6orqr

lufl 1as2 isrnr m:ou?fiuoundodu cilbert rhomson ldldarsf;'r|diir

n-:rniilolunrrdrsriru:r {'rurf o{n u{rurCofl or fiunr: dolnr 4r fi rhr ng'irarlr:a'ldld

nn6

lufl 1888 sir Francis Gatron rfluqnnnu:ndldqnrfindrnt:n::nnruf,udiir

folrl# olnnltdunnciuldf,nuriinrr Ailhopometry to{ Bertillon lunr:fi'qtri

qnn nrm rdl udrfi {ounndounno'r lffi nuril 6'nnr:t o r s o{tta un cn frnnurnh nrsfr I r{

d:iiotor Johann hntinie dllCrfiuuduinurfinu;ltluil Lt2i

unaciu ldnsruurhrn-nnrta{ purkinie ltrjisurfisufiunrtlf,tr{ii:iio

1m0 iirdoqn,irtlilunrturoturnlr{ aur:naflarudriiornhsontflu 4 il:snn

n0

1. lriiduesu ( Detta )

z, dunouo{nmdru

3. dunouo{nrl$zl

4, flnnrodunou

o,rndrJrrtr d nr:fi il r{nrt ii.f utitaud-.ot1uu udttntosilsner:uuldttn c

rtrrr'l#otjxldnnlunrrii4oriqann nmf,rr{iiriioldrtrulilufionr:clr:ro,iJun$lutnd

ilrcmsordnufiur Ins Jm vuootioh lddrnrrfnurnrof;'ur{drfio$nctuiln-nuotctt0{
A tla Cnrjiluflll?ltooonluil 4 il:vmn 6o

t. ullfdl ( Arch )

z. dunouoqjnNt2l ( rinurrs )

3. f,unouo{ntdro 1 t-ar:ru ;

D

t
4. f,unoua{rf,i 2 r?rt ( fiulros )
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vucedch 16{nrher:uuu',uf;'ur{drfonl 4 ilrcnn Inutiunir:suuito{

vucotich rnhnr:1#:rianrudaiioosnrflu 2 otitfio dncorctoldrf'lurjiiounc

d'nco$rold?dur

r. d'nuorstordrriruriso uuulfthi':riadr .t mlurl-Rfil1u dunsutl:fa

B, truudunoudru:nte c, rtnsuuudunouaoldrl:r{a p

z. n-nusctord'rdu1 uuuldt}{:ria 1, tluuu-nilttldunoutnzfra 2, ttuu

rTnn:rudunoudrunia 3, tlaslluudunsuaoldt:ria +

6lur?'ir:;uufiwldnn6 $n;drulunrrdua:unfiorqrotirlldnn udfilduni

flnru nrl{oqjlurJ:smf,ttouoruinr'ldj
wlufl 18e6 to,sdrJrcff,aor{mu6uri:silunr,f,udifriisodrlalr;roirrdr

Edward Richrd Herry m:o'snqu'ldfnurftdolnruf,ur{dzfiotoqmadu ldfinrguil
A tla, 4qarufiuriu'a[o cuqriurilurn-ndundunrol#lurlnrJ:cm#l#auro'lnqurfluo'tr'td z

<i'[:rri hqd ?s32: us-vl ,

ruddmcnrimtiud:uhrfl rna'rir nrrlilrcifti u.ruuulud.fs ft d ldnri'nrrud: nr

1#r o druqnn n {r dr drn::ocldiurfl 0:6ir ritur$nuntut?rt srrosarudrf oditfl u

rondilnuargtoqnnnriou{du riru{riudo Johmss Evmgolirta Purlci{o (ns12332-ztLz)

rilumlsn drrnilrdsudsmfid soeur-* utfa{a?ludfflsdrosduna'lrln niotr,o:riu
ff . . I gt. ctt ,q 4 -< € -- ------^-€-^--^^o--- - ^-9. -^----d-^^e-.lriuri riu{ilciourrfluaren:ror:d luftnai:insrtoruninarn't Bregtsr ndngrufrtrdu

dulurdord ldrrninurfinuf,rouirurdoiurliqry Doctor or Medicine dr}?dodr
fiCommentio 

do exmine physiologrc orgmi vimo st systonatio "@io
ldfrufmgunirilunrsrnrfiu rdofl fr.?t.23c lnsurringrft, Breslau risutfsu

$oa{tfo{ Dr-Fauld fr.r Oz fl
luronarsfuldndr:drnrrdnrnil:sunrudriio{olqnqCI oonrflu g il:;r,nn drfi

nrrfiunr:{nrnrur0{nloiiriioluilqriu ottit, ftflnnrudrult?rfiCI:fiuri rortioSu dlflu
qr a d - A a 9 rt A rd4,----!^--y^^-,. v .--d-c-
{nunrrlr?lfisrrtlrounluuiton?u4nur ucififiurdrufirudr nr:sn:cxu:ounrufrziio

itorr purtinju bifinnlun'norrqtinurrreiodNln rnilrltirufid'rdrlutsltd or.r"ua uut

sir calron ifistdazfiurstnrod:fooqilunnrriubiflrsnarruo{ R*inje o{luo-lnqu n:d

dornrflutir rnnsinurfinufdrJ:rng'ir fia{rfior I cfunhfu fltpiunriundooqjd

Army Modical Library, \vqshington p.c. dnnri-fntdlo{d Rayal College of Suqgeonu,

Lotrdon. ciu6 noriu n do tiu d.r hirJ:rn gdro{d to

t
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I

dmJ:cnnildr ddrh{nrrifrwo'r purrinje i'l6funr:i:rrowirdnr:firnruld

fitdriJunrurnrfiu,unulrdrduqnrrrJnrflunrurdlnqu Inu Ama Thompson Winecoff

rirunRlulnr6u toruutirstn-o sryoming {rnlnarrnrnfi d'oudrd n"tioiu ldrdr'ltorn

rirurcdrsrr rmgfi:rnfrnrfrrnnrurnin $nsnrfiurjufiu dlunrurtnnle (Technical rerm)

uu rrioudunru n ru nhlur o r nutol

o tin 1r fi nr u nr:d ncirr:ddr flaauntwldiu!fi u:6i rilurfln rintu t?l rf trrfiu

,ouu*drf u rfl un rur n rfu il:;r6udrn'q o{dwuo riuu3o hidr ro nar: duriluinurfi n uf,

r0rr R*inje riuiril .un cldf,u dnuunilufl n.f, . 23a- drr:rdrdoluo lfunrutilluinq
!, J "t - g { t rt-9----^.------ .^q^c^-^^--A^q-!f,.1-.^c-^^..., 

r
xuuunr n.{uunlrrrsdrjr rsnar:riufldrrn:'flars r{r'lwrniliohii"lus-lnqunnrfu

,rqnarndrdfi hildarwdrdq drocdr$unrornr:ift,no{ r.rrtiniu hifi nalunNouq1

tnsr dodfircrfiulfif,niraunrrh?rfis:ftri Rntinje dtilu{nun:rutiuror:sunrsdrfo

rflunuu:runufifiuz rfirlc sir wiuim Herschet fifiprlr;alirrgirf,ulosl#rflunfrngrulu

nudruu{srmrdurdoluariudu niurf,szftfin2 Babylon luel-u'lu:rotfutol lnonr:'l#
, i.. . . a I - - -.---^4--s-.^---4-.-.!^r ^-.- t-

ilnruu?rtopnl tunrarlnnfn ndrnaouutoRdrt ufodqqt rft,nir Tep-rei oun:gfr'l

n r'nl:lurnunr:ift,r, or Dr.Fauld ft lCrjrcnraoo nl'dr rirufi ldruu:rl l{rrfir un;rlrnr:

dun{rrflunrnrsdu6nrj:cnrrrdr rnrdo;iuu:nuT fia nwrhlrl#lun'norrqrinor

rfu fidsrorf,un?oqnddr sounrodrfoxo{{nan eirr:nmhoonl# g ilrcnn drrfluudn '

nlrd notiolu lCuonrl{riou{du 1flurq f,ucuriu 2506: 90 )

rfrsfift:cuuti'tfilrfauiiziiafifldulurlrsrns'lns ( 6c:r rrirnut ?;l32 z 7-e I

rduurnnorntfrnd{nornrsf,ufii'rfodulunolnr4'lnurdofl n. fl. 2444

slr6w:srdrC0rno n:uilnt{:1n1i6r:nqnf msdr:ldrurdwurudn:rn:xqd

!::u ldiln:;:rnhcarridtsrfilszuczuftur{nrudrils{dolnrlundorqr,ottlsd

rflundqnnnr:d drul#norf,ufnruiirilsrlmr:n:rffr0! rnsflntt0{nun:rmoldr

n uirfl un urnodo qrhf, nlnurr o{fr1n rrriouudz fu suft ltjthrn un ; o't m:ntrudol

rCo nr:rirln u gruhir{nu nrucio lil
cisurfi ldinr:tfiunu:zuf,urdnrud:fstorrinlnu dwdulncdnr;ffsu:rfi

nio {qrufrnnr:frur{lrlrfrfiumnrlou{rr1n 1 rnir rirtirio$rfiurdu ro?A liot

dlft:rqriuf,ur{nrodrfordunrn do{roroeoruduncair.rdslrfilrfildu nlotfru
Saoqllaqilununtflntarounltudrnsdotlnutrudr 3 n*duhj lnuidnur l. n. rn&

I
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rardrduuncriufl n.a. riundr' 1n:'nnrr6oudr' rdolftndrdrqnnndrnodo.rdr

frfllnurrsrsrn risnjrrhdrrafiuu6'eqnuudfl,i'uururiJulu rdol#on{rld.iruunc

:mrirndrnl:nr2firouf,!r{nroii?fo uenrdrrjilrcnin:errluf,lr{utd.fuidlu.u

u,ndu uwrirflilqrrnxdrununr?rdor.J

lufl r.fl. 2M n:uclr:rtfi:cun:urnldrirf,ur{nrodriiotorqnnndts

orlgmn?tiu:rcnr:rfludrnt un;{toorlqrnriu:n urbfrlmrsnl2odou ntr
tat!

qa nrnrdr frl r{nrofiriisr o u,;nn n ftr a o rlqrnrdrfurtnrrluntrqnn'rn: umtztfr 0u

rJrcihrfi!dudn rJ?lroruurdrfirrnduoudo{on!'rucolnnorarof,uf,drilo rrtflunrr
a lAa cdnr,frudfrriio luTJ n.a. znt

ciourlufl n.f,. zffi nrqndrnqurfrorsf,udiirfioto{dorrrndorqrcit "l

dnu'ludrfinnrqndrnqun:grlrfinrrl#n:masurJ:ci6 f,'rnntct'rtorqrrirf,ur{ulud.

fisrordrrnsdiil:gfiudz nruch::rnrcunrura6irf,ur{nrudriisluduri':&{rrh rns

a rof, u fdrfi or or{dowrdo nruf;'r riiiziion, orqn n nd qruil:m f, o o nornauigunrg

ungfrrnu{lr}fnrmasr

1ufl n.a. zasr nrcr:r{Rnr'lfilrfrnrsf,rr{ifrfotor{dorrrn6orqrtomu'n

d n:rrhfinrnnr;luntrur nq ulrfnrrfff ou n:rlclrsu til:;un:lrnrir f, u fnrsdzf ot sr

1;nuudqnru:rnaosntiluon:lro1olrfrnrlns unar6ndqndq6'ruh'l:'tti0udndunruur

}{rfiurfirduSn lu:h.rdldtlnr:rlfur\riilnr:tfluumdorilrrsmnrntun;a'nu:lno

urrflumtnnrrnds.nnuor:vfin rCshil#rfindns:sfi$ntduau nnsnnucirl{rfiu

f,ur{nrgiirfscfin g dsqirxjutCo:sriurru

ciorlr'lufl nfl. :ztss - lzts6 n:rdr:rnnwun:rnnldrfrf,urinrudtiiotol

quuudruurlqrnflorpflu f,!r{nrudriioluluraitrilurQuriritgrhrnrr f,rlr{nroiir

iioluorlqrnalRro n:ursfifinrcnirfrf,lr{nroiirforfldorrrnfiorqrt'0{ntilrt?rirrr

l#nrenaouriiududn

'[ulf n.a. usr nmrundrf,rrinroiiriiorurnrnr:d,iJurfldorumfiorqurti

or.oaourdl riurirf,ur{nrud:iiorinlncnrffidfulnurrl#rfiud:o 6ou{rit t rir
r A e 3 a s <? .ra o .r9rf - o ! !---a---d---d-c--!,

unufl ufl alsuruot u fnh u n nur,r fl ris u{unh{rfi:r n: udr:mriurduf, u fn*d.u u6

roiufouoqrflu tlllo{l:arJrrrnnci'n 1 qnlfin fiuf,urinrsdriiolunrftf;odqqr

+in t urh?n:mauu,iudu

rt
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f

r;udrfl n.?r. z47s druruuniuf,ur(nrudriiodrfiullluauurfio{rflu{ruru

urntun?rdo$rduhild nn.n.n. rn,llafin qaorind 6rldfinrlrriryfrnr:dor'lnu

( u. r. yr. ) tiu dudornursrran{ruruuaiufirr{nrsdriis'luufluar:uub{fissnl

un ;rCo1#nr:inulonerrrin:erruufiurinrudrf s16r tfi onJduuruhimqntrniurir

du Insnun-nroruriuf, u dnrudriion uo{dor'tn udluei 2 n$rduhJo s nurrlliqinr:

do.rlnu

lumlcfior frurdo fl or frua{dor n: onfumnnrrfr u'[n u tn:rctfiurnsdnril udu

fi u r{nrudrf ot o r{rhndr lurio udrscilirrro nr:f,m:otrt omrnlrhfrhnun:2ofl 011

ro'ltfiildsuiinr:urrfl uduuiuf,uriarsdrilotor{dorrrlundorqrdx ot n"r:'tsulstrdn:

url#n:maau rCol#ri'unrlrdrEracionr:f,nr:snnrlnutorarn nfoln'urfufillo't#

ri.rrrduf,lr{auf:fo"urdrrnsdsrnftnrncrnrfflr rliu:onrorqr unsnrnniarc{ur1#

rdu6 ndrs rhl#rruto r norwtfl uuoruf, r ddziis rfiudustin:zatir

lufl n.a. zasz fln. n. n. rnrrfif;ginurnli lCtsruuunrof,uddaiiooon

hJftcirftil{h Insdnd{emrnsrflsunruf,rr{iiriisnndu 4 r.un rm;ldtgt,son

bjdn s Rm

hufl n.a. ugs rh}?rJiursuduf,ufnruiiziiorirrdrrrrjrirunnu fi rlSrrorqr

duounrrti! nn.n.n. iln?{dfin qnodnflddr:rdrurriurnuuncldilrmrinurnr:

du:ouuro-rnqsuild unsld*tiutitunolinmnr:

alrJudx rudruf, u r(arudrf tl lffil nr:rrururin:f,r t{uruii.f u tiot o l{dor rl r

ftroorlqrn srTn:uu {nnuuflrfoudr dfinfiu nuindrznrofilr{iizfudu.rul

{dorur l{nrztaoufiunruf,uddrfisludfutizsirdrilrrCorrdrnuirs tuft riudsr

a$r srnr:cnudrfi ultdduffifl uddo, uo nuo, arisuil:giEo.rrqrxi qotll rulfiurn

durCsdnu?nr b?nrinrrucoucuunrdrun'ndua:u.touttzuu'rdrrf,n:;rhfinludru

rhuifiqnnn unuilt;qun::rlnr.rdsilds nrntirunu$ro ,.r#oolrudnnrnnugls

olRnflunt.rdmolrftrlnrlungnoru rituqutlnnruruudoXnrCmrfiu rulufru

ilssnrndilfrunuurun flnn nr n unro'lrin:ruds nindnrurf oqnrlr;r1u9T, dnf, fu fi'sqi

dr:ar druiuriauilnur rCsnrnnrdrunr:flolduun;rJrruJ:1!ortq1nt:rlnnontu

Snnn'nqn:ou:rr$rnfr#inurnr:ri2unn1{tmcrieu4fr nrndro

ft ur?nr:uiur:n d'r.r?o qa n ruJ: rifiqnn nwr{rcjqnunulu rl1nst61fr iluiio n u

( M@uat )rchdrrfiilnrrr{.rdurnfiouluodn nr:udflqurdturJ?trarlrurfiufiftnln:srh

I
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ruriiouur:nq1u #:unr:rCtnu titltluo rfiuriu rilaoudrfil nn-ldoXn

rin:nrrru udufiur{nrudrfo "rnq. nnufrflqrrcirl 1 #runr:tfrlo-nrrrh6lrdlufii

d6rt5ria.rrurlndu.l iilnrlrfltniudrdo*rhlftp1 ndrfitsdudr tflunr:airr

ilqrrqnlrinrrdrunr:u?rr:rruqnna$nrirlutonilt ldiohJluournn io116llffl

nrrdrrsr:;uun o u f,modrnhsdurjrgfinin rnlunrrn:rtf, 01J

nnqlnau fi ur{iiziledslilunu fi gorirl aaold

nrsdtiloflnntuiluoulunr:f,qrrirlnnn ( Roliability in identification I #rurrq

nai'rcioltjd

r. flfrnsounrnuhinlduuurJnr iio nrurdutu$rrriodoilr,ngdudoninr:n

o{1un::durrnril:;rrsrf,sud g ftrdoud a ( Gmmins nd Mdlo 1961 : ao ) finus;

nurdu'luarsdrfiunsrurluddwhiflnr:r#suurJnrtnotuurinnEnn lil wflrJrlfif,olusi

{mul}tf,nnudrdunrrdrs=liu rn;alun?qrfiulntolirlrnsdrduniu rdorflurdn r
orq&fiou nrarduiizfofi wrii n rdorftuhdur?ooqrrndumotdut ordrilo fi w{oru

lrqidu lulrlnn;anrnrdr ftur?ognrudrnrnifzilsdqldrdrrdoo du r-rd rfomt

flaurinursrnrnl{rfl utrrJu#r nroifrfodrJrrnqo{fiwhifl nunJduumln$ns

uo nmnriuluter;diililot orrqudrfianrrhirJnf,du niu I:n n rft ns n Cufiuts I
usruillsldrltnratiou rfinaroiiliiorurirdwnurfiouhJrfi ol?hm,;ildl rdoifi furiu

nrsdudnfiudrnrsrdufu urfindulrrilnsldfl nr:njCsurujnr drndriuur$rsddrllo

onontsriinrurnrufiarfluunnrflu :osrsnrflururirdstittrnfirflurlrnrunudutoldr

iloldrfluundrunhrfu drudrudowhifl nr:uJCoumlm drorrqddnus;auldutsr

ii:iiorrludftriuirrflurndorurrufiqrridzr,pnnldodtdrdonJlsuffiuufrnusr;duluirl

nrworrqud tdu :sttmndJu :oodn fil'rrft flu risdnr tn:rsdltuEild,iuo

n?qdurn urdo u nr lrJnruft,

He'sohel ldrhnrlfiunrsiirr{iiril0ro.qnu0{afiu:nrdofl ,rsr n*rti*nrfl oq

zo fl ungldrfiudzodn6nofoduuq aefl unsnirqnrtrodooq etil nujrlriinr:

rujduudnrrs$rsrdurno u0n01nd *ur".", fildfinr:rfiunrof;'ufiililotomuolds

fl raso ,rrrfuu.q g+fl uosffiudnnfiulofl rsez fiodoorq ?sfl frnufihiilnr:

rujdouurjnwslnrsrdums snElufl rtsr Jemning fi l&hnnrfiunrsf, udiiriioto{nu

il

I
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a

C

rorrnsrsolqld ztfl uncfiu6ouforduulq so fl finl'irlrifinrrnldsu$ilnwolnrurdu

niur60afiu ( clrnning asd Midto l%L:4t)

z. ld ornrhnr:nJdsurnJm nruifiiio 1# dnusrcnrurdut or driio l qsd& hifl ii
nrrd$rildsuurJnlt{riluotit du ld tn :rau qdrn rudrilonsf,qnlrJdzoil: rn'uln 1

nrsrduirsrfiofucrfindulru'lulrlunsanur6rtauo rluudwldthnro'liltinm}Jtudl

ci o !rilio lnsnrlfiourdoffifu u ri.r oo nrtlsl#il!n uruldunuodtfowqnrharsltJ'lno
iadutt{

3. u'liltnrudriiotolqnnn 2 nu triisufrutiod{fiu&hild sir Frmcis

Gatron ldrhntnr.o,rnu,od.iiotorrqudo snrfl usfin un sdrfi una'nua&frnul ol

n rurdu'lun.roii.fud fl u{ hinudnrssarsf,uddrf od*triu ::u hJduJrctnseit 1 n&r

'[n nd ldnntn rsf,$ ddziiot ounluddu ft hirJ:rnndrfi dhldrnunilnr,,drfi ox o{qnn n

2 nu rniioufruuiodifiurfindu urldrwdununudsr ucinunvdrfihirriiouriu

<iT:nrf lrqd 2s32: ss2-sss,

t ta,,nzsrilqui{nludrdotA'ir whiinrud.iiuror:lnnndrrri 2 nuduhJilsnra

rrfoufiuuisd{fiu }ldrqnnnrfut;duars'lnfinrfiorduurugoritueltulnfiu nnonou

urlnnr06nfiu00Rl'r arsdrfisrsoquuutiu 1 fihirnilouriunfsd{fiu sir Francig

calron :rulrudrlonradtEildtfiurfl$ t lu eoo firu Batltazrd lffiru:ordrfl

lonrarf,sr rnoo driirfiounrlildn 1fierrq f;usuriu 2506 : et )

rifuaudNrfiedNuitdefieiizntrrfrnornwt 1 r:1d ?:qntrilr ?stl z 2ts-zto )

fiiufinursrd:cnoudro,dudu z sfin ztttuudoufiurflu z'#u 1ltJd t 1 #uuun
dltaqcqnilrorunrsrsunaldnrnnrsusndlooluddunzndodorlfia riondr nrildrngr ti rentotl

hJrflurdordordsrn'u risnir nrftur? nrft#q z #uo{finfiuldtrnnmilntudorrgndrl

fiuftodu'ls'lrj:6u

urft drnfr il:gnoudro nriurvagrldl.nnrst?,d0r oqjf,nfrulnvriuldoufiunnro*u

n?lrlriulfl orfirnrirduoqjfiudruru.#utsrtrynrncird fi:uri.rdnur niu dlrflodlrrfrtafl

dru:udurouraqfirurirunndrfi:ufiur r niu nJdonnr uncilfifl:uc rfl udu fi'rnri.r

ilurrsldic,u rsnfi:uuqnrowrftrirnirqntn6orl{drordal:J:6utfiamo:rdu rdomo:r

t

3
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I

t

Eurlrnrhdflo.rfiu6'usnrul#udnrirdmfruasdudrufiu'lrflfi'rir:crfiuoontrnir{nrotil

rrnnjrrJnd doiiocfi nrr?t qaoonnas",.u,,fl udluu

u rir gfrriJurdo rdo nr nrdufu i n n onrdsnun stduil: satr un: nilarluo{dro ilunr

,rrdudfi.nricfirilurfi:rcilaonriionlutrrftu$dro.r 
'laofrhlrrilrn?nurrj:slron.s'3 r|.rt.

r:rrrlrlunrujrurirudosnnrildnstrclfiflu t rfi, uiuuun r rflu'#ud:oliutrrilrhnfr fi

6'nuolsrfluuduauu riru#utinnirtgdtu.fudfidulunururiun'h $ngritrlturufiulrjcru

dufi rto$trrf.r.fldndrcitnrrdozltfiun'rilnldfi rilrh<s-tldrno9fia1

, du oo.rn#ruur or r riruffi ld:rurisu nrn,fl un dua s u rlrlflduu ric drnirdvrru

o{Idrnnnrufiu}Jdrs dmiurrhull dt rarirrd'tgldrduarrfluuins 1 lil n:rrfufi

or.rdn adrgfiudnqnuioqn,uridrrflurrftuul 1 niu dlrfio dlrrdr #unriludlftnsirats

rflundunouciordoradrmlorfluduldrturufrutjilnrg'1 e1u ndrgftrnounrgdtorlo

na'rnrdridlu?u111n1luunro{ruruf,nfiu rlrl{rfioriluilquunvdoladufiuhJotirtriJu

:grfluu ,rEruugdorduunrdrJnna}fifiudlurdun2nnrsuufrlrfidtrruolrfiulduufirrril

dru,r drniunrordusrr:n+in 1 do{uufi:urfturl 1 tolitmstiuldlftfinunnruldl

tsrfirnriru#dur,rrirrtrnirltusirilurdudrfi,dut.rnfi nr:6nrudu21rluturo'll{du

nri.rrirn{r

MrsuMr uas AKryosHr ( 1984 z 49-551 ldflnurn'l1n:lagrlto{4ru

rduluadirjls Inunrsasnfirurftduilon ( epidermis 1 oondrtlarrnsaruei'll o,nriu

riorqfilrri.rdulu < dermis ) #rsndol scaming electron microscqro ( SEVI I ndrlu

rirurolfi:dulurj:snoudtueluqu ( papilae I dlilrldr{ {um unsdrurud$nncirlfiu

uudflorqurnduovieiugururirddnduuriuurndu n'ttdfi.u?uuonhirlrrnqrotrtlt:vdu

rdororneil qucir 1 d lirf *uu rnurudu"ndnriu rnngdrnr:a?t d:ud 4ut sr fir#u

uon ( epidermar ridss ) nsrfindurioudeiuquefu 1 wnBqrfiulndutt finuotsllolfrl

dulur1rrorudrudulu ( fib€r ) rdn 1 druzuurn dlrimcfit'tnrlrlrfqoralrifinrlilfind

run gmfi lunr:rnrc6n{ orfirduuonfiufiedu'tuunncirfiu < lrJd z I

a

o
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o

t

I

grJd z uamhfifiurdufuuinsldudol ( frrrow I rrweiuqu ( papillae )

A,ts,c ttac D uenrfranttolartltdu

du, , Anatomicsl Redord 198a ( p.5 )

no'lnrmu*0"*,niiu ( frinn dlrfis:6t07 ?st:- r 4)

cio urfitorfl uci o ud rtlfinurmnfirr ri.rft Epidennis nunufirrfiqnrtillll oldrl

nru iurnrfluf,rrsdrfi'rnrn, dltfrr nnlnnr:unlrutstsdtnrutfluuurnntlrfluriln'l

(Int€nniEent) $nroqinrUldn'ttn2ilqlx0{ Thormo-reguratory c€nt€r lU Hypo*r,da-us IOOdfl

Thermo-ronsory impulso mnfirrfiuiotrnqatuqfitolrdonhlqiqutinrlqur$onrrsn

qarrqfiimnrsl#rrur; nltrdudutln soc torqornqiidfirnrir uiiorln osoc llolqontrtrfr

riisn rsrfrltfnr:rfrirrfuriiudu gutinzuqlwrfl rnpuro uruldsunrCorlrt sympathotic

nsrvous systsm trnu Sympametic ueryo dnruqleioltnCoogriluriin cnom*gio ou*u d

fn'l lcutytnomu

nrrndl n rl0 il 0 ni'tnn?uqu lnuqudneuqtdel oqtdt fi.tarlr:o rfrl#tfinnr:r n't

ldTnsnrrfiurol$ou f nforfin ol r:rtion Gustatory roflex rlo Ins Axon-roflex luuitrsl

dfi *n lesion fifsorornn'llnunr:ujduurtilnllusr:rlai niu riurlzn, nfl?, ln:t dlnrfi

niudrinrfinun? 1 dhfo, dlrrfi, rfirnrn uns Axitta

f
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I

nulnrasB.lsr'ourflts ( arg{u njdoujr;fin{ xrc, z,

risrrrlotornur:rflo{ z lfin 6o

1. Eocrino glsndg

2. Apocrioe ghods

dotfo r tfindfl rTounnirmrnfiuft cio hld

dotrnncirldru Eccrino clsd

I r. Currir nuf,.i,oo',o ourlndflr$o ilrnft nuurnuinsfnultr4:ouriruu

u?nsdudrurufisgar unEtlu oiurans

z. druau rl1nu'rt z-s druriaurfzdt {ruruiloondrurn

g. ifnuggtoliol simplo coilod drct
lt.

+. finuu;Urfind'l cler, wabry,

hypotonio fhid 05 % goW doomporition

s. rdurltru dlusirfin (drnnuld) noun{l-cr:

6.Inusrva$otr Sympaftetic aorvous syltom No sooreto4'hnervation

z. o{lufu D€rmig

dan a - &.-,- - -E. rirlln iltqn2ilu{slluonooRtll

nruifzilsdrol birfluuuinqrfimrnar:ddutitosmrniolru$o giol'ltiiu rng

ltiiumnrdordofirnrir
- ia .u a
Ft2r,0{utuotailantriuflltdryurilCIfl ndolrn(adorott*oqiuuduqu ltfudl

droonotirgiords$rnfiziltir uasfindrusr:driuoontmioultriurdounnr:f,irTnriu

firrfzudu drf odrflunar:drftrinq mrdftrdruoonilrtgdrunrtdfirtodnqdifriio

frrdssflu:sgnruiirfs rdsrtrnnrsiilsoduoolrirfiurfintrnn'ntirumcr:dsonrrlrlsl

ioq ft riuinqfilr#runcrSoilnsfinnradrf oldd

arrdrTuornsiotrudoldfliil la flrh pn tflunotrfon:adnfioo (I,H 4 - ? )

* il:cnoudruu.,rudr, 98 - g9 % unrfilrrjrcnoudunilduncofiuilsi t -zE ar:ofiun3d

Apocirno Glmd

Multiloculaled

Tbrtid & Milky, Bacterial

Lowsr d€mig

tflaufng Hair folliclss

t
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I
lduri rn6o rrnurdsr uunfidou rfludu ar:dunidldud n:noilu gris rat

n:nran6n rfludu lnorfrqmirn'nJru 2s38:21 11dd r 1

I

f_ Warer

| 
. e8.s%

I

I

Fingerprinr I
residue_l

It.
I *uo

1.1Vo

kctic acid, fatty acids

Riboflavin, pyridoxirr

Glucose, $gars

Ammonia. urea

Amho acids '

Crcatinine. albumin

Pcptides, pruteins

lsoagglutinogens

a

rJrrA
ruil 3 ff?r{1J:Jn0u1o{[?f{o

du, , n-*ric Scienco , An Intoduction to Chiminalisdot (p.342)

rrffidfiJolndsuhfuldifl la rJ:;nou#:u n:n'ttriu , inrfru rfludu qsr

nlnuasil?rlruxo{flud{roonmnioultriu unnrirfiuhlluuiwrlnnn ilSurstol

rnrddrroonrlffidufiuqtrrr1firrarflnrninh rJir, aruomrrdliusonurwtiiudurdo

qorn4fiq{ r?anluduntontorinltqr trqdrouosorud:ilsd:unrdrirldrfiu

rds r ornrfl u:osr o{f, lrdriuo o nr rhifi il

fld a uns s ufln{0'nuorsr0sarud?iioudruufirffis0nunsfirlnucnrudrdu

I
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a

I

r*d . rusnmdrfiuurluufi:rngtn ffinllfiif,ununad:nuo,rCo

o

dl, , for-"1- Forcostc Science society l98l;21: L7
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I

a

a

5apn audziioruhuufiz1n ns

dur , f*n - For€nsic Sciencc Society 1981;21 : 18

ilofihfiilarndenuniion*t,t iu ( s:sfr ujdoujr:fin i xrc , z 1

L qonl4ii

rdoflanrfourdrdudfirurft fiwrh}fqonrtr0lurtiloaqrduftolurzanisu rdo

rfoadlnnrluuluirnrofl qorqfiqrdufioafianrsnt{ulfilrmudonssnlutfi"do rnt

nnlndudtsdr$afo$izslfiltnCmo{1Crfl unr:f, orriulrihlrfianrrE Hyp€fterni ft riu

luuNilrgmaunurduqudqnrsmilnursortouudol#fu r finrlunnr r ihltllfirlluld

Iru0rft, Eccrlne glands dlrilu Themcegulatcry orgm to{fi{rnu
J2. O'tt88t

o rrrsiild:ulilil nunn'qr uorrdu u,rnq" or:rsidurJrdrruhJ orfinhr nlrl nn'r

rlrufiu durdu nnh uSoflnurufirmlonrm 1 rudrddrqrist?rfinnrtuu'o#sHr{liiut
un:nr?rusrdilrmrnlrr#q dflrfu rfr inuf mcilfi1nrn usidrnrrnJCsunJs$orCopyright by Mahidol University
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.t

a

or:lairiuhiluu:lrin Atten un;Tt?fl nut'run:rnshiflnr:nd'lrudoffindurao Snriluinsl

" 
u o n'rr n ut,ndu riudu frud rur ut o l ci o l ntds luuinarriudrs

ildodrO'qdno'undldrdurfloldunr:nn'lntis ilonflnqalfiqfrlnu:ou fi60

urluduluurnls 0ouln,odunlndunirla nr::r,nunuorilfirfluhjldr?ounlnirriu ,tnCuo,

oonrl'rn udfi:rrfluldld

luu.irJiurarruo,ndudndlluiundt 1 fiatrunncirlfiuldtrn tJufruqorrqf,

. u.,udu"ursrnrnuncilgursiornrrrisnrrugouuiouudd, 8ou',nrs9ou rrCoiilflurn

ducnilriru ,flurnrsdu#rsrrCofirrlndu5n drflnr:rltrudm ,rtufi6oulndulrjnrt

rJiurff lu rliuran orulioft rrndqntdodrlrun rinluornmfouuurdu

ffnu ssno{ erg rifulu ou du ulo

n'nuorgfiru rirtordriio dfrf,rrronqruiiurilulrJn'nusrgeit "l fiu uf odrr:r

,ordriio nnauuuriudl lCnrn iinfldrl{ udznnnluun:;nrutlt'n fitnlrrnqrfl qrJ

irnznnrurilr.l tuodriiorft t rflurduihmrhr ilCrrlt an'ufiubj nrnnrodrl 1

drfiudud firn:rarqdruufizrfirordrfiotorurluri:rihduoqi z rfinrlufiuo{ 6o

rdugu un; riiuCsr

,duqu ( ridges ) fionrlfinrouut qud.rqldulrfrutrnfirrrilri.uuunnuod.

Ssiirnt'r dhiio uacflrril

rduiar ( fin:rows 1 6o:ooa'nd o{drnlhJnt'rs;duto.rrduqu

rdo nniiriio a wuwiur iln rm silr1:Jnna{ilurxttn'rutrr tnJ:mqtfl unrnnro

cirr .t Tnoflrduiilnrungtmaaiuriuhjd'qdldnrinu#r rduiilArfifiotdut{u unrrdufl

rr:fifisrdudsrriursq drfluniudfirn:rauqdr rduqurilurdudfinuiln riurduiolriu

o {n'n m hJ rrir:;drt o udu Xu r n'n hiar ur:n wfi n n r hJ tdd.t ft dr}{rfi nril un?a n 1u

drndrr 1 nr:frqtriun'ngru ?.s37t r32 )

lurnrugnilrsurnr 0{r arsf, u r(iirilo nr:drurotmrfl uronrsfildii'rf s nrrriu

du nr:arrdu nnonounun:rmsrnfiisurfis:r ungnr:tfiuarsf,'ldiirfotfu trrld

rduflcr 6s rduquritund'n rdutlc,ranisrdudoufuhild

arsrdut or aruiiriio fi pln-nuorcdN r'lunrudriiondl 1,,einvdztsfi rduciN r
- ,-{o

HflUnuoga{un0

t

a
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I
1. rdun:rrr:rnr

2. rduldr

3. rdurnnnlt

4. rdurluu

5. rdurmn

6. rdudu'l niorduma

7. tdurnrs nio rdunstadlu

f

(I'J

a

a

8. tdu z tduurnufiu tfo tdur-nrpr

e. na

nrofiuddrfisrfua.,ur:srunil:cnndr 1 rnhosnrilu g il:;nndzofiu ftd
d
n6)

1. rJ:cmilIdl ( ARcH; nhoonrflu z rfin 6o

n. Idlcru ( PLArN ARcH )

'u. 'ldlnrgltrl ( TENTED ARcn )

z. rhgmnfnutlu ( tooP ) urfuoonrflu z cfin 6a

n. !-nil21tf ITI-I*IAR uiorinuls u '

r,. rinrzro RADIAL riorinrrru R

3. d:cmnduilot, ( wHoRL 1 rnhoonrflu s cfin 6o

n. fi.unotlt::ln1 ( PLArN wHoRL )

. 'r,. fiunssn:;d1nn1{ ( cENTRAL PocKET LooP )

n. fiuuosn:gtflr{rl <rannnar, PocKET LooP )

{. duroofnills$rln ( DoIJBLE LooP )

o. fiuuosfudou ( AccIDENTAL )

rdunruiiadrJnrufordrwflruurnnrvoli uncflnrrtdrf,qeiofidnmran{ uci

otir 1:fi nurduadioruHrf:fl rfo nr:rlsrd2xo gdunrsilo'lnotmtanonturufiu d

rjn,rtldacdrt.gdluduarorurlsu lurarcdnnr.rilriioostilutduarsnruuururruactfiul

ruuunrsf,r r{uufiril riqqnrlruundu'lnor{uqn::u urnfl anlfrnrJnfitoq'ln:Illmr

}ljrngdluln:'lulryrdhi'ldrtrrunrns (so1n1su) fifs1n:lillsudrt1fiuotl{fl <rfindCopyright by Mahidol University
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PLAIN WHORL

,

CENTRAL POGIGTLOOP

I oousglgoP J

D

ACCIOENTAL

d
lla

flii o nruf,rr{if':iiorJ:cmrsin "l

l|1 : FBI Advanced Latent Fingerprint School: 30
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o

a

fn:IilIs!) finru rsrh}?rfinnllfi'niln6rornr:roiqrer^uleutasarufrudfio ftorldaqrJ

rorllrfl unrir 1 x0{ar1lfinrJn6ft if

nr:dfiuln:u (Down's Syndrome) arsf,!diludtfowidnur{qnlrnndrrJnfi

r:rdungnnulddd.u,o,,urdrffuu uinardhfonrodtduufirdunrsiiottuurTnn:rudruru

u1n

n ft'[ti 6 griro-y n) drriln unciu dnvfi a rsf, u ddeiiorruu'ldltr:unuud:60
JIA

xlnn?l 6 u2

rn a iru o ff uln: I gnrnor' s syndrome) n r nflt sfi a rs fi rl dii'l fi o ulu rin n trud iil rir

urifio fi r:rflsuqndii.ii fi s'cnrnr:nunroiisuuufiuu ouqrndrrlnfi

lna riryl a rn o {6uln: r 6linefelter' s Slmdrome) w fi n ru f; rl ddr ii o uuu'ltTl t:: u nr

x1R unr{uiiaddrrinrfluuuu!-nfi?'ru nrndrcfidruruargrdud.funsoaulfiosndtlufia

rJnd 1 r:1fr 2:rlni?It ?s/t :2LG-21? ,

Ravinrlranslh ltoi Thomas ( 1995 JuI. : 153 1 lddnuro'ttrrluuullolnru

drfunuoouluflr{driluf:nturrrrulu:ff s6tdudruru r0 nil rfi oufi:rnrilnxuqu

120 nu ndr lurnansrdof,rr:alltfo, fofiiousnfincfiofildp{n'ludnssat6s'lfiu 6o

frnlr$crnghrothririudrdqnrafifitorliluurnroii'riiorilufnurloflndls , rinnlufln

r rr$n cf dl:rud lr nnir arutrrJuuu rlu u s ai fio u n 
jr tutnnrf.rlrJuur.ru or rinil lrufl a

drudrrnndr tfupluuutluuooluf sdrufioondt

4 a ar) )
nnnr:f,nurnrufrudfirfo ro firtumu ro,43Atnu u$l 1,00o nu nujt

o-cnrrirurornrsdrfiodfi;rJuuuriluduuorr$nchirfJufiuraou {orrnud0r6{ rrirflu

6.72:53.04 ( Yisolkosol : 19E0 )

pffnuoe rffiq f, ts c ils nrt uJlie u rfi s u1ofrnu ors rtrffEf, rn u

(Fuost end Gaemesslsn : 350-351 )

qa dnuor;drdq f,reud drurt#lunr:n:mtrllfsurfi surCsldlunufrgorlqnn n

rlsn'ir mimtiae dlwrnhil:ctRflto{ minutiae ftciolild

I

a
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t
/--- -\

t a?--\ |

,*lri

1. Biftrcation ( fork )

J a
,-111.',

,t.i,::,t/i_(

,t'f'd

,i:::i,
,'r'Tii'(

t t /rlo-

. a st 4inoln r:orflurJuilauu1n 1

t

6s dtrnri$Jarstsrtduqudnq"uo

6. Tlifircation

rfludnsssnrorduqurdurhs?drsnsonrflu 3 d1t t6od

60ndrrnqiou ( fbrt - 8hryod psfiem )

?. Bridge

iln'nussdurdudu r dnlu

I

dnu or;rdu gurdurfi ord uunrioun no o ntilu 2 ?t"tu

2. Islmd t|io foobottu

rstsrd ngilursdr rduqutdufia:dff nriounnoontflu z
3 a t {J a q

dlo0lnuunurur:tufiudnnillur;u;nNfidu r fioii
tdr&rdadq

AnUAlgtlJUtnlCf,U cl fl2ll Enclosure nfiU1tO{lmCill|

rurnluqinir rdsoa rfu,oo

3. Dot

4. Shqrt ridgp

rflurduqudu r

5. Ridge €nding

rru1ltnil0q

rdou:Erdrnrsldil z dud
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a

"1'7'''\'/',ii7r'i.
t't?-

E. Augle

nrrdrduqu z rduniorlnnilurnrturiu Br plndr

9. Converging ridge

6o rdurgu z rdunfsrlnn'humun'uunau::oufiu sl

prnnalu

10. Diverging ridge
a c dA - d JaAn0 rfluuuil?{flu1unuu'rr3g31fu{ flnilun?{uuno0n

01nnu

. /--,
t--11

,rrr,,/rll

3 /4,
4i/,li

GE6jal
?fi Rltg:?OrU: gurng il ATr ilzr.rDil3t{

I

lu nr:n:rtnJisilrfi uu arufi riio ueh d rfi ulft r nao r ud rfinrr q dun r,fi rr fdriio
ro iirtor{do{d{6r'o fiiinr:d'rdsbJd6o

r.frid1nn-nuarrdrn'qfi racft undrdurduunnfi do$ft ndnuturrfrn-qf, raudndru

n dufl u r#uusr nrn f s u fiu tfrdln 6'n u or vdrrTq f, rau dru r dufl ur#un crn aril fi eto $ft n

d'n u orud rn'q fi rau d ndr u n dufl urdun cm arilril iis u fiu ffi n dn u ar rd rn'q fi rau dru n dq

rfl urdu.u ra fi do r dlnn-n u or rdrn'q f; rsu 6 ndr uu dufl ur#ur rnrr Ss u rTu

e. pdnuorrdrdq f;raud#,f', o;do.roqilufianrufisrfiu $n crsdo{ rfurdu

: a rE drpdnu ordrdq fr raunn r.r dr lrl& nnn'nuarrdm'q frrnu6 npr dr 1 r oureia rfl
nrsdrfs I dsrriulddru'rurdurrirfiu

a .n cdo r drnrrdlnn-n uarrdrdq f,nul#q ndomru fi a-nilrcn'rtd r uu rd z lrfllffir

ropduUn'mcdodr:osn rudr$oaooruud dtu:osnrud.funuor1un nnufiorfiu

< dd o I 1 q51a qon*rr :2s?e')

lunr:cr:rtnJisurfiuurdol#lunufiqnrirlnna tsf,tr:ontrn minrrriso rurirddr

fi n :u dl niufd e o nn d'o r fiunis hi drurupd dr r ualt-lurda ilJ:cmsrs$nncir riu

oonbJ{r*ormqa'rurrndr'rdm::ilrslnar 10 n'{ u nn 'luodnucinfiJ:srflqnsfl'r?{un

C druaulnunncir f,uo o n lild': fiCopyright by Mahidol University
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t

I

I. Bifurcatiotr
2. Ridge ending
3. Enclosure
4. Ridge ending

5. Bifurcation
6. Bifurcation
7. Bifurcation
8- Ridge ending

9. Ridge ending
10. Short ridge
I l. Bifurcation
12. Ridge ending

I
aJa

d2ntlrotttaun

L2

t6

L7

I

'1
,5

6

7

st

$ii z nunrznnJiourfi uunr,f, r r{iirf susk d rfi u ldnrndo 1 ud
AoAtS

rfinrr qfiunrefr u {firiiot o r{do ra.rdu

dilf , Giminatistics An ltrtro&rction to Forengic Scienoe : 416

rlrums

anlu

00dlnfl6u

o-.lnqu

eBrree

[00:riu

ilrsmnturordsrfrurrn

rjrcffislnu

druzqnfi drililalfl ilurst: gtuluoffi n:mtrlisuffi su

to-L2

t2-t4

8-12

t2

10
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t

I

lufl rgn nilro{1u Inrernationat Association for Identification ldlfirar g il

lunr:flnurrrdrnou'ir dru:upd'nuorrdrdqfi,sudldnlt*:rntiliiuurfioudfiuodqnnrt

rfl unirln rtrldrhiarl r:n rlru unrireirqnd'l n cirr ld

Inuildnfirlil lunr:n:mnJiuurfi uuarofirr{drfio 2 :ott wdotfi lrJrruuu$ou

fiu fl{rurulnd'nuorrrhn'qfiraud!'rnnCIrrnudrrr:nt{rfiuld usnmnriudollrifirfau

lnudfl nrrgnncir.rd ldarrr:n oiursld fingdo'ilfl unruf,uddrfot oqnnanurdu'lfiu

s ams ( 1970 : z r g l ldnrimn'l dr ur ulnn-n u atcdtri'q frraud rirrdofio un saur:o dr

lildnfi.rnroo1uriuu.rocirdrln luodcrldrlrnunl{ to 1n douldnJduudlu rz p dr

nr:nndtu:updlfiunurilisutfr uu ldiunr:n'nd'rumnr$r*u:nqnxdruarsf,lddafi o

dr rfuft n r:f, nctiro sfi c?o durfi nduodrq 1: drn ndrurupdwlf,'lunr:frqt riqn n n

sams ldonci.rodrndt?.rdldfirluurdrtrJlurlrunfrionntnu nn'rtfinruqldnr?tnunru

d.iiuruoii.u-zuriiiodlufinlnu drrfluflnlurlruud'triu dtlugld"lfifluoqtlunr:d

rCo{rhn-u{rilsil'lt Hnnl:n:rtf,qtrinudr srur:otirupfinuorvdrn'qf,raoolnulod.

foruhldrf,ro rz pdon:lfiunrsf,lr{drfotsr{dolad'u ueilutosrfu'ldrlrtun

lrn:grul{ ro p rirhfurnlildn + p ftldrrnururd'ngruduunl:rnou nnRuflBU

rhndr{dorerdufi ldnr:rJfirer r dngrudu r fi lrinu hiirtctiludor?rdHutsr;riood

drsruflul:JlddrldqnrhnrohJd'r ftdlunrqlrtlunfidltiarur:odosrhd:{n:rrflrfinu

arTnuld

nr: d usin nJ: grn ndt fi fi u m:!'lu tunr: rht undrurupdnuorvdrdq frrau

druiul#lunrsn:mriliiuurfiuilrdofrquiqnnndunneirsfiu Dmtrmeijer et al. ( l9B0: 6? )

n'lldrhnr:dr:rnmnlldtrf,'uf,toldtu:u1nn'nuorrdrn'qf,rsufiudriio, lilttuuttnriio

Hn nrstrn:rs#nrafifi uanql#rfi udr ucin sn u, 1iluuu un sfltftru odi:fi 0< finger facton )

rfludrrtuundrurulndnuar;dritgf,ffis drdrurulnn'nuosdrdqf,raurdorfiuufiuii:fo

llsliiorfi z r?r nudrfls'n:raru z dnuelr 6o ( r,+ ) $nc ( 23s ) 6lrjmcdulrjlddr

{ruru,uor1nn-nusgdrn'qf;'raudw1f;1unr:fiqrriqnnnrdordoIriulrluuil , ttlf, un; nriu

a

I
{o{il:crnn:
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a

I

tlnnr:era:rs#arsdrfolunrujirrar rCoflnurt urnro{aruf,lr{iirf o Ganem

sizeayfnonr:fu{turunrordul ridge cormt ) nuoulud.fo:rr to dr nu'iuflncrofirilnds

rritfiu Lso.u+l.2/+ rirurnarafririrrsdurrirfirl L4s.74rt.3E drinluunncirodrfifu

drdqnrra66 (Visookosol :1980 )

tcuuat2{ttroufluriarsduuoodnTufiEi ( Auromated FingBrprint rdentification system )

lunrrn::oeouf, ur{n ruii'rf olnsl#Son u ( Man.al system I ri.t tudlu nr:r?rr:
uuqnnnnioCrunuuilr'rr{t1ur0nar:ur1#uncrirsluuuu?ilr:e{r 1 doqnrh;i61nna

ro r norn criiuuil:sifiorrqln: fi&nrdouJ:vauilq rrdrfinduodr{ciordornn o n!r
ri'udsrJ?uruorudtiu{ufi ocfi rrrndu fl qnrrdor{rfiuroner: flqurrdor nr:6nrmnrud

rfiu flqnrnr:flnou:udrufrddhurJfir3finr:}ltifr'nuslunr:furduarldu rirunru'iu

tulu uocnnl#rir:riafirrinrsfiriio iirtruru{rfiuulndu ili!rumurdrriudu duf;n

rfiumnar:fi&douriududrsue.iuer:uuf,ur(nrgiirfo nrrrcirfiunsnrrufinnnrn'[unr:

n:rmoufi ogrdnduurnhJd:u il:cnoufiunqufi dffilunrrdruunil:smnnrurduf,ur(aru

iil Oodtdo gluilqriuft i{o {doo{r r n rn:w hisrrr:a rhn unnsn ;r6ont o r n rurdu

cir! "l ldrrnrfiuwo n{rd1n1rn$cirfiNnr:ir'anriunrurdulfirflunrirlnd r un;nrir

tjou t rfruddnn'rbJlu:run;r6unftflflqrrlrnlunr:rJfi:ifi iirhlndrriunauuriudrgn

dodrduoqiftror:usir o$.ludrr fird{tt5rianr:nr:riurdu bnrduniruuduroru rfl u

nr:1#rir:riatio u iIo nrafinn n rnldr',nrJu r rfl udu
.et Jo - a A i

runilq?rilrdmqffi{ cl nono{r,omruuiuth n:rrgndouriluoulunl:n:2n

a o ur:Jiuurfi -tdu {6.qn n n w& nr fl o { ueiqamrn uufi nd'uiluJo irdudnna uilu drdl

tiofriJ*ntlrriorru,n,r:n:rffiounjluudsudqards.rC.rnrorf,s$rrnu drriJuu:r.rrud

firilr:rcirrdda.rfln:rlirfinrouruqrrfrssilu&ritu ur*,rr system d,rlusir{il:crfla

rhdrwnor0rut6nilrm,nrruud,,ucl.r-ulilldrndorfi oo'nlurihfiuunudrdu
<d e a tl a, o e s^1. flqIAmU2nUt3uiln1tnr2idoila1uT{utlu?u00n tul|91

n:rdr:znlurJ:arnolnqj 1 rtrlan niu auigouinr o-rfiqu rlfirae

dtl, eirqfifuubl'nruaulotursuunr:n:rneo:rf,rr{nrud:iio:guuo'n1ufd unsriu

1t'irnr:n:rmouf,lr{nrod:fo:guudsrluu-fi Automated Firye'rprint rdenrification

system fliorisrdo r ir AFIs 6iodtfluo.lrrr.ri{$ncrfluuqndudlftglunr:riodru

;

I

rhruil:uroffiq1n:5u luqnflopiu
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a

t

drn s.:tutt AFIS lnoldnqufi Mimrtiae

ornnr:d,nutJr;qurnrrunsiinr:nrcthfin ( Mofr$ op€raNdi ) dinr:s?u

r rrldo g nrdsu fiu n'n s orsif, nr: nrcrha zr rfi a n n o ntu qil fi dfl o l a ufi udl n o dl rnnlddl

1l o nsrudrfinruqriufinnrluuuudoi! udrrlrudnnrirrflururu unriinr:n:;rh

fiodl'lffinr:risuruuuriloilriufinunudu rionjrunud:;r1un:tr ( M. o. card ) 1#

duilrsrnnnfiazrriinc{n .l riu riuntlfiardurfiufinirlnru, nllfrnrduldunind,

n:rriinnrrfi f, .r nuor2rrr oun Eouffi ouriulru{o qnwnugudoqnn nrfl unrildlfl un u

unsfitnrrrngildinlndr;iu{riuurl#nrmd0il:1t ng6sa nunt?ottouduurlmldunu

ungiinu Insnul# M. o. dlnohilunl:6udud*z{n:;rhnrrrfinuriarruofiiodr?

nrinlrucaumurdrft drnuhu ludrunrrifufl ?ufi oild?u rfl urfl oldoqnduiiugru{

dt{nr;rldnldotinusru .l rdomrnnqfirnrruwqilfidotomusuruorildouurJmhJ

n1!n11nnluaffrn'rnurndou rdsruiiur{iiufo lrinJdsunlnrflrurroldtiudzrpnnqf

rnnfdalurrnl# iinrrlilrirrfianpf,uf,iirfio:uu Hery systm uonliurftlhT

f,dumrrnru F. B . r . firfluril$nndanrirnroiizilotorqnnn{ruuuurrudrl{#rofiu

usildodufl $rrltfl u{rururf 0lo 1 drunufi rirfinnzrutirurnlunrrn:mttou#urr

rrnaj?rranrudidlurunluiundr .1 rfrhf:;uunr:nrzoesuCzofionuritrfiannu

finuarnrnndu t qonffiro{uuldnrduriusu lastsnrssdrq&nuilrtornruiirilo

uilrd ldrmrndffinruqrdrnrmaouiugrudo qndridruruiirfioft u nrofiudruii:Im

r;uuiioauft rfl urdo#rfl utJbilC

z.mrdrvutaundor AFIs l nalfiqtriui'npu 2s9:E)

#oon .oumilufiizfodnluifri ( AFIS ) rjrcnsudrorsuutisu( Subryrtem )

{ruru r tiru rnruiiirdudud::nrudootarnrrf,oudoqn rryt snbsystm ( r -

SIJB) Fnsstrint Roadtr (rn) tgfufinnrntolnrofilr{dzfsunsa6fidoqninl

r.iu pdnuorrtrn'qiinu dlrtonh Mr'utiso l l""rodurotdutoln, f,lfifrfio

t

I

run{ rafopn:ldsrulduu,nssrnrndu f;l:runsfiundldndreutrdr ) rnrnt'tll

drriuf:;udnp lrrturtas

fiolCftonnurinlrgurel ilt

udrwgntir bhhrnguuoonlfi

in 1 nngerEint Readsr (FR)

iurfiiouriunmf;'u#iirfo to

r-l!
SnrTtoolun.ton!ilu2
J d d.u2 tluogtounilo1u

Fing€rprint rrput Mmittr ( FIM 1 dlrflu1#rdl
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t

e

u rhdwanmfl oun'nrl qndo umvnuudqurfltnrn{ o I nr,f, udiiaf o niu r ri.rfl o u:rs

a cr6sntdurfiur{rtsqartrf,ufiiefio

r$oarofirr{if:foldriruduruuruonr:tirulou FR rac FIM udrrToqnw

qnrirl:J&:suudoo{olnr:uJioilrfisu Matching Subsysten( M - suB )lu M - suB

.f a tf,aAil n run1 il u?uonn:mf, onorqnnrru:Jiuutfi oufiun rof;'l r{iirfi od rfi uo{lufl r:ulr

doqndugru ( Datu Base ) radolionfrntos M - suB 6o FingprPrint

Matching Processor (ITI[P)

FMP *rrfirdnjioutfiuil Minuue ll o r n rsfi rr fdzso d nrrtasu fiur?o q a

ujiguffisufiurdu t nfisioildrurfiMimrtae {otnrsf,lddriiodrfi uo{lud1lull

gorludqotsf,ud:rulru cndidate List dlrfluriqinr:lfnsuuulolnr:nJisu

rfiuramf,ur{dr$odn:rfiuamf,ldiirfon:2ofiou ( HIr ) rirulrqiudrncdudfi

nruuuq.rqnlu Cadidste List

lu nrrdrcilrn rn n rofitdif'teoffiurtJrrnguuno tCsnruacnanlunr:d{tu'tq

nrsf,u{iirfiotsurn:?ttiuduriu dogndl#Yutrn M-sLIB orqnriwiolils'$suu

dOotolnrrilrnn'uUrtomrn Digitll Image Rodeval Subsyst€m ( DIRS I dlrflU

ludo,nutf,rridzl'of,our{# I - sttB wrhlrrfiuinurlllu opticsl Disks

ruacnrnrfisi'rdoru.trrrur3gnnnhlrl.tldcrnoannrrdodolm: lunrrriun'nnrnnruf,!ddr

fsdtrrfludwdol'l{qrlnsoidltisndr optical Disk unit ( oDU 1 rhrulno

:CilU l.as€r

lurarcdldfl {aul#tvrtrtorn s u franoilr:hslunrnllouduunndnuoudm'q
a I a r dc nrq d€-------€-------.^-^.^s-.-{d^.s^-.^--*g^-^--g-. ,g I

$rfl ! amu:rsunt urluldlucoudrfinmqrfi uufiuaruf, u dd:fiot ol{dolaldo dscio

bJfi

r i' et ar., ( 1s2 : 305 ) 1d:JrandiinnnJisuffiouladnua$dr6'qf,rnulaold

r{oiunu'lrllrn:m ( Form prosram l d.rna'ndti'lunr:trlisurfiuu6oncruudldo,tnnrt

nJisuffisurfin < typo 1 uru{u2utt0{lnn'nuor;drri'qfrmu nnmnnr:iilnurnudr

arr, :nlfldsr arilud rirn oh

l

e

47423
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I

?

Goro u6! rkemoto ( tgy2: ao ) lCila2unultnudntdltolR0!fr1n0{ti, uqnnn

( persood cqmpurer ) ttnrnrlrlilndsorluzi ( grryhio softrv*e 1 dfltrunruilolnn'nlr

daurjnudol#lunrrnrmujtsurfiouargf,uddriio lns coto rtnr Ikemoto ldlfiiz

f, u r{nuun:snrulnuiin,rnd.d-T nriurhnr:ucnunrntfiulllunolf,lns{ ilrnrnd

Cornr:n1luurfi surndoudrorf o urlulillruutonotfrtnoi tftfio un'ufiuldnsfifi$anl

drrflutoqnnnnurf,urfiu ldnnnuo,ululud.ilouelqrfiuufiunrufirlr(iiliiotol{doleldu

Iaoiiragrfiu nudrlrierrrro#ouriuriunsf,uamdrhildrflunrodriiotoulnnanufiu:

fiu uo norndfio ldn"u u fldnrruouduior un urduqudron$nJdoufl trndrtfl utrr un r

orntrtflud.t ( revssod nns€rFtur ) udrrlrnrrn:mn-fiiourfiuud2ufiftntirrfiftmldlrn

niudsrdu

Euiiziioluao,udr?mmq

rdo$rnnlsiiritorfl uinqno,ruddrfrqft riu fr nrrnrrtrfiu:ssnrudrfioluanru

drfinrnqftflnzrrdrn'qu,n dsoornrsonrodr$olucnrudrfinruqrilursstJ:ctiulnuld

tfo un sdluilrald.iro ft {rrfl udrcdordrmnrtoultt otnr:rj:sfuodrl n;rdunris ud

tlnrmfiu rn Jntrnrmrfiuriufilnsrdsnfi nua:mrfiudrnurgau

luanrudrfiatrqn'nuatrtuoruou',ud.ifudnufl z r1::,nr 6o

t. nruifrfor&l{ (ar€rlt Fingsrprht) lolhiriiuld.irtldztlnrnJrir rdu ilun:tnn

ulouorhirfi urns tduuun:saru

z. nrsdrfodlssfiu eanent mngsrprint) rfiuldCrunrnJdr rilu z tfin tfinu:no{

'lunnrn z iifi rfindcollunarn s iif, tfluduquuwrduiol

tfiau:n niu i0ordour6on fiioufl diuutiltiu 'lun

sfinaal niu iiodurfiuult f,ud1fu

rri{rfurmqurlriruldrnhsonrflu s rlrgnn (Forost ot al. : 342 , saf€robin L9l5 t 4?5 )

nl
n{u

r. nrodzilsduosfiu ( viriblo prht )

:oonrsiirilodroqilurfrulnqirfl ursuil:srTutoriirfodriioudlu rdsn

rlt1unfolt ilnfirfinnniirfsdflritonulotrrrCu .r finodlrjeluriainq rtrbfilnT:tiru

mittorsrrdqdnuurduqunuou*d.fohlft dufirtodnq uilurtoirnmii.fodrJrrnq

6s tltomr:dftnoddrduqu{Nnrsdrilo u,oofonuo,nu. dil dton fino{diirfo

+
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I

I

rfl u{ruruurrum vlnaa'ruinorrduior rfrhTnrsd2ilo l rdurtru I diltlnquuinqwlriil
d Ja , ia e{ t-!^--.---.-----d-e------s^!-----C-d !il{trsn2talsu?uondutl l neveruat Fingpryrint ) hinu:sonrufi2iionniudfiraufr:

rinnurila$rdrut or:oonrsdrf onf,uiil teudrfrulrlqinol:aorfl unrsdrf odn6 du

qu riurduioo, uo utd.ilounninn:lduurduqutriltrio I mdo

z. nmdrilodrfinunnr:rJ:cfuuuinqddouril ( Plastic prh c Improrsim Finrt )

rot nrudrfoilwriuuuinqdiilunrlritlartiu rflu:sorJssrtdhi

trd'uaro r;u rfisult Inau Furlliiu t m ) tuu n1i il rlo rJuftu#r utii.
iiodilnnquuinqfiriiufiorduioqor omdriio

g. arod.fsduwhiriiu ( rrr€nt Fint ) rfiarrnarrdtiussnurorniounrdo siou lt
riu un ;lt r?utrnrdodofirnril

rluiuroon*d.f ud u *ril um crouarudr$odf mrnnrtrJrnTuuuinqd tiouril

w.iruionr:gdzonlrftir nr#ruunroiirfodrorhirfi uriuuouilu#:snrnJdrldorn

druurnroonruiiuiisdn:ronuluttslud,fiornq wrflu:ssdrsrlririiudrsmnlrir n

rfl u*irufiosnirtfud rlaqfi udusnrnjdr

sishJtlun:ddnrirzdsosorudrfodroqfi u totfidrltn:rriudriintrullot2ll

r:nrdriruhJ ludqardonndruhJamiililorfuworurrulrJ nrud:souuinqwqnrhl#

rfiulillnsrrrrmfi uor nunJCuuurluodtni.dutfrirn:bJf,idaqn:oonroif.fsrfu

nrrnJdouurJnrnrsdzilurphluaorudrfi"nrqa',t rrauuntfludor ft dotJd

l. fiamnnr:njduurnlnrlnslrrunfi

nunlCsuuiln r nrsdrilodr ssilurfiatrnnr:nJCounlnw odnqdrssiitilotJrgtTu

odniil nroiirilsdrfiamr{u dururtundaudld.ir,, unrurulildrflduunsnu orugd

o,roif.fuuudd*gilrslddrqorrq$qrdu o'nrmzrrrirtornrruJd,,urnJn$tdufiudld

u'rnrsnut'rnnrsuondru du nrrdngrlonr:ellfia

nrrnJdsurnJn {r o{roonroifriiodr or birfi udufiusnrnt orinqd:uoii.f orJr gtiil

snrnrfouhtor{rh;furounrudzfa niu rliurs qsmln nuocltd{uosn rfludu

bJdrr ounroii.f ud,fi"ornnlrilscfuuuihqd douriuCzo

lotliifui n*ermrmqnilr*orli.fiuloaorffi rfi oruq

u drmndarsifzf o gnrlrcriun$uiizlnqr oonruiilils riufi wnJdorunJn{nlurtu g

e

I
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o

t

rtsultrornrnissfir niu u:#l#na rrsrnn'tdnn rfluCu frnliltoilolnuufocnrn

u:ndoldu 1 lduri qorrq0 o.lrdu nl Cu rlt dlu rndng lflu#u r,ntdu 1

rJ:rnq nr:aiurndriu#nt N nr:ddsumJnrfaur:lnfit osorn rofirrlud l o llri
rifu 6o m:qqriilon.rudu dhrlrsriunroduiiouuinqfiulriqndu nluduoztioul

rgrilulil drrhsviunrsdziiouu{nqfu qnfi o.lrdnuu nornwi nr::srrtlrtdr &qnqn

furfi hJluinq#ru,nqd,uoruuorsii:f odil:sriuuu$firwnrrofiuldfnroundruulif

udrornnnrurhlu$irubJ uaEtgiltr{rd[ufianroiizfoldorndugsgt2smn-lnrflJ:ctiu

irulrjurudu

trnnrrdrlfr;rua}J duuCrfluardt-uoonlrora'os f ui#: sonfitulu

arnrmcrfr}fltrTuoonf;la.fiflufldruufirinq nrlrjdourujmdrdtstn,iruuonddofia

omffi f riuwrios .t rsra:ru nutdr{druluourngtilnnrufl uil drlilua rdorzoniruhj

ildrrgrior, 1 ornru uoaludqanrshJ

rsun mdriiadr orlririf uuuinqwfl nrrrildouurJnrlnwrrumdrrn rludqnwilT,

bJ uiurn:drioultrisanumnfrsriinurlnntJ rf rbTroooroii:fofl orqduuruni't

rnrnla?ftllgnruilnfi #:sdt niu mtn:milunrodrfouutrrlnrnludnrit ro fl udl

qnrmrJ:;riu drorn:1#rHjlunarr;udnoq0rfluu rrns'lnlnlrlrfiou 6nd, sdtndl

lduri nfinr?tnlrnrudriloluarln dzsiiifiulsniur dqommrnulol{rfl udrt omrla

25 il
z. rfinmnrn:nJduuutJnrlnolrlrd

nr:nJduunJa{{ olrooaruifriis1nsr qudrfl uarruqdrn'qdfi hfrosnruiizilolu

au.rudrfiuruqriilohl dzonrr{ing rfsm:drn-tdu 1 trnnrouon nrrnJdouurJnld

riufnfruroonuiirfiodrmhirfluuuinqiirhiqn#u fir6su lCrrri r,fir nradol

d:o inrl lnrEnril REnr:rru0lndoolruunildrnrflJrcriunroiirforfluqrta:rnlunr:

nrrorfiunrudrfoluasrudrfinruq ftdou;lla:;ftdtslrirtrnronrsdtilo

s. ftCodfltfrulunudrsrirnuujdtfumjnltssooorudzfo

fl tdgd fl n n rnnunlofi or*nrrnjCsumjnw sl:sgnrudrilsd r m lririi u ortron

ld r frnuar; ftd
g.r duriuiirilotssnnnlrn-uqmdzils rdoultddufiuifriio

g.r.r ordilrsnouilTnrunutolrd'moldrils niu lqriu

3. r.2 n?1rl il tintu'ru orun nntEnjr;rTuoroiirf o

a

lduri
I

Iil.lo,
Copyright by Mahidol University



v

t

'|

3. 1.3 rst cnnilo{n1rf,ufieinq

g. r.+ ntd!fiainqdu 1 tliu nrnJ:sriunrod:f ouuicrqn n-rttn

folddlniafrur?r rioinr:r$nrriooon fii nrnJ:;ntrnrudrfo:ruinqlnon:r winn

l#rfi n nr: ujd u u uil n r a ruii't f u d uonit fiulun ru u n-{

r.z dufrunnrnurndsutorinqd:ounrudzfoil:;fuo{ lfirri rioult

nlu!::uen6 niu rlu rll nrrrgou uwqorrr;0 un; rCoultdrfiatrnuqud niu nr:

hJ{nq nnn:;ruciuruoulod.iiowunndnfiu:;rdunr:ir{oultrrcirdo{riounr:

rj:sn'u unv rfiinrrrj:ci'u
gs dufiudno"rru.rduinqdqnrh;n-u lduri orruluuto$rierq nu

qnfu d'nusrcilrch{flreinuncnrrrfluafiu un;ordtJ:cnounttniltorinq

^nrorrdouhrurirdunngirfiulrlnluqsnlfi 
rJiurs unsnm uasr$sultdtdt.

dordrfruunsfrudrd.rnr:nJduuurJm 6rrflunr:srndwnlrlmnrnnr:du#r?rldodrqn

doq l norfrqoriudngru 253E: 1-3 )

ffinniilin:zorfiuaudrfio

ii nr:n:rtrfi unrudrf o fl rnrsffi fl qriuldfi nr:nh urlurnrt4rluur drniuffi

dnrnorf,grfrn-ngruld lduri fitnrf'r 1er{u I iirflun iifirs ffinonnrodriiouns

iinr:tirsnrn tfrulnqiwlfrin:mrfiuiirdur udurn:dld z iiriorrnndr
AA 'I1. 2rPr{FlU

tid,fl ultnrilf;nrfrCol#'ldnroiirfodfltildunne{rmninq lnunr:l#{d[ufln
a nntlurafinn.ludn un;ltfu ( oil ) r0rrnr:dtiu,iruuunolnlod.ils ( r<i* 1953 : 396 )

iiilnar*lurfluiiiugrudl#lunrrflarHdluduorbirfiu unslfinilnondnuu

n:saru riodrodu r?o1asm:dronm iiflnn*lurfl uiid ldn nlunr:n:rufiun'rod.

fodloqlddiuuuufir nrrrduo lnr; {nqnrtl un;n:rufiunrodrfoduoufiu niu

, u u u'ro d. fi u,iiu u ti.r tiu n Sudojo

t.rnrrrhnrsiirilorokhTrlrrngduftuaitnr:1#H{u drfrriludtgdorilrrr
AAno1:oll fio

r. r. r wdo rldn.r r.l ud i iilde fiu dufi rinq rCo tirt4rl'ldfinrnu

r.r.2 lunrddflnr:aonrfiunmifTfioudr dlunrwdorflilinfiu

nrruru ddliliufin n rud?f o urhCopyright by Mahidol University
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a

t

r. r.r inqd fi fiufi'rfl ti o u o mldrlun o d id,riodrdlnfi ld ucilun:d
- J<i o o . ,

{nqfi ii fr ufrrfl urinr:l#ilt rrriotltnr

1 . 1.4 nr:tirufl n rod:f o rpl udorhldrJ:rnqduu rudrdo r'l#n do I
rirulrJrilrauduuu close-up nio ndornrsfi:fo

r.z il:smnto{fl{rlu

nrduueinrrfiaiqoreu:ifi 6s d nr:dnfin turntoltinr.lu nrrl

rn!fiolunrrdonfinfirinqdunnirfiu ( nurod r 1donn$ludtillrgerunclfl#

rr ursa u fiurrn rn r 0{ n'rrrJr criunrs dziiounsinqr',.u{o u*na ln$lu z rfra r ia un

n'ir drrisnirn*lunal Inunrflerlndlu nrur:orliuil un;nrrdadnld firodruniu

n a rnr o qft fi sr du 1 n Inl:Jrdur rCofi o r fiufr1r{lrd[u o q0riloufinfrrinqunrfi u lil cfi n

uwfiatfruto*ndludtcorcuiuri!f, R'm 01n1fl u.lrdt ntur#r riorfl ontorinq n{

r{unard1#rrn6o nrogfrrfiorfiilnr1n'[nur6su

dunrwl#ldfiududriuu lriqnduunrhirilonlunr'f1{nqdufizrflun nrsdriior$f q

wo{luanrn hi{wfl rin udtfttcn orfl ndufiaz:ft lfinft rdurio u

#rotirr rirueral d un ua fl

ildr 10 part Ferrosoferric Ori& ForOo X ILO

5 ptrts resin

2 parts lmpblack

tltrr 10 part fiEnium dioxide TiOz X I{rO

5 parts basio load ccbonate 2EbCO?. Pb . (OH)z

5 pare resin

t.g rndsrfostirrdurJwnaufiu{un.rrnfi

affsndrnrJl#unu Fingerprint trpr lffi turnnfilotitfios gh dt InutJnfi

'ldrurnn{ro t ii. dodrfiqdorrflurnrldhirirourrns'q ff2urt?rilu2ns.rnrrddnrnilo{w

dr'tfrlunrdr6noqiuurndotsraroifriis6nfiurnrJrCoitna{iluRtsnluulur{o{rcioltJ

rflunnrfir:inur:or:osnre,driior$hldlh:cscrznrururflufl 1 ftdnrirrurudzrvr:Jnr:fl

rurnn{rotirfiouldei'nh sndr rCorfiunruiiufoldatutf'ttil drrfun:darsrhfonr:

l#rnrlln qj ndrnird u r ld nlo o ruo'm um n{rr r dr lTio fiudluuriun{tnrudor nr:

t

a
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a

nrrnil 1 ndlutfinirvl

I

I

t

Am f,
an1t0 n

nn

fir.uegqnrdnflu nnu dt{rm'r: sldrjr:nou

tula
n1'6on

nnfuiaq

nroqii

rilsrJ

112

t{u

6un nnl{
It{un 2.6 t RoQr|ruouua

1c

rilsu

t12

rt|1
l'!u

f,ilru

nmtl

nnN UA 2.6 irn,drirutr?ufllt

nrdl u

ih dr
a

oou

doudrc

a;tosn

ihlnr

RqTl

2^l drunmrtornrfuou

uuanuncnnHti

nrdl u
)

rhnrn

I
iijo

I
oou

dsu{rl
-63|o04

fttru

ngli|

5.0 ?r{ulrrnril trlr
oonl#

eril u
!'t? IUT?

I
oou

risufir
ilu1tl

6thil

fiolt

3.O fllrtcursrdNtYrnct

oonlcCriuuir

nrlo
lnu
rf,ou

nr6sq

tiou

I
oou

U1R

lfo1u
t
mtTl 03 eijoftwwlnf<tnln

Iftrfisu

6ufiIn
I

lt?{
t

oou

oSto0e ftlxl
ftolll

oi ounlnnu

lrhniudoriil I
I

fl{ru!
I

MNR nrnCr dou

rioufiq

acGsa

-i E.0 nundn6rnnlrrlori

dunrfuou

tofrf,
uunc

(sP
Elmk \

M1
I

oou

rlrunqrq ldf, 4.0 flrflcrrcil{rroqii
riloun;nratssndn

drr , norfrqtrinfrnlru 2538; t
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r.3. 1 nrunlnuuannzddoqfl ufl 6nfrr{ud$ Iaortnf,l#iltrmr:

i rdo n: mru d n ;r6saun s riu hifl rduurrn-n S ndr utr dr n r: fl nsn c6 uer*r. fiua d rrn sd I
nunrudrf o iu r6ou fl {rfiuoroiiu ilo'r n.r nuu"tuddnrhuiuriuuuaufiiua"q"dnu

n.ro du iisuuinqud o #iu 1{#ro

rs.2 mh{ruirtf,n (lraslr Bru8h) ldrrnuurlrlt::lnrld lun:dl

l#lun$rdrfl nur d nrilutirunc r
r.+finul&rdlu l6uri fin,:flnnrduuwfiinrrndu{u

r.+. r if; nrrfladunrudriiar$lr

I (r) nlrrduudrnrlddudurilo$lrfis: stirldrJnlufiu arrrhndoruum l

l{ddrrrfl uiilrftrrfrutho{lu wriionl{urlrudnrlrCrotur?r tunt$on rf studu r d

l#fiurrntor;durhrlrqidrdzwuunlrirnoifi ulstudnflnrir rnfsnt;iro utJrrturn

lnqiwdun*r uwrrrurrofiandluurnrrirurJ:wudn dltclf;l&nfiriunl{unn

(z) nrrl#al uuri fisu nrrrrrrarqfd rirriatal#lurnnrfiulrlo{raro 6r

o.oiir}ffiusndrdf, ntirrlosrfi ubjfi rfi rldnrgus'r

(3)#;ffil;*ffi 
lr;l;*mrurrrrmunrluotirrorurh*i,nr1u

- 
;***:t#fi:ordlunnausrr 

rifdrrorurrrum;u'l

(t nr:ilndunrrlf,'lddoqrisuua;1f;nrlo$rrucduuaafranrdrl 1 riu

omtafi unrsiiriior&hldnn'trim}fnuilmlulCnnfidldu

| (6) nrrilndlutfilarflurnnuriou odrilmznnurdudoornoruilrrng

:1:lT 
t tlr r fl n hJnru dnssst o rrJrsn n n nlils dr urh s o nluqi 1 r

n. ldr blitntjnrrd:u1ftriu
t . !-nil210 nrrflanunurdunr:rfutrntourdudnrdl udru r1u

nduu{ru6r

o. dfuilotr flnrflutnnlld
(?) nrru*rurqrfludrdaraq,nrlrorrfuCufizhdlriurilt'l#nanolrsr

I d.ouru.*nrlrJn:rpdnritt-irlt;inroif:foud{ $nsnodduql#rfinnllduhlunu

rorufrrisflnfiuu?nsdsrfti ( sul:;cld rJn:nurfl x,rs:te-e3 )Copyright by Mahidol University
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I

I

nr:rlr'l#nlelu6ndinqd:srnhl Inunr:fl nntnurJrq:.lr 1 n*luddndrlnrurnJ:r

ocdnnrud2iis uagl#urJ:.rdldfirr.rilurdorornr{udrufiuoon ifnr:drilurca!fiunr:'ld
rd<4A4H{^un',nl:uannn 

r.+.riinrrndlr,vlu

riluif; lcinldlunuuinqddo o nr:rr.onlu,ud. f s r6ulinqbJllur r rCohTlrqdu

nrgrr0ririnqrCol#er{u6n:osnrodrf s,ra criorinqrCaromr*ludturfiuo o nldfiu

n:sa1u ilnritirunrn orrulrrrfr.nioinqdudtuduudld'it iifirurl rdlornlrtn.r

r.ludnnrodriiolnsnrrfiinqrur 1 drurlnrouil:rdflnrdlu ldurJrrdhifin*lufinf,n1#:ou

arsiitiior$luJ:rnq nJruioriunu't#nl{ucirurfiuoonbJ rulr;n'uinqfratrn1u rio

fradflnrurnflor

r s ii nrrn s nurudriiunrur it'c nrrfl nrfiudrun ldlu

l{rnrJronncfiu rfodu r dffi-luntruunulod.fs niu rnrJla rnrJlufin rnrJ

nru uncffi'tftrNfifiInu tdtffutnqftriuu nrsalu:o{Cruruiit2tslrnilmnncfiufi

tlCr rmriltm dnqldrumrrCoucmfiadtuuutolioqdgnrJ:;furuturudrfio lns

lridrihft uuut uo nrodriiu rdouandrnrodriioil:;riuuuinqodrr 1: rdohinqqn

21ir:'nJ rpruudrutmr ordrud oqi lnnmn{n:rotfi uo;qndao o n

rnnfinnr:cn, $fiuTns'lfrrrjla nis rnrjhfin niurdsrriunr:ldrnrjnnnsfiu

sdrl:finrt ocdolilr{cqd,nulraulunr::oldrutrils:rtoltnil doulou9orr:Jruririf

l#aonnrudriioldfinirnrilronncdu rdon:ztrfiunrudriisdttfrudlriuu$ooudr nr:rh

'lrtinqnorunn'ufuanrnrf,u'lnunr:romdludfininqoon lnonnqdzsrirfi loflndts

rrrJ:rdrfl os % rirorrfrnrruacorndqm:E# uio 2 - s eo rira{ udrr$nginqnoru

drtriruncfirur{s 1 norf,qtrird'ngru zs38: g-12)

luurnrdnr:'ldrfi Nnvluotirufiorormsft lrirlrh{rii uarurduf;nnufn ft ldfl

nr:fisurnl{urfinriourarldrrl{ udalfiidronrn'ln0ldualqon:rh'lo#q r*."riotut;

fioltfrhrngnrurdudfnrorulndu ( chapel rstr; ns ,

uo nnrndrrdr& fi I ruift drdsrdor ft cia hjd

chartes unu connor ( rg74 t 662rr;5I ldnnnosilnrfiunnfi.fiouC.rdrunl{udr

( C blaok , 6ge black; Inmormt Corp ., Cineimati , OH 452291 laoffiUdfotjflnfUfif

I

O
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a

f sudldrfl u.uto tl au rfl uu{l tl n u uin;auudrri'larsdtiiourluun:nnalnC
g reiu"l u, , d. 6o iirfirruiilotur , if'r{t.', , d.nu.ron.t #. t iirfo'idtundlp
a .,t d ir

rt1nrrilnmilnruu1lotrrhfi o:prdorfill{urun zu 4 trtt., A lrrt., 72su. Insfiulfiud

ficldlrJduaiagnuo;hiinr:nzuqro.,uduuurqorr4i rhrngnndrnrrldnv.lurr'tu1to

nrrrrfiunrsiiriiourhl#fu ss.E Eo ru?tcrfiulfulu ?2 il1.

rhmas ( Lns : 83-135 ) Col nrrdtsilnrqn adrnudn$lulrlrnrcfind u*tduriu

6nmnocl: frnrzwmrrrdrunrunuo,niuorniiziio udtduoorntniu#il:rnquu:oo

nruiiriloueh#rJ:griuarlrj r nir flrjiurel 10-' sil. drrflurliururdfiuorro unslu

nrdofl ildeurj:rnour arrim'o sgs s ft riulunurrnerrdrutuo,rlod ldorniirf o 6r

1#1fii1#omrarTa:ldqrfordotfrrluuonrln 1 olnriufiruldrilouncdltilorJmriu

nrutn ud:rhlrjnrzrurnzudrurrunudrinrrudrunru 1 - t0 lsliirnoi r,ntdri{.rt{

r;oEnnrdruhl + .nl. nrudrunruwtdudurguit tm ft aoo lslfirnsi uwfifldr

ardnnonlrl dratrdrun'tud,fi-lCfirrirnnrdruil'ruto{tt'noEnu}ldarfiotnnolri

0.1 - r c ludl nu$nurudrunlug.durdo fl nr::;tnsnufl unotrnurldrur'tutto{tf1t

drnrnltriu ungflnzudulscir

n nrn:iad ldtfifi u'inlwldfiut o. nrodr$orfiaornnr:rtlsneftnturtil:l

rhlfihlw1h{fl rfroonur ft riu nr:dnrdluhlrnrgfiadnrurduft rfinornrnqii{Azdutsr

Memzsl un; Fotr ( t9B0: 151) ldnanosstiltfosnlrdrriunld[u ungdrlil

ilnrssnrsdzfioufi drfirnismrrwfin t".- rudrorurdilrlrlngfnnulrnndmrrlf

erdlum:unr

lutliisriouldirmrltsrnlruirnil nrlilflunrsffi.onlu*d.fouft urirdomrnnl

ruirnfi ndrJ:snoildzsnrncdsffi srfan;rdu nroqfrflou tum t0 llnrou dllriiqor

srrif,rituurirudnntrrriunrdrilqorcrrihrfluruinrdnfuurn so ltarou rtrrrl#rfludu

tl ( carier 1 dlronud2urolfl { nsrdsndrdudwlrlrnr;finfu sroiizilaurh nrrddol

ffidz n rd fl n'nsor# ilsrnf r}&liursn {u6n ldrloo o r n rsfl o-{6{ lCIl R$ta1 magnodc

ftskos lrtd d.rflqEau:i6rflunirudnuacoar6unurnhidollf#rm hidoll#rnJrl rh}{

d:unnanudlsursdusrufiarrnnrl#urJ:r ld 6 nri.rft *rlnrliumun*lu6nldurndldu

I

o
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o

Wilsiro tl6J Hurloy ( lg{E Iil ., 153 I ldilr magnotic tt*s, durlfiunr:

nr?tumudriloueklu*rnrsd fl fl uurdtnrr"luCmnindu dlrJ:rnndrl#l#n nd

$ffid.tlf rse - erfr pennanent magnet tdoq"rul magnodc flakos ndudu

wilsttoo ( rro6: rz ) ldrh magnotic flakos url#lunr:nrmursdufiorclllucnru
da
illnnrufl

-d.., -a 3 .l2 2lrilsn ( 25U',lUTnU )

ilrbfeurailfiaduraonruiiriioduolrfi uuwusrlrirfi u rCol#rfinrn:uldouurjnr

riuarrdfiroonurnxdrfia rhlfronhrnnuiaf;anudu ufrniuf, nnrnrounrodu f o

fid$nrmnrarudzfoduorlririiuuuinquoru rdu nrEnrc ld u3o Inuc

unmrzsfiuowii.iiudussfiu niu or,,iiriisdisutdu"

t

u n'nrmt o rfi nr:rn i : o rdtJr;n oulumrm i rlnl$rforfiuar:il:;n t #tiru s n

rrnrod.fs#orfoa uncrfrhfifianunjCuuil

z.r riT,Tnfl

rirornidlfitrhjldud fiulsniu fnnoflun:n rfludu

iirtr}fanrnfl finnrodrfslfrinr ufa rir

z.r.r fitnr ndnqotirerirrausd?surhr 1ud:sruu ) dtuit
srrCsl?Tarln fi fi n n rudu iis iiii drn u rc fiulnq:iuln qi

z.r.z iiriu rilinqnrluornrisnrnr#flrirurrofi fiidrnrrsfiu
-ia2nqrrumn

2.2 mnnnnrudr$orJ:rnql#rfiu fiftiobJd

larmilurarn ($hen Nnrate )

rndolucrrd{uuunulnniirilo rlrrlfirForfiufnrzoflum:n ldfinnodano

lrdiilmuorrfi uldorndnrnrnJdr dqnJduuduiilrirnrardoldiurarqnn:rhlonn

u3orcrunn ft rfu rdalffinrzofl umrnuduordorrhlilurfifrouarqunrrlzlomn tfs
ufl{tlnn

rdon:rufirnroii:iioCmitrflunrisufosufir nr:rhlrtinqnfrufiudanrntHr

risunrl#err:mfl d$isnirii Roducdm ti n"anor* wsnnirlfiutjsrurfintsl

a
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a

o

er:raiidlilununr2trlurii.Su drniufnnsfl urn:nrlrlfinqnn'ufiu{cnrnr6rld

fau udinqluei:n;slono{n:arhniou z q' 4$nfutltrnntnrhnisu z drulas

rJ?lror ngnlodrodlr$uuiqnf tm rizulnorJiursr uls fiunrnruxornrnrinniou

z e6 luuoanogsd n3ous"luc'rgnsar,6ufrrlorlsfisulnlodnuln ( sodiun

thiosughalo I ufrinrnur'lucrrnrnr,6u#rtor lsloiu ( raru I ufo}Jftrrdoud si
lsmluf ( Pohseium fery cynido ) ttd2

f,u'lsa?u ( Ninhydrin )

maoiilulutouiilsdjrnrt duso nur rlnlfirForrnfl n'ufiulgn?u un;r#suil

rfl ufi riruirriu rdsmrrntrloudrnrrnrnlgro{n:ns 0Iu atugoudrdlfl ulunrlir
nr:rfinnroduiiolur:nniu r iirnfomudl#rnnuprhEa.id l#rnroub{fi rulsnmrrr

nrsd'rilo{ru?uu1n Gl

nroififodrfiarrnlirflsnfid nrzufiulnsnr:riuitnnrndrs rosnrrdr$o

srrrrndulflCrflur:rurznrrdrlnsrioduorngnruilcr ung?iodnnfidmqrnnrefin

drnrudrfoldfuuamrfind 0m1fl $a: ftr{qon:rlzlornn rsunudrfowidurs$fiu

hif,n rdomrnflnr:nJCsunjnrnrunildsrznrdrubj ftdrrfludwdsuiuilnorntirull

$rirt:n

rlr}finqnduilu{snr;rfirtorfiulgaiu rlrldlnadn&orirdiirdz#rsssnfinu

" oxyftll " < titd$uurnrrnrhJ 1 uwrfrl#{u ufodn#ru s eb usufilrilorl nlorir

turirfoud 80 o{f,llsnrflsc r3o unn'ir l noriiqorinn'n1ru zs3E: li} )

deuuuifsdurd,*,rdor flft io hld

cmor <tnl: tfiB) ldnnnalldlsrri|n (stom i,m1 lun,:droriuliinSor

tsqnrrlfiil 0i% trty&rn lu acemns tdu"r.omrosnrudrfomlflunrgmu lau

nrnJrsrftrnruiirfeuCuurngmsudr r p pndolfiiriunrluffr:a;nro ntohydrh

druqnd z lfiianhd ung{# r lfifiqrtlrilf,rs ua'rtmdrJdsolrtuilrudr rtrlJ

oulflu{dfl lsnrdmJ:rngnrod:ilorhrnqfilorulunm s.s ud nhriu

Everso ltsi Menzst ( t9B6 t 446) ldnnno.rriurlrcfinSnlrt0{nr:n:lorfiunru

ifrfod:oii ntohydrh dzsnrrlfisrlsri msmiiotorfnns rSrlqrldffifis Lyophiltzod

o

a
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o

stsma T',ps rtr rJsin laolnao{frrnr,f,ur{iirfodiorq z drJarri 6l z doutollmi

drdwfiuurlilqnrdorfiluu:nnrzilCrnn drunr:l# Zinc chtorids dlflunufiordu

rl:cf,nfnrnxo{ ninhydrin rftlfrflunrsduldfndudolduar ur* uiluunnfirJ:rng

drnr:l# Zino chlorids lril&n t'r lCnnnsuCuo.,uduun;qorulflt{gdunnrJ:rnqd,

rcdrorh'l#nr:rfinrlfinior,0{ zinc chlorido fldu *o-"* sitsaic fisrur:orhlrld

lrflll zinc ohtqide ldlaol#rdnnr:fitnriu uci'ir "rd-it nitratc tgrfrl#rfinnrrtSol

urnldrloondrnr:lf zinc chtorido

nr:rh1#rhrnqnrudriior&ldrsffi ninhydrin ddrinul#hutium6otorfnilc

( moral ,"ls ) sfinin t wrhhirfinsurftdoudflilnnEnwu dranrftdsuflilrudrdtc

drurCtlar,tunlf;ntomr$durdoqunrhlfirfinnrntfsrueq ( photohrmheccm l nzrurdl

t omrnrfolusowdudurdoogtuqorrq0rir ( 77' kl drqorcrr$id,ituttnulun{rtor

arl?r#oud,ftaornnlqn{ u t lunrrHg',q uunonddoiiflml,u2ndordu r 6ndtg#or

rl rurfirr$lnhs nsud:srCo dt;Hl&lr;ilnin rn qr qnlu nrrrhl#rfiaa rudun dnd qn

cadmirm rrraro rfluarrdih,ul#riulrn nngdrlddrifuifuiiutswr:udz zhc niran f,

errr:orhlrlflffi ar:urdrfiildo{daniu drldaurftdounzn mercurb drl#uadil

uallunr:rffhn Ex o{tunnnr:ft gtlrl#n, n lrifnnu ( stoilovtc 19rr. 2432 |

r<d
3.2lRltil

rl rhlroso lr, iiz f o d r s r l ririi u iiillnol#firs raSorht{riarmuJdsuurln qnNm fl

nulsrrd{usonrrntdrfo un:niuitnnrnrfonsrufiudT,rntJ ldriufrqnoru niu

inqildr druufiitarmil $n;Inilg drotiner:mfldffi lCuri rodins crylbl ,

$ryor Gluo

lwrlusgla:mn ( stry6 cb ) : rilunrrtiinndlhlniuilur ururrtiuinqtil

crniudruruilortssnil ffinr: iilo lsorluogln:mnlunnra6nrfomu #rutodnq

dfl nruifziiolr o{nr flomuil:crror 3 ur. itmlm:ou nrudriiotJ:rnqdrdqnl#nnr

rlr;ru s urfi rhnr:fufinnrndrsl{ qrJn:aidffiriu stry€r cnro idnuoraniurfisr

fiu tains eystal

a

I
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a

e

{1udrf'murdsrfiunrrnruoorufiilorsiirfs6notfu udrffio n'rnrrufiuntfi.

iismnaudnirr?s1u:rudonontirnrrflunnrurudlncflHntlrl#uolnn rduftunrnjrirhi

r#u r*tiog uCIJ Miller (rw3:r/I) ldrkqndii nryer g[re frtmhg uns iitol
ninhydrin r{r#zoriu rhlrfilnnqo,rud.iiunorrrnf,attusncfrrurrodrsnrnrCalilunrs

nrrtnjtgurfiuuld

Witkincm $nr walkin (rsgt: al I ldrJirrJllffinr:nrzuiunrodriiowluufiz

nriluquti lnunrrld Frrcpiun aryl -bea - dikotme conplox riluildsldnrio$ellat

nsuirrriu cymo acrytab rhft{rhrnpuunrudriiourh#nttutlnd.d*tldrnl Hg

Ken uar sroilovic ( r99s : +z I ldf,ourfinrrn:^rfiunr,,fi.iiolaunrrh{nuru
go ufiuo sno ut orf nw rh}ilnil ghftm;6acrrnrordulunruiitiioudr Inu cd$60

rorrrm{, drnstl, nnrf,fi $os noir dwfinu1#nnrdrirlunuor.ou*d.itsud#

rhrnguuinqdilrornlnfifi u < polyfremo I h?rrafldqnunculoilrnrrnJlurffiounrrl#

nnr6rirfiunrrl&uaiu#:sfirlssrfuoglalaf, ( oymoacqrtato firmhg I udrdordzs

I:nrilu - ei <frodmins - 6 c ) Imlfifrotimnrsii{riior$hdiarg r fl rldrnuld

n n r6rir wrlrrnq n mtdudfanufi nirnrslffl tlssrlus sln :mn 
"

Loc& et at ( 1995 : Gs4l ldiilnsr:inrrdonirsrdrrjrsilninrnlunrrl#

cymoarrylaro rdsrhhfnruifz$eudfihmgduf,anundrrfiu Imfl#arlafl n{u Bropium

complex ( TEc ) dq ui-* , wtkinsm us! waftiE rfluffirflrfrnr:#rdlrlf nrl

nssso{ r,oo* ldnnnsqrwmriraurft#sulun{u ernopiun dcltlrrurfitlrlr;f,nfnrn

tolnrrld cyanoaarylato ldfillrn 6o no TTA Phm ( Euro,ptrm Thenoyl Tlifluoro

Acetono ctro - phonmtulino ) rhriuei: mc rilufldstriinrfsunl dftJrl#

ldrri nnoo-tu 6cl , Ardrox u?o g"do Ysllow 4o

a. iinonnrsdriio

lCuriiinonnruiilfslnon:r#zsrnil nonniilwnilnnd[u l#arlni mcii
uunu.od.fo'taolfinildrhuturunrsnHrnfiudr rfludu unniuiinnudro iinrrirdlf;

I

a

I dn n6 fiu:osarsiirf odiaudu rirriutf o lt un stotrn'rt iirfi srilo ur6onCopyright by Mahidol University
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o

a

4.r ftqdffilunuCIonn€iizfo lCuri m:Jnancfiu rnrl'la rnrJhfln

rnrjdu r
4.2 finr:nonnroiirilo ldrnrjnsnnrafi:folnsn:q rfluifn:rttfiun'u

ifzforiiou{u nnduiiod$uurilu-unisltrTu iinr:60 l#mrJdirunr:litrdononnlu

dziisuu{nqdldt*anrnfldfi:inquifr rlo l#n:ruiindwnnonnrodrfoldr 6o 1#

ldrHdluhllumilr drtrnu unu*d.iloud'r

lu nrrn:mrfi unrudziio d r o uil uf,n tl',ntsd.f rfiio udu rnddrlufl rllurar fiou

u.nurd.fslnsnnd2omrlnonsfiuilnr rdohfinrrdorodr$suoqfi utif,ntdrtrnnon

udz ifudrulutoqnrJson rhnrrriuitnnrnlnsl#ldtfsrornntdrurnl nioftfn{u

lnlnlrjrfu!ilunrraludrs$nrlnongfiu ud:ndobjur ufriunnsnuludT iio tttt t - g

iu uwtfiftdrulntsuniloon dunanariiziloudz hfirfinnn'udrurrfluzdu{rlu

$oninnocodrflunnr r - s uril tfrudrilunan;fiuiaritcrd{ tf'tdrdufiuoriunrr

nJdsuurJornnooRnruduiiolufirinqdflnr{u trdous'nr{udo{:ou 1 nrud:iiooon

hJriou l#rnrjnnwfiunsnlnsnatul rl

uddtif unruii.fuddiuurdondrJ:nirnruiiuinqdhiqfrilu nluffion:2*funroiir

fi0"lnun:rd2smdnnnsfiu rnddrosrirrd{ l#rnrjrooncf,urfiu lnsrioo 1 nnru1.l

uurosdriiuddio urdoanrrmnfin nr:no n 6r rwarsdrswilnn o sf, us s nr nltrn

*r",rorduurdsnudz kfar$[uogfirflaorruruodduur6oo"[asnrrfladlu uagnonlaolf

milnno;fiu6nuaiu

tfi nrg iir ilo,iiu u d,rtiun lo lt n:dd rfl udrr'um n r u f o lt tu nr hia, u nnnrzt

drrlf;#rnfid

r.+ finrrriuitnnrndro

n:mrfiunradufiolnonrrriufinnrntira aruldutruJnfi ilfouaufis{ rrl'rqn

nnhloran ufo durlrrnn ( norfrqorirdryru rrl38 z t4-15 )

a- dd st aq 3
{1u?rr,fltno2T0{ ra{u

rnnfintrdrdrhril#fisulnrfitltnoifrfouft 6o ".,o- coating t€chtgue

rflunr:tnfioulnflcilunroifrilsurhlndldrilu{qqm1f, lufl rg6s tolamag ld
nn aorldfruffi atn ucilutscriunldrqilnrafdBft lridn orhhfl rirlwflun:rrdrrir

rulufl 196E Thoye ot ar ., ldurffidrrldnr, oarudrforukuunr;nrs Inil;dffirilu

a

I
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a

lnuso-oaosddrfrl#rlrrn6nrordudf,"rou uu*'rnddortriidrrlfriudr ( stoo,r , rytr

ung 19?2 ; Colling et al ., LIIR SColeg lt&3 Collins ,lg74l dl feut et al . ( 19?6 :

e3 ) ldltfiidlrnnnsllffiunrrusgil{ t drn6oun?orfl#zu polyohytomo ( polyfrme )

r.hrngdrflehodnft 7o % lilzlnqnmrdutordufo urufldruu 3s % fi1u1rolf,lunr:

frquiqnnnld

a tlaAt - - q tf,Aag.^ . di
n rufr r d frrfoirJ:snluuufrrr fit orr luui'rfr ilfrinn 3oanfr frI l{urutstf rl#nrr

nrmldorn Guo llnJ Xtog ( tW2zeO+t ldrlnoil?iu polyofrylmotomphenht{PEr)
I <- dt A d . nd
f,riinhusr;rilufrrt orur{uwuqufl uunnriufio fi u:rhlf, rnGntidmur:niuduirqlffi

riu pm dwgnrniilou#rwilnfiuf rhnrrdrs ( trmder ) nudrilon{uuu}iu pET

omrfulfiinrrtirsnrnfaslfi rarblrflsrulohunfifi ld gddr&riiunrsduldfnfilfld

egom - im larc ri20

Brambte ot al. ( 1993: s ) ldnnno{n:m?flnrsdriiorehuun:snlutrrlatfld

Nd yAc. las€r d xt6 - m, udrtironrnnrsrtorue$mnlCIdrfourhriu drnuilldnrrr

nrurdudauf;nrndorilodflrh;dniaillurffni2enil 6e % ( ilano{lrnnrsdziisuCuor

Ru34nuy rdorfiautilnrrld EE@-im las€r d sra* dcruuonrmnuldtfmr
,3 1

% urluu $nrRruild{mrnr2rd?0 Nd : YAG tascr frildlrdoilrnrsiiriloudrrfulmt2n

dro oionyorio fidwrrrrr:on:mldlnshiflilsnrrln r

fltgiuldrl'rto1mtnttt DNA rnecptot lrlflunr:nrfin, odtfordl r{.td
rdornrnluu,ouf.u*d.foudrrfuhiarrr:an:mrfiulddrafidfl a{ rSooruitutn:rgil

r ounJ:rndoutulriaur:nilquiqnnnld nSoom{rrfl ulun:ddi rn'nJrutnnuaudl

ilourlwirrfu Inghisrilrrod oEursndulatosus2t1nir n1slfi nu dsnnuiilnsriid

dr nngenprrnt tostifiss dlflr$euhilnurdunnlut*d< cspte 1le0 : 109 )

prrosloy et al. ( tw t t@E-1036 ) ldrhnr:nanoitnt?olfl DNA fimgerprht

toln,sdrforef{lnsrfrflffi mptig $ng tlping HLA DQ agta gene drs pcR

rnnfindroti,todldlunlrilnurrflu:aonrodriiarrlltomu 6 Ru uu!il0{oa?ru1r, uanuj
{ !, a,unr qu3 unriufiilrrortmdn oNe udz mpury $nv t!'phg Insl# Anpli rypo

o

I
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a

Hrtrt De nErrrq nnil:1nadlaTruonr2ffiorlld uontlndd{ldnnaolfiunrudtiiordld

niuduooullolnr:ld ninhydrin ltns DFO ( 1,8 - Diazafluoren - 9 - ono 1 rCo'tdrhrnq

, u rd.Su mnriu6rilr!1rh DNA rimgerprints nudriintrao.r lriin n n:inudo n'l:

smFUS Unt ryping HI-A DQ atpha ( pollmerase cbain reaction )

prerloy rncnssdl ldrfrnr:nnaourTux 0{ nan'lundtildrsiift ndm du qol

oailuru rdnrltl unr fiuqud dlfinljrrrruuon:lt DNA rmg€rprint ld

I(aur et al . ( 1996 Oct - Dec z %57 | ldnnnotld phase trronafer catafy* dl

ilqriurfludfiullflunr:riw:rsr{arr6uniri urlflunr:nrro,firnrsdrfonrh nudrld

ernfihi'irngriluamiirfourhuun:caru, rtflt, tlfrnutnfi , Indronffiil, fialrtfin

R?1r rlululrlurn:#trtYs u'm'un:ttilrnrofirf orclwun:;qufl u lnsldt nr:
orra

nan 0 { nuour noruol usifi & ldldnnfi uirdnr:rin drotjrlt ol n:;qufl udn:rmu'lu

aarudrfinruqlufl tw2 d Nqfrers rrehod druru go nd nudrnrrn:rtdrs cttA -

fhrorescenr sdning medrod lriarur:snraoouulud.foud$n0 un;1ufilr60urRt1a!

6qs6ou ilqf,imuu fl rgrr ludruru ztad f,l!finn:?tnunrodliialukrf,ul z nd

nirrfu nr:dhiarrffians2tffunrod:fourlldn:;qufluldflcrrnqumln nlrdruoulod.

iio uEh gnnus o nlu:sudrodur:1rwqu rlo ts, gdi. o u ntlnntrlronfl udlufiad,fi"du

rarcdqflurslildrnnurilsurul#firrnroii.iiudn:;quld $citrnnrr;inurnuirqotrq0dqr

lursrgdfulriflernrhlr?nrurdurfinnnrlrdtult ( Bu''e€n ot al. 1996: 3-5 )

Bramblo ( 1996 Nov: loitt ) l#rlrrof fhrorcsasnce spectrosc,upy uThgffr!il:c

fin?nrnlunr:ld ultraviolst n:2tu'tnuiiriiourh lnon:rtlrqhlndu 310 - 380 nm

Alked [t6s Memzol ($WI:E3-91) ldnnno.rilrtot euopiun urlflunr:n:et

,fiunrsd.iisurk iidarur:on::oldrf.r$fufirinqd,flu1n1un€odufi:rtsufild nfu*uu
d . a- d
tun1:fl1lJn{u

,iUnUUUrn 1# e6ylene rlirminstetaacgtic asid ( EDTA I dlU onjugate ligmd

dtchlfufiu errqfum ioo ldrilu non - hrminesoent complex ludunuud 2 fl'tl
rftdoudrsbl*rrJfrrforfiilrriulunrgdrfounlt drlutar;drnnrJdn?uldn-utrrisndx

a

D
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a

a

europirm ttnc EDTA t;llnnoon do t ro,pi,r- dordlulrufrufiu figmd dedu 1 niu

1 , 10 - phenaofrroline tt03 thenoyltriftuoroacotone ( TFA I ilfl#ld Eu luminessoence

luoiunuud r
if; nr:dlridorl# cilorofluorocsbs rfl uarrwnlu 6 ntfotill#rirurn rnru::ntir

t o r rJfr niur oqjlurnarrid 6 dr o urn nrirwdrurlfld

dmdx n# uanehltfi uiic azrurhffqmr asdziia

omi r gfmn:fli u'}rf,nr| a nrndarfiorfi odnn::ururounndljsfin'lqrfnft,io ti

nrqnr:airfinrdsiud z9 fiuu'rt u xgo narilssutol 02.m u. lCrfinntq

ennnrrufnonuaro{nrs'lu:osueiui.rdrhfifdud ilrlru an nctfiuu n - M il:cmu

6iduf dmono{nuueruincr'rnnrrfturusuJarlun r{d z drunlirrcuu drnorlru

n'tn ftrinrnmqi r$errodo utf,tlra nrnriolfiCI:d oflnn::sr ururnndliolfin

Is|frnftr{nd

rsrrfirdinornr:ftninrnmr1l'ldn:rtnu:osar0drfounrflrilsurh dntisd

rdqn{ mnnrior il n'rnrslu:ooud rhrqu firun nlragu ft #rnruluun cn rsuo n:nsuci

n'udrnri'rlmsdrdrnruf,rriiirfo to fi. uEsdl'riistrrmcdlu t0{ ulCIdlturlru tfluusi ,

urserfind flrdu {dora.rdo lildnorf,qoriudnJru rConrrtf,qtdir:sunrodr$snn;

flrilouakdrdrrrhdn:ronud:uoudduftnrin nnrlrrnqdrn:rfiufiunrsf,udiirfsunadh

iior o*$dora.rdu 1 drrininsrnr:nolf,qnrin dryru 25TI : 72 |

nad s rflun6ftnind{'sd tru. rJ:Emdu tdu:ud u u.R. ?s37 na1r.m u.

dlrriu{ttrud.tq2r:fl ,utd Lzs - Ltt o. rldait utnlurldo nilu.

nuftsrflums 3 nu rionffiinindnlortomnt{ruruu'rn!1u nrlCr:rtld

rfi un rofi u ddriio url qluao ru# rfi nrrq uft rh}Jn:muJisuffi sudrurndotn:mn rsfr u d
i. ue 6ilritoonluild nudr{dolurindfifoluamrunrofuriiirfoo'nlurifi {ru:u r nu

6o urofifi '[:uu?uni d$nuiltJ:ri6qn{lql1unfift:rmind rdoiud go fr.s. xgr
'tnur#rufirdCr:rt a.u. urodoiu rtacmoitj:sififitrthnrrufinurudr t u{o ilrl#
arur:o duaru{uqr n ufru:r,,dld

t

I
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a

I

onii s nnnTn:mnTrf,ldiirforpho'n'[uri6 n6dnnind u. 6on tn. tutd

aulsnr-l2 o. flau rmrlilat Rilu. nin6fiugnrh;r1u#ro il:grru rz druurn

doorunrror:nn:rdr.rnrufotoruruqnfi noqf,ntil r{dolnrdrntlgnfiudollun6{onr

dnnindd au. nrnnirt

11{t fr u. oruurrrldillfl nn'l:n:?tdlntirr du{oqnlunr:durr:unr:6uqlnu

9rolunf;ii ciolrtrnr r+ fi.n. xu rtnl E.3o u. ldrlrnr:fuquurufrnd nio

lnqi nrfifiu {dolrrnfou{o{nntilrldru $lnnltdouaruurufrnd nrfifiu {
dolniuar:nrnirldiruriuuroqnfi noqf,nd fi:.lnrn:u 4 nu rhnr:dnYrind

lurnncaoru mrru?fvr ri'rl#ru lu$st nn!.dnflarund

rnu fi n:d dr o ti rudrnrin,{nu6rolrrtruenrildr::ondl#uldfuufiwnn ndo.rdd lrt

urrlnrnuuu.rqturubJfiuouuilurndr - un:friat drnuanlud'nuersrtildrrfirlduounrs

o{lugftwr rfiufnrruaousruldri{f,fi!1nt?totinns6t ndltonolulnf,isrilrn'ltrn

1&irolrlrnuncfirltfltoqiluarprrulrtolrrrlunn$flsuil:;i6tsln:ldrrm olnnr:dmu

lCqnfru$risrnrrrriu dr}?nsrrdtflenofiolnr un;ludqnnrur:adud:ldrnuiruld

lunr,fldwriiurflui:otinld6drdrfthin:nrdr{nmrflulnru?otdonnrdrttn 'l fidunr:

orndwnriif,qorfiirr{nrudsln: rhhftriaru:odufunufru'ldyiudrlfi< infifitrmran{

2538:l(b)

mnd:otirnddldnrirrurrdz wrfi ul6drnr:ilrtsr?nsmmdl"slrrilrl# rllur:o

dT,rdrilr vdn in rn lu nr: n rd:r{n: cthfi'n ldirurm s:rntirdu ndlrfil

in srnrsrduz frur ou n rs ii.f u d tft :rufir nrrlft nrCouufi r t rir rfl urn do riiudu6 n

dru rlondr pororcopy dr oruhuldf,qtrilun:d$rnni:tdrn:rl riorCo f,qtrilunrdd

fl fl qrrrfiadudr :oonrrdaf o rfu rfindumnqnuudiflio tiorfiadulnu{duldn:;rtrld'

rfindu o.rnd.fiutuoan rn:uomir$frdrfutoulnnndnro$dr rnfrrr(nrhJuulufrriu

t

o

n::ufild 1 fienq frucuriu 2506: ss )
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a

otd s
a<c a av?fignn{ttRlt?ffi

ilrcsrnrilwfrzadrt

1. :J:cnn: il:crnn:dfnulluo9od rfluorarafntdltitdnor*n rnaufrr

{ruru 25 nuunr!frailo{ruru 2s nu fiorqlufir:;nirr rs-oofl

2. rurndrodn rdomrnf,nulCour:rurt?nluludqodalur:nn:rufiralsdriio

ual'rdrun.rrlu hirlrrnqdrfldoXnrdrdwsur:ourdtftrCodrurldlunrrdrurattulatolr
I drodr ftldrfrnr:nnasqfirdrotirrrirrtrrh druru 30 Ru nudrntuuil:rj:ruror:;r,s

I

nn rulud q"dalurrn *rrorfi uurodrf o urhCronrdu lCn n ft d

drufunrcmla nudririrnnrmJnJ::uxo{t:st a2aluludq"darrrron:rorfit t

ldftundluflirnirfiu 12.76s

rlruiuoqfrrflsu nuir firiurirn'u z.ts

drursu'rturncirodu'lnu1#qn: d'r d qlrd f,ulfior 2s39:3)

No = z'oo'1d'

No = drurud'lsdrl

z = rflurirrrnnlrl{r z dnuurimcdlu q uio qlz rdodununadoilln{

6srfiloaornn

o' = fi?'lu[iltil:rutoq?s4n'lu:J::nn:

d = ff?lun0luruduunlndqndoortfifinduHrdoilrrird:otirrl:Jil:;rrsrdr

ilrcrnn:

lu nr:il n u,09. dd',nunl#1fl unr:ilffrouruufirnNtds: ft riu zo = z as = r.@S

t

dr uiunrsmla drnrrr n n ru,u duur't ndqndoo ulfi findil Hdo ilrrirft otit hl
rj:curfldr:Jrgenn:lnurhu unlffhirnirfiu g iu

No = (r.en1'( r' zc5)' = 48.9
2

(3)Copyright by Mahidol University
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= 22.4

ch uiro qfirfi ol rirn :rrn n rnru du urlndqndo o l}ftdadu ldrdo drrird'rotix hJ

rjrsurardril:sfi n:fnsdrn unlfi'fi drrrirfiu t iu
No = (ro+5)2(^ag)'

2
(1)

n nil:rnqdr{rurufi:odxddo.rl{driliun:conilurnndro g$rfiuu rCs:J:cToililu

nr:njiourfi aunndrdrilundrdrurud:odrrir z n:dwdorfl turnotitfiou +s nu drlu
ae t!" d " )

n'r r?iun :q un r nr :rnuci'r o tirr n-r ff ud'r u? u 50 n n

?rururilE nr:rhuundln?lrnnln,oduu 1d) fiFtJ:sadrCslftunr:drurotnr

t urnr o rdrotirlu nr:iton fo d,tirrfu ucif ldil urunrudrn sau r:n ilrrirn.lo u u',",n du u

dlrJdr,r6uCodosrhnua:st,sr?nrdurudq"da',r,'t:no::ttfiuaruiirfiouilld:undlu

d:orrqdft fi fl udu6 nr nr,il: gnr:drgdor ilrulf,tr:atr

3. nr:dondrodrr rflunr:riud:otitlnsldldn:ruilrocdu (Non-probability

sampling) rfluhllulrltolnr:rdonnrl{ruzurhuun (Quota supling) lddtnrldon

drsdrtrnoffilafn:dduqrfi,Cs u uuroudff,nl"n{u droruqnnd ldnrimrnud'rlufi

dot ounnrornr:iftrilncr1sdrfinlunr:iftdloqjlumrtr :tnuidodrfrnft d

:.r{dfi nr:il:cfunrudrr$hwde.rrfl u{df ofl n'nueruldudlfi niln6

s : wdor hidr ilo d:oa{do unr:rJ: ctiunrud:f onrk otit fiou r irlul

uroofi lf;lunrtrdulToqa

r. Aqdffilunr:il:c?iunr0iirilourk rnirritu z cfindo

r.r nrrondldrflunsnnurumiintfinla ilturn o ii. * ,, d,'lnsnsdor

rhnzruacsrndufirl#arul" o,nri*finrnroon{um 1.4 ii. * t ii', lundot$iuwfinr:rl

ld ao do.rno6 Insrsriurnrsrnldngorfiu6nrrnl{rirutrfr ucidoldrnr:riodrun:snru

b{finf; nrdo fl r{rl un io dr e nil : n u rtnr td fr I n t to n

1.2 oq0rflor rfluogfirflursfindrudl#drriurlrtouudrdtuurnfre fl

finuilcdlurniun-nrpnrn titdffufirdrun{rdrfuurn t d. *.u d. finr:rqturn r dr

* t.u d. lufidgtniuosfinr:rlld zo ds.r
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I

z. qrJn:aidlftlrni:rnr:n:rufiudrodrr

z.r n.r{u dffilunrilnurof.dl , sfin 6o nrducrrfin Fingerprinr

Powder Pst4A Hfinlurj:srflfldtlu un;nrlrluoqfrrfiuutfin Fingerprint Powder pszze et6cl

lurJ:;rnafrrluniurfiurriu nrdunoraowfial#drniun:mrfirnrrrfirfor&l{lnstsnr;

22 urJ:rflnn*lu rtluu:J:rdilrulornnun:ff onfl dl n-nusstuurJ:rdou

{u nrrrorrtortuuilrril:rrrar t.s ti. dr!ffiJ:rsrril:srrs o d. {'rrr.u z du lnuo-u

u dr ogl#drriun$ludr6 ndun dqwldfiur*luo qfrrflor Inu#iullnl#rlufiu

2s rnrjla 1#lunr:nonulud.fu rflurnrjrfin'lato.r 3 M xumn{rr sr+
j4j

I U2 ?lIB Iu?

z a n:: ln: n 5o n-n tn o {tCalflunr:dn'rn:J1e

zs qr f o ua arirfl nr I n rdofl o q fiufilduJ:u uiiu u f u un ;fl o r n'ufhfln rslo

rorn.rdun?rbharsrhnr:fl nrfi ud:stirqarudr$sudc

2.6 nrsnludldamfufina rsdziis urlltcdo qfi u nnr rul od i fl d'nfiudr or

n {udrlunlr;lnolufoiil#nrrolod1#driliil6nnruiiriisurk z sfin 6o

2.6.r ffise1ut12{uumumt$u e a rirrrin m rtnr! finr:rrturn

4.ru. x 4.ilu. fasdnr:Nnrun?1ru'nirorrrhrnsnrs tto2uu{1ulu 5 doq lns$einado.l

::r,;:run;rSunilflud:hldnr:rurcingdu d'rsisltJd "t. drriruriilotr, ,.d.dt.l, t.d.

Rntllrl o.d..ulon.r, s.drdowrr" Iqsr30$'rudrduundruhJ$fl rfruuorritfiF

nr:rrurnnirfiuuoruudlu2lr 5 rior 'lns:;q:ron;6onnrludrurittortrincdortlnnru

drdumndruhJrrr 6.rd "0. iirfzuriiis &:ltt,t.iidd',u, s. d.nulodlu, ,. d.ulodrs, to.

I d?fiosfiu" riruuurs.rn:;nrunsf,ud:r0ncr6snftishjd drdud....., {ruru....iu,

ltf,.....,01(1......fl,nttrqr.....tu.,tlrrfn....n.n.,0rfrn......,il:cuwl{0{na'tit.......,dRrnr{gl

qdrodr 161unmn u?n nrsmllrl2dldrfl uotrnruuruvlsiu druiunr:rfi udrotindrs

nrr.lu

2.6.2 fizvarud'mrflru1a rz.ru. x 20 !r!. ldrflunrsnrodB

drriufinnroiiriio r;d r d rfi udrotirqdron *lu o gfi rfl ot

zl ttiu,ruru dr r ful$lu nr:n:ro fup dn uoud r dq fr rnu

e
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I

R'Erfiu:zuier.frago
tdtJJ

uriqilu g riuero ui.rcio lilfi
r . rhnr:rfi unrodriiourlcr or ordrarTn:

lunr: rfi:raradrfor$lrxo{olamrinldumlnhiarr r:nrhnr:rfi ucirodn
ia I

nlflu?uoult{rxo{qnnanur6uduh?nrlet1xd1u?uddolnr:ldnroluiur6or ftriurdo

florfiuhit{rdaalrunncir{d'urdorrlolnnlrfiudrodrnrudrforphnunsiu 6rldfinr:
" { rr -in't?ru9N0il tfln{u

t.r lunr:rfi:rd:otinarsdriiourlrr oroldldrifl :n urfildr ldrfiudrodr hJ

u r rf :uudrudft fi {rurudzodn hinru {tfl udo r rf rnr:rfi uft otir dr5 n Ins nr:rfi u
)

daotiNnirciohJwdorrfr'luiudorerarin:rJfrriftrulurfiidnrurJnfrtud'nusrsfiuzriu

rio unr:rfi uft o dr{lurrciu r*90

1, o'rd'rfl !-n:qnnuwdor lridr fsdesa{rio uurlmr:fi udrotir nrud'r

iiourhodrfios r rhluo risurlmrnj:griunrodafiourh

r.g nrrrJ:crTunrudriio$rl{x0rrolcrlcf rin:tgn:crhluenrn#ordqarrqfi
ra !,

unnqnns{

riu rh nr:rfi udr o dnlno nr:bfls rcrstfn: di d r#rd m irrqd do r nr:il: vi'u u',u d.

Ssurhl{dtsulfrcdrudfinfiurrhddorararin:rihoqi r?rrhnr:rJrcfurrndrfioutrrriou

lnu'l#orarar7n:rhiorfltun-nsorsoil nrod.fissosnrrrf,tllfi'rdsr ffifuwrlrnlrnud.
nlhJn:r1 ( ptain tnprerrion)(tffl findnrr: rsr3t2,6) uuinqd:or,t.dari'ttals Inud

orfildrinrordulriosnur{na ln .l ms mnriuftilsduluuuriiuCoisrriu$hliirilohJ

dufiagn:osnrsdriior$lmurh}Yarsifeiisrddf,ur{do$flslil rfrnr:r|scfuhJfinciir

laudurfourrril:cniunrluriorurntrqn unriuriodradruturludortYnurntdrudru

riu{nrudrdul:Jruiirqnfiu6oii'rdoodru 6lndrrcdorilrEfiudrs$:rnndnid'u $as:rss

nnrdiiedlniafiuinqfi nr:0c1fi'lndr6ssfiuurndq"1

rhnr:riufirnruncrdsnt{dinq'irrfJutorln: rJrsri'ul{rdoiudnirlr nr:rJ:sfu

ututio ro ifi doirrilunr:rJ:gniu t ufo nrrfuinqrJ:smnnrs$nt${nsnutsdoqrhnr:

rj:ci'uil:cu',* o ulo nr::J:ci'ufisucincnfitcdordu:cuvtrnrilrtj:cilrsndr*rlut

nr:rfiudrotjr'r6rlriatrr:nrfu'16^lun:rrrds:fiu drniroqfirfiurl$eiagnutsdorr{rnr:

:Jrrrf,urj:culr ,o u9., nr:r{ur;scmnr?i'nlunrlfiu:J:cvirLfirflubjlun-nuflct6orfiu

I

o
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o

o

'lr?drnr:rnh nrud:iisr$l'td ldrfl u z p niu drrfl un: gonpdu drtirh bJ:r.r 1{1u
i, dh,

H o.rr run?uqu qsr4fi ri:un:;tn6 nEnu dr rtrhlrrr l{lu r{sldnuuqu qornq$l{d xo c
uruiun; 8 r.u. drnfuogfirfisufil#tfiritu z qn lurfuoudu:fru ntrn:rmun;ogfi

rfi0il1#rrf,r1{fiudrunr'ludnuar;rhr1ril:;uror mo fitldruru 1nuil-ud'rudflruuulod.

iiounk l{ft uuu unclddorflnnlorJnnqrdrofirln 1mo

z. n:zufiunradrfor&hmlrrusr?urd drtuu

rhnr:n:ztrfilnrsdrfouCrnru:cucnardrriohlti 6s rdorfiul{n:u 1 iu, 3 iu,

s iu, r iu, ti iu,20 iu, go iu, +s iu, oo iu,ts iu $ng g0 iu ttiorqnrfrnr:n::ufiu

drodrudorJ:rngdrnmdrilouCrdrfiuldlhiaruuotirupd'nuorrdm'qf,rauldn:u l0 $
)

qnu?

,ir,"u uolro:rtrfi unrsdr$ourk fl ft ci s bjd

2.r rdsnrurhn unn'r!:cr,snnrd dln unl{ 1#drrn;muiotu,iuo q0rfl uu

,iu u'r.',o r,ru riu Cul6g

zz rdanrHd[udoaffih{rurrceufiuinq niu tYrrflun:sonfildnrdludr uci

drrfl uoq0rfluu}Tl#Hoqfrfluu lnsmJ:rruqgdffiwdoursnfiuodrrlurlfiJgiluriu

2s roruil:rmgnndlulnodorl#drururlss r (fildnoerur:otdueHdlu

ld1 fl nnrnrnlnur t d:ouil:sfuuuinq fln'lufrnuar;tfl urrnn rlnodrlildo u rdo rdr

rfi unrorduiwiooilanrufronrt or nrtrrdu niu tft rfl ufiuu ssfi fl ntfl ux n a rruoru nrgrdil

drrilufnuruflnfiofildruJrrflnnrunurdulilnndlo riludu nr:ilnn.rdludruunrnnhi

riooiflqnr ur{nr:ilmrqdluoqfriiouwdor:rrinrsirbfurnludouJirronou*lu tntlr

drl#rJ3rrornloqfiflourrnrfiu}hnhlt?nrurdu'lrinuf;ntuhiarurrntirulnd'nuowdrdq

firmld

hfif udrnr:ilnuug ou nruiiriio uek{ oq iir fiosfi olunrnr rio u o,rntiu

fifladobjddrur#ru ,dunntdlu ,ii.#* ,dru-zrniiiodro ,rhurifotrr ,ii.d".l ,ii.
Rntrrl ,d.ulln.l ,d.duorrlrrrdrdu nrrtq'ir:osarsiiriiodilndluud'rrlrrngnrotdu

fnroun?ahi drftbifnnu}filnefi6n udrftflnrludrudrfiuosn
i'

z.+ riunsum:no nnrofirfi ounl.rmnfrr{nq

nfiwrnd:J:,oqr uuu',u d. f s rpl urdr cio hhfl urf'uno unltao nnrsd:iismhmnfi :
irrqu,finnrilun:cnrudrrirfinarsii:iiourldruuwcru lnslfintJlauunulud.fiofincdr

))
.e q dnMiln0u a{u

o
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a

o

z.+.t ft rnrJla::nrdsrlnohir,rqnrCafl ufruhilfi'rfin:sunrrldu

z.q e 6arail}{1dr u rn n 0 r?r u 1 s Ingds l: gi.t o tirl#rn rh?e u n niu

z.as rrunrJdrunr ilur }Juu a ru driio laonnrlrdrutr fi ozt o r

rnrJ}{6nuriufiuinq

l{udr

z.+.+ nadtudru 6or ounrJdn n uuinq iuurduolnrlud ldnndn

2.4s nannluuratil,arlsdrsdlrf o rCs hildfl ornrafino{dnlu

2.4.6 nonrililoonfldqunfinnrudriioudr'lnotiou 1 nunoon

: sft o dr'ldrn rJ r?r u n niu

z.+.trnddl#r$ludrnruiirf o#aon16'b{6nnruunr;ff urruu

r{ oir dr fl ffun:snruriluiltm un gldfinrru n'iflo r fiur qdrur rft t o urin ;d:l{udr

1 nufir a drcd lfi ranr l{lunrnn uznl rf run:ddffin r o g$rfl ouh?finuunrcnrudrris u

1 n:;nrudrdldnrrilun:garudrriu ) ud:6rinurdnuunssnruuuur{ o{u lunrsu dr

'lunr:6nrnilaruunrcoruwdo$nludnusrcd:uou,rrd.fu6ljutd.dudtuuu rdsrfl u

nr:ccnzneisnr:drunrurdulunrsrfri rsgtfrnr:finmilnruun:gnrswdoq:sirsth'l#il

ornrnfino{r?rlu mnfinnr:rldrilulrJludnuorcrfisrtium:finmrlnwufrrinqunl:ait
!.9a - i

ou't tfinnflailil?

2.5 Rro nrrsa cdsnuufirn:cnru'irrilut o r oratar-n:drd:rd nirt" 6ruru

01r,1$0{nruifufur"hriu, lnfi, 01q, a21!qr, rirrfn, orf,ntororararin: ilrrnntolierq

rflun:amlarfouniuoqfirilor un;ritudordltio.uqrqornqf nis#s.rdnzlqrqorr4frl{

dzsoc

s. nr?ffroun1udef orelurcin cdrdrarur:o thulnd'nuarvdrfrq f,rag ldn:u 10 1n

nio hi lnuqdruudurolu (d'rniunrrfrm:atrpn'nuaudrn'qfrreuldndrrliluund z)

drd.hrrrurotiruldnru r0 plrt?irnd0{rr{uruqn < I I drsdo dodrnrodrfiodn:rorfiu

ld unsdriirlnlriarur:ntirqnd'nuer;rtrdqf,rauldn:u t0 na tsdodrnrudtsodn:m

rfi:rhildlrtftfindoruursfin <xt #rsdoniurduafiu

nffiirnrs?idoqo : c6fi iil'f,lunrr?tnrsrtf,orya

rdo lddrnr:n:zrrfi unrudeiioffhn'r! :susr.u'rd ldd'rnunlfirdundr

t

o

rrnriurhnruii'rsauslodldurn:roqdrirE:lnrirdeur:ndrupd'nuorrdrn'qfirnuldntu t0
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a

$ fiwdoirdunrudriisrrldfirJrc'tsafldlunr:f,quiqnna riuuifzladlrierlr:ntjru

ladnuorrdrdqfrrauldarlr t0 p dodrlfiJ:cluutilunr:frqtriqnnahild

u frimnd ldtirulnn-nuor;drdq frrnut ord:otiun:utfzuudz l#rtrdo qn lralrJn a

dr d Inorhnr:mriuilnn n ir
luanrn#oldlrin.uquqornqfi uinsdrfi:rut,rnrurudqndarur:on:ruf,uld

fiurudiu riuitnrna orq rinurin n21!q{ orf,n unsil:vrnntolinqdl{

sn rn rfsrdn2uqrr qor n rl fi l{d 25oc fi l#iur'nlu n-nuosrf;,su riu do qutio n uod

riufinnilu Diskette rCortrbJirn:r;r{doqnnms66 Insldlilruntudrriqrl spssPc*

Ver 4.01 (Statistical Paokage for dre Social Sciencos/P€rooDsl Compder Plus) tlmffiifn:fCf

nu:crflouiinnnfifinrttfuc,o ugio tjd
1. oiurudnussrizhJt o r orararin:ddrnr:f nur uotm:ffi Jorst oldriltl:q nir

lnoilruruolutrrJto.rnr:rl$n cnrrr{tnfu g 0fi

z. f,nu'maumncirqilol

2.r zrornululudq"dolrrrufi"dnuor;drrYqf,ffisnsu 10 ln loludnc

iir 6u dru-rruiiior.', if.#,.l d.nu.ror., d.ulln.,r dzrTown d:rhruiilodlu iilddlu

drnnrdro dzull#rs iirrlaufiu dT oiiilnn$u

zz r{srdlrinruquqerrq0 riu#ordnuuquqarr4slld zsoc drinndo

: rsa2nluludtlndarorraft ndnuor;drd'q f,nunflt ro p rlo lri

2s rnt, srf,n, orq'iril6nfnnsis:Eosr.nrurudqndolrlrufiun-nusg

drn'qf,raunrll t0 !n ludrutororqo;uonlflu z nriu 6o nrildiorqfioondr x fl uns

nrirdiioqurnndr zs fl rdormnirn'wuqanrrroiqrfiulnrdooq x il Inursdo luriru

tororinuernrflu z nrir 6o n6rdtdsotun,:rlfiffiuuluufiidu,nun;nrirdldilolunrr

rlfi:iftrulurrtrdfioo

lnooJrhnr:nacoudonnn

nfiu$nttr{uuurJndrsrdrmJ:nrurfolri 'tn01ft66 Kotnogonov$mirnov teet dscdufu

drn'q o.os

nnnrrimncdrilsdunrjrhiinr:urnutrururJnfitsld:urj:nrl odrlfi ritldmh

n1afi6 p < .05 ftriunrcirn:rrrfdoqnnrmfiElurfudoltJwlf Nomprurmetric statistics

Inurnicdu z n:61iio

e

I
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a

t. wilcoxon Marched-pairs sigrcd-Reks re* 1{fiudoXndtriAa:cf{sfiu (bwo

rslatsd smples)

2. Mam-Whitney U - Wilcoxo Rsok sum W Tegt ldfiudoladrfluda:caiofiu

(two indepcndent samples) ( mrnp fintlqfr ?Jigr,L,

fioXn'ludo 2.1 unc 2.2 iin-nss;rflu rynaent Pair sampler ri:udodu t i
dnuor;doqnrfl u rnoepenoent srmples lnofrosrsrdrgduftrdrdq o.os

ft urj:dlfl unrrfl nu rnFsurfi sun:rr ilnnsirllunr:?ft,n'il dds

dtnJrda:s l#uri rnn oq o1f,fi rrnrnrfaqdhiaruqlqorrrtrf unarfa.rdoruqo

a qorr4fil{d xoc
fiurJ:nrl 6o r:ogtzu'duludqndcrurruor.orfi unlsdriior$lldrunl{ut ol uei

wdr lusnu rfod hinnrquqorutli uas#o#n?uqu qorilq0l{d zs"c

a

I
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I

unfi a

eronr:?fr rrwn'nsfi druru o

Hnnr:iffs

^ 
u d ldol n nr:ift,lun fs dlCrllruuulupJr o r nrrr{ un gnr:r lnuuonnr!il: sm n

e drgl as s r n rj
?nqil rtlunlr20r, n{n0 tilu

opfirfiournriu lddrnr:rfiuduotinnrodrilourfmrnorarnrin:druru s0 nu laurfiu

6rodrllluenrn#ordn?ilqxqsrr;f un;rfordlrhruqt,qarrq0 ud:drnrrrr::nfiunrs

dufarulluuoqfrflulruiudzuanduoqfirilor drlCunn*rnlllunrsNd z-g uarn:rrlds-rs

nttlod a usnmludt orsruzunuriu:;uazn'rur ud q"dd'ur 1:on:2ufi uaro

ii, iioudrdron{uogfrflsu r;ildrwnrnrtsrdn2ilqrqarilqf un;r{ordlriaauqlqorrqfi

e

tiucr2nlult

dqndn::r

rfiuldciul

stA
flR',rfln0{fiff2ilqu

aflil?mil

nnrnrlordldnruqu

oumf

{ruzunr
I Jd a

llJottrun {rurunu nJoirdue

0

1

3

5

7

18

I
t2

7

4

36

1t

24

t4

8

24

16

7

3

0

48

32

t4

6

0

:1U 50 100 50 100

rirrndu(iul 3.84 2.56

s.D. 2.81 1.E2

a1 o iu illron:r!fir nrofiriiourhdnrrufiurdo fl oqnru r

iuudr hiaurr:otirulnn-nror;drdqfrrnulda:u ro p
?ruEME

mndoqnrnnrbfrfi uir anrn #ordn?ilqrqsr4fr dr;o;nnrurudqndf, 1{n0

n:rufiuldrflu o iufldluru 18 nu mndru.uuotfodu s0 nu finrflu ga q" dz"r"

rtnruludqndaror:nn:mrfiulCrflu z iuiidru?u 4 ffu finrflu s Eo drucnrnr?o.rdhi

n2uqlqufir;fr d:rou, nluludqndEnuuon:2orfrulfiilu o iufl{ruru 24 nu r1n
a

srurunudrdu to nu finrfJu q qo dzwcnnrdlu z iui{ru:urfluqud
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a

Hnnffiitfftl;rfntafifinudr inluunndrlrsudrl:surr.nlr,tudqudalr't:u
C 9 .t a4 . I

ni2olnumunr4uoq$rfiuu :cfldNanrnri'o.rdn2uqrqflrr;frua;#ordhinruquqanrrtru
a Aq 6 e aa

oul{ilut rllnqT1{don (p<.05)

A€
o0l|tr{su

a

SCONTRqIED R@il
ILN|COilTROUF R@il

I

r:osrm (lu)

a lrld o onr'to.'tudn0{dlurunutiu:stcnulurudq"ddluuonttorfiuulud.

iiounluuoqiirfluluriudruendluoqfirflsr mn{rueudrstjt so nu rcrirl#oldnuuqt

qerrqfr unc#o.rdldnruqrqornqfr

a

?tilEffiE o qfirflutur.iuuurodtoqfirflsudBdrriuil:cnoulsurafircirlurumdn
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a

nrtNd I udn{n?lldtoldrurunufi:.lwurt.ulurudqude'turtoo:mrfiunTlfi't

iiourlldzun*luoqSrflot :crdrltfl aentlun;tuausl luanrn#oldnuquqonrrlfr

irt c[2n1u1u
Jd
nqnnn:20
C Itl o
Inu tn (?u)

rr{fllno ( anrn#srfi

azuqrqarnqfr;

rnrrfrr ( anrnflorfi

nuuquqorurtrS 1

{rurunu
. aC J

njo:tilucl {ruruRu
r aat J

tljOfl.ilUn

0

1

3

5

1

6

5

6

5

3

24

20

2A

20

t2

t2

4

6

2

1

4t

t6

u
t
4

:?U 25 100 25 100

rirrqdu(iu) 4.& t.u
s-D. 2.94 2.49

rorumq drror,.nr o iu uursnnuiil nrsiiriior$hdn::ufiurdoflorqn:l r

iuud: hiaru:otirupdnuarrrfrfrqfrrauldn:u to p

orndo lauaaqldtfi udr anrn doldn?ilq! qsn4fi rnanodtssst2n1u1ud qud

f,1ulrnen2ufiuldritu z iui{ru:u g nu findu n qo riturrrflr{{ dtott ululudqn
o dalurrurrmrfiuldriju z iufidu:u I au f,nrflu + s

nnnr:itnrurirnwdfiuudr hiflnluunnciN:cfldr{ tct tt2nluludq"d

dlrffianrmrfi unrud'riio urluuo q0rfloruriu#run{uo g0rflurl :;uimtnaluanrn #old

n ?lrquqililrtriotirlfi rfu drf,qr rla66 (P.05)
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oeft ftsf I#B{ rnu quqon,rqfi )

6nrzunn

a

lrlii e ua"onrludtoqdrutunufiu:wctrulurudqndfll!ffiont2orfiuulud.

o

Soplwuoq0rilurruiudronHdluoqfrrfluu :srdntnano ldruru 2s flu)uaclnnn{l

q{ru:u 25 ftu) luanrnr{sldaruquqaruqi

niluffiq o qfirfloluriurupdloqsrfisudffidriliuJ:gnsu{sunfircixurutnfio

o
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snrnr{ordnzuqrqsnrjfrl{dxoc rflunnrlrlfisi?dn(reoinous porper)duflus*fiJ:snou

,uo*r$lu (Mozol BR : 46') dlrltotnufinomdrf orulrldrlosnr

a: rdsnJiourfi uurssr,.uruludqudalolru"n$fiuulsd:iiorpkdrunr

dlu:;ndruns:n0riutnanfrl lnulf M@ - whitrey u - $Iitkoxon Raok sum w Tegt

druiuaqfrrf,ouuiu nudr

O

t
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o

t

4.2.1 ludnlnr{srdnr:rqrqontrtrf lrifiatuunniNtol:cog

,rn rurud qud crurru*-rfi unrsdrf o uEh uuo q fi rfl sur$iudron*.luo q$rilol
a.l

001{u

riudrdqnrmfifi < p > .05 ) InurirrndCI{orrrrrlcnururudqoddlluonr2ufiunrufirfio

rnfroqfrrfiourpiudrunrdluoqfifiolro{rnfltulunirfiu q.a iu rnar{urirfiu g.oa iu
( o'rr'rod g )

+.2.2 lua n"tn rds sd hin ruqu qannqfi fl ntrtunn gil{tfl 0 rttsus

,.uurudq"dcrr,.ru"r.o,fiuulud.fowluuoq0rfluur$iu#zsar$luogfirfiol stir.rfi

riodrn'qnncfifi<p<.05 l ln0rilnd0{0{:essr?u'tuludqudrrluuon:tufiunrtldriio

urhuuo qiirflsu&iudzun{uoqfrtflsut o$nainunirfru g.to iu rnanSwirtiu t.g6

iu ( crr:ud + 1 uandrnrudriisr&l{tto{tfif,lu'tt flnttqwundturnsl

n,rrdluaorn rtoldaruql qont qfi hifl nmlunndtt o$Esrnnrurudqnd
a { a I ad

d'rilEonrlilRramu2usr$r{uuoqlruuur&iudronnduoqfrriiuu n$doqurtrnnr:dold

rjr;nsutouufodrfluinqrdou (inert marcrial) flnr:nJdsurnJnllurfoldnruquqarurtrS

do ourn rhlfilrisrur:otrrnnzlutmnfdrlto.t:;t gnnrsdrliritldrriqn'Hadfi

cs don lioutfi uu:;t rnnlu,rud q"dsrr,'troo:.*fi uutdriiourhC:un l
du:;ndrung:ntlfiutnsrfl Tnold Mam - Whitnoy U - Witkoxon Rek Sum W Test

druiun:mnla nuir

+s. t luanrn r{old nuqu qoru qii ilnulrmncilltt o{:tuctlnl

u',udqudau'tcon:r$firrnrudriisrslluun:cmdzonrld[udr r;udNtnafistiurnanfl

sdrfl rftffhn'qntafifi ( p < .os I lnuddrrodoruo:otr.uru,rudqnde.u.rtnntzufiu

nrudriiauduurnsondrunld[udrtolrns:nsnirfiu gs.+ iu rnarfrlnhfiu rs 2A iu

( 
"'rrrod 

rr )
as.z lua a'tn #ord hinzuqrr qotiltlii fl nzruunndrlt ol:;t ct:n r

,,udqodaur:nn:ztrfiuu',od.iiuurkuunrgrndzon{udr :sildrltnamsfiurnaufrl

o dlfl risdrn'qnrafifi ( p < .05 )'lnuritsdstJ ol:te,snulu.tudq#aroltooEmtfiunrs

iirfi ourluun:nnd2snldludrt oltnsrtuttirfiu zo.ss iu rnarfwirfiu ro.g6 iu

(rlrtod u )

wrfi ulddrrnau{r fl ri lnd trus'r:susr2aluludqndarlrrnnrmfiuarodziiorplq

dronrdlurloondtnsns drnmsrflunuduorltrn nrrdrnenSlfld'nusr;nrurdudrdnrtac

u1{ drurnansorflnrududtnqjunururnd, ftrfu nruiirfisrrlrtounarsrftdrdso

a

a
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o

roulrorrr?rislurjiursrdr?osn'irnrodrfourkroufif,T1u uuoolnd nr:drnan{rflturn

r s r driiarfi n nir{ oufi srns ft rtr}ffiud firdr fia fiuinqt o unanoil u rnndrt ounarfrr

rflunnh{ar0dr6oueh{o{rnflrlufir,urndudnuoulud.forrJrltqjunsrfiulfif,nndrrns

ndr

Dmtrmeijer et al. ( 19E0 : oz )lddrnr:d't::turnrrua'ufruf,toldruru1n6'nus;

drn'qf,reuriudrfo, lduuurn;iio etnnr:itn:l;linNa6ftranl1#rfiudr uein;nu, p.t

uuuuncf oriludrrhrundu:u1an-nuwdrn'qfr rnudcdruzupdnuorrrhn'qfr raurdo

rfi uuf,uiirf ot or fonl z dn nudrfi s1n:rrfrudunndt fiu ft rirwrfl uhjlddrfi uru

t o r 1n d'n u arvdm'q frrau dwl#lunrrfr qoriqn n n rduzr?o I fiufl rruu, ttl f, un J nriu o I
rJ:cinnr

n'rrd{ru.* aqna'nuardd'q f, rau dlfi u nrrf,qoriqan ndu oqifiufl oft ft nrirr6r

rirovrflurrq^nndoddl}frfinnrrurmnsirl{ol:rusrzn1u1udqodarr,lton:rnrfiunrsfir

f o urkdrun $[u: rudtmarSrun rrfr f,lnu

otin l:finrurnd":mnrurodofuurldfi arodurd nfi& hialul:o0s:s{16irrfl u

nrofir iiouelu ounarfr dr iirntulurfi nm cn urrifi nudrfi n rurdudrd n un Eluutnfi

nndun-arsriilfrudufu irodnqororhhfifi oarurdudrfi nfi ld
uo nundrrdzlnsilnft nsn$rnrid'n:rnun drt o $ildo fiosndrtnsmu'l*dtFn,r"

nlrr{rt?worlryrdsunnolrdlu#ot ol uSlorfl fiosn'ilr{aenu

fl dodrrnqt o{rfu rmq r nrorirud lCrf mr:if nu rnruf,r ddrf ol#dsdrrnqdro;

nutuurdutdulurnnnfilunnirtnmnu ( scos wR 197s: 119 )

+.+ rdonJtsurfi ou:;wnnrurudqudf, lufi on:rtrfiunrudtiisrrnh#ront

dlurutrdtorf,ndt#urllrudssfiusr*ndBrr:.r{1ult'tn'tn01d Mm - whirney u -

wilkoxon Rank sum W Tost dtrfuogfiflsurpiu nuir

e.+. r lusnrn rfsr dn'ruqu qarrqfr trifl nntunncirl{ sl:;u;

nu,urudqndcrlrrsnr.o,fiuu*d.fi o rrdl uuo gfirfi ut rtri u#tunldluo gfi rfl s!:;ilfi 1

orindldurwrufiosfiuorf,nd't#u:{{1u!1n otirririodrfiqnrmdfi ( P > .0s 1 lnodl

,*do,uorrorr.nru,rudquda,rrlrnn .orfi,u',ud.fourhogfirflsur$iudrsn*luoqfirflou

rsrorf,ndl#rffirrufosdtiu +.er iu srfindldurwrurrnnirdu g.os iu (m:td s )

aa.z luenrnr{s.rdhinmqrqarrnqfr lriinrruunncirwolrsuc

,r u',uludq"dalrrru"r.o,fiuu td.iio url.ruuo gfirfi surri udlfl nraluo q fi tfl srssndr.t

a

t
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o

o

olf,fld1fir:.r{1ufiosfril01f,nd1fir:{{1uu1n odrfirigdrf,qnrwdfi(p>.0s) lnu

r{lndmor:cusr?nluludqudalu',:on:rorfiunrod:forplruuoqSrfiou$riudrsnlrluoqfi

rfiuurororf,nd1f;,r:.r.trurfosnirriu z.tz iu orindffiurwrurrnnirfiu z.gg iu
d

( n1:l.tYr 6 )

nrrdlrirfina21un2'r!r$rnsi'N!,o.t:ff r,.nruludqnda'rur:oo:.o,fiuurodriiomlr

uuogsrfiuuriudronrduoqiirfiuu r;rirorfind1dr,:ulur?osfiuorfiildldurwlurln

no,dorurornnlrdu.lun{iluro{alsdziiaudruuoqfirflouuiu fi:roa.nrdundrunrdo

rfi oufiunrrn'{wmi,0{nrudz$ourkrunrnn ft drh{hirf unrruunnir{n0{rrurt?n'l

:;udm orf;ndl#rr:wrufioufiuorind'ldu:rquurn'luinqrhvnnoqfrrflonr$iu

+s rdonJsourfi sil:ct gnnrurudq"d a',rlruo:T o,fi il n'te,dr6o rul ldrsn l
du:rrdruorf,ndl#u:'rrrufioon'uor$ndHur.Hrulrnlnu'l# Mm - whitrrey U -

\vilkoxon Raok sum W Test d'ruiun:;tntC nudr

+s. r luanrn rl'srdnruqu qonrqfr fi n:ruunnd'titil o{:tCIst2n1

urudqudarrr:on:rufiuu*d.fu,uhuurwtndrunr{udr rcritorf,ndl#urruu

rlo oduorf,fi dldusruurrnotir i riodrriq nrw66 ( p < .05 I lasdrirrodu" uot;,, vnn r

urudquda'rurioerr2ufit u*ii.iiuupkuun:condzun{udrtororf,ndl#u:rmufioonir

fiu zs.as iu orf,ndldurruuurnnidu tg.st iu ( o',t',od tg )

+.s : luan rn r{o# hia2ilq! qsilrJfr fi nru un ncitt o rtgusr2n'l

urudq"dal!ffi onr?ufiunrsdziisurkuunrEonCzon*lucncrdlr o rfi n dlduto olufios

fiuorf,ndffiu:{rrluxm odtflrisdrdqnrwfifi ( p < .05 ) Insrirrndutuortgt?nlu'llt

d quda'rumnn:rnrfi unrodziis r$kuunrsm#2undludrt o.r or*ndBurr {rufioudrfiu

n.zziu orf,ndl#u:qqruurnuirriu rg.+g iu (nr:td r+)

nr:d orf,ndl{u:ruurlosfl drrsdt { o{:csil2n1uludqudalor:nnrmrfiuu.rod.

fi o r$kuunrsrn#?snrdudrqr nird or*ndtdrn{{1ulrn n qrilun ardor rrorReRrnfrt

ilriqrorn udi orf,ndffiu:{{1ur1R rintsnudrfrzu rirdiiowdrurmsnrru qutar nrutdu

H unsnnn{ rh'lr{rdui sr it urnununr rf rar nbfnrsft f or$hdnmufi uldi n rsdud ldn u

f;n nr:tirupdnuorrhn'q f,rau drlft,rn 6q ilrorrfl ualrqd*rh{titodottt tnnrurud

qndarlr:nsr:mrfiilnrud, fiorpkuunrstndrunrrludrrornudior*ndldurwrudouurn
, dq 4 dc9

n2'tft llYt u 0't.rT{T t il[:{{1uuln

o

o
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a

I

a.o rdonJisutiitJu:st r,.ululudqudarrlru"r.ofiuulud.fioup'lqdroHq

dlur;u'ilnudfiorqfioun'ir x flfiunudilorgnirfiurfournn'ir x fl Insld Maon -

Whitney U - wilkoxon Rank Sum W Test druiuoqfrrfisuuFiu nudr

4.6. I lffirnrnrfordnrlqtqantqfr 'hifi nllunndrlll ol:ct s

,.rulurudqudarurruo:.o,fiunl,ldriiounluuoqfiriiourpiudronr$luoqfrrfion:ctdrlnu

d fl orqrloun'ir x fl fiunud fl oqrrirfiuuiounn'ir zs fl otiNfi riudrfitgnmafifi ( P > .0s )

lnsrirrndsloirrsusnnluludq"#a'ultosn?ttfiunrsdriiouelloqfirflaluriud:unlduoqfi

riloursrnudflorqrloondr zs flnirn'u 2rs iu nudiorqnirfiuuiolrnnjr x fl nirfiu

z.v iu ( rlttd z )

+.a.2 lua nr n fs.rd hin ruqt qoruqfr bifi n luunncirll o I scus

,.uru'rudqudalrlrurr.o,fiuulod.iiourluuoqiriluu&iud?sn*luoq0rfiuu:cfliNnu

d fl orqr?oonir zs flfiunudfi orqnirfiuuisurnndr x fl otitfl riorhdqnrlafifi ( P > .05 )

Iaurirrndun0lrcusr2nluludqndarrlr:afitmrfiunrufiriiotrdwuogfirflsu$iudrunldu

oqfrfioutornuorqfioondr x flnirfru r.o iu nudfiorqnirfiuuiounnir zs flnirfiu

r.oz {u ( mtrod a )

a.z rdonJiourfi surcurr.u',u,udqndau',ruo:.trfiunlodafi ourlldrunl

dlu:aritnudflorqfioonir x flfiunudflorqrrirfiunfounndr x fl '[osl# Mann -

Whihey U - Wilkoxon Rsok snm W Teet drufunrsonla nui't

+.2. r'[uan rn #ordnzuql qerrqfi hifl ntruunncirln ol : rosr?nl

u,rudqudalrlffionr2nrfiunroiiriiounlluurnsrndmnlrluft ranirmudfl orqfioundr x
flfiunudfisrqnirfiunfsunndt x fl stixflritrdrn'qnr.rafifi < P > .05 I Inodfilsds

1,0{rsusr?nlu'rudq"da'ruuonr2orfiuarudriiourlluunsEnnd:urHdludrtomudflorq

rlosn'h x flnirfiu tz.o iu nudflertlnhfiuulournnir x flnhfi'u n.eg iu(or:rldr)

+.2.2 luanrn dsd lrinzuqn qsil tlfi lrifl n:ru$ctnsirlt s q r vuv

pnruludqadarulru":.orfilnlodriourluun:gtnd?sn.loludrrrudrlnudfloqfioondr

zs flfiunudflorqnirfi:rrfournndr x ll odnflriodrdqntafifi < P > .0s I lnuddrrsds

rf o{ssrlsr?nruludq"daltltonrzufiunrodriiounkuun:mnd:tlnrvludrtolnudfiorq

r?oundr zs flnirfiu ro.s iu nudfiorqnirduufsunn'ir x flnirdu rr.ra iu 1*r:rldrol

o

a
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o

I

luo'rrurfl urirudrorqt o{ddurffrr o{nrudrri'oudrinluf,lrfi'u6f,un?'run{1r u

nuoulod.Soruhfu ri.riirn:rcdrJuoudiu'tq ao fl seuaceous gbnds tgiidru:u r.ti"u

gruds r?osnl unglunudfiorqrrnn'ir x fl ocinlln?ldma{ nrnino *ia lutrionnar
I q , <inrlnr D {na{ nnnwr lr{rfi uirilo nrarloudwalrrunn:?tnlnrofi:iiorulw om ud i orq

illn"lld ( Scor t9Z8: lIE )

nr:dnnlunr:it'l,nfiiinuirhifiaruunneirrs..tssr,sr2nrurudqodarul:an:2i

rfi u nrodrf ourk drsn rdlu r;r dnn ud fi o qfio undr x fl fiun ud i orqrrirriuuf ounnir

25 fl ,iolunrronun;oqiriiuruniu u.rduor',o'tnn',rdd',urudaodrwo.uudiu',qu',n

ndr aoflfitfiCI{ ? nu n^nrflu uq" ffiiudqfludru:udfiotrfiu'trj rtflr{nnnrrffidldld

flerrrumncil{flolicsrnnrurudqndduJrans?orfiunludrfoudrd:ur,ndu r:ndrmud

fl oqfiourrh x fl fiunuriiorqrrirfiirf aunnjr x fl
4E n Fuilrfi uun?lln,{r n ux o o nrod.iiu r,$l rt s rdrudwrfinluanrn r?o d

n?uqilqsfl r;friurfodhinzuquqonrqii nn nrtm:rarfnta661no1d wilcoxon

Matc,h - pairs Siped - Raoks Tsst fiudt

a.s. r driliua g0rfi ourdu at n nr:itnncfnnsfifi nuiril nzrrr rnn

drlr;ndr.rri',,od*uorrorr.ululudqodelu,ruor.o,fiuolod.iionrluuogfirflsudzunl

dl u a qiirfl uur s r drucio c!fio t orn u{ruzil s0 n u rdonJiuurfi uu: gfl fi r #ordn zuql

qarrqfifiufoodhiu.oqrqorurtrf odNfi rftdrdqnHafid ( P < .G ylnr{udru'titt2'1,

d:dosur, iflduodr d1riiin.rounnch$rufirirrndoro{:cssr2alurudqndclultu

n:rtrfiunrudrf o rpluuo gfirfi oldzunr{u o g$rfl ou rdo nlluutfi our;r dt #oo du.rq,

dufo.rdhinruquqornqii sdtflrft,drfrqnrwdfi ( p> .05 1 1 
"r:r.d 

r )

o',nnr:rod g dhfior:snrirnd sr a r ssusl2a 1u1ud q"d a,rrron:mtfi uarsifrf o

ruhuuoqfriloldruar*luoEfirilorlu#ordnruquqoru4fi nudrir1dflnz1!fl{nurrndq"
oi-.a4rrr' -otidC-^g---C---<-:i-^-^^t.---S-.,
fi o u'r ram so x ?1 l rirnir riu t sz iu ri. uiild fi u aun ln u fio od qn6o ifi um druirirnir

fiu o.os iu lur{o rd hin ruqu qaruqS nudriird fl n2l!n {r urlnd qn6o ifzuhrui iiorr
uurd.dr,tr flrirnirfiu o.oo iu riruif:dinurnrnufoudqefiodrutdr, flriuirfiu

os iu
+.s.2 dr?riun:Jon nnnr:irn:rcfrnafifinuirfl nruunndt

:sur'Nritsduruorrorr.urrrudqndaru'nnnr.ufiun',udrloounkuunrnndeundludr

o

t
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o

a

ll or fi?ucin srfin t o rn udruru 50 n u rdonliuuffi uil:cil dt #o o do.uq u qt r q fi n'u#o I d

hinruqlqarr4fr odrflrisdrn'qnnafifi ( p < .0s 1"r:'nd tz I

ornornod rz drf; or:orrrirrsdworrsua2aluludqndarur:ncnuntfiunmdafo

ru.kuun:;ondrun.rrludrlu#ordnruqrprnq$ n:r'iriirdfinrlun{nuulndqndoiirri'e
.A jdy j e dr I e ,- -?' r j-4c---,-----^rr--C^.-e--d-

uultot?1, u?ji!trlu, u?nalt6'lu un1lfl1nu 15.6 2u d?uu2flun21un{fluu0uilqnn0u?

tloo#ruiritrirdu tr.3s iu lur{odhin2urluo.snrrlfi nu'iriirdiinrunrnuundqndo

iird#,u firirnirriu 10.06 iu riruii.dfin:runrnufioodqu dodzdoudru firirtrirfiu

s.og iu
a.slunr:ift,ufodnud,rt{olunwrnunro q0rflouuriu luanrn #ordo.uqu

qarnrlfi fl nfl lunncinotiNfi rftdrfrqnnadd:cildtnzrun{iluto{nrudriisurlwolt$inc
i d s , ! .l It dn l-------- ad .-r ol I

fimolqnnnnufis:fiu ql<.os) riauluanrnrTorfihinruqrqaruqiifinudrilnzrlttnnrit

odrfiriudrdqnrrafifi:srdrnzrua{ilulr0.roludriiourlrtsurcinsdztoupnnnutfiuzfiu
Ja I r 4y o s aa , - ^^---d-a-..(p<.0s) nr:fiilnzrurmndrodrliriudrdqnNa6fi:sildl{ffrlun{flu!,0{nrufr280t$.lqtst

usi a sdrt srqnn nn ufiu?fiu rhtllumrf, nu rrdsrriun?lun {n ut ol arudriiourlffi l:ts
rl r fi r o'r n tr un nehrlup dd.o

s.lurirut o r n'rruJdsuurJnqir srnrudriis urk uunrrond"r.trfi udrunrdlu * ld
uamlllul:Jd 2#xs rflunrnnrudziiourluoro'rrfrflu-n:rnudinr',ruoooru.u',ud.

iio urlr urud qn l lu#o{aruq! qorrqfi l rhl#rfi un1 nr:nJd surnJuon u. u*d.iiorckuu

nrrondormrfiudrur,r$[udrndwn$rfiul{uru 1 iu , t iu , n iu, go iu , +5 iu unc

oo iu rsrfi udnJiumlRltrnlsfim ovndluCrnnnlnu ttust?nl

nr:ldn{ufln nl{utcdnntuduua;ltriu ( oil ) {0{drrdniuoontrn',0d. G*
re53:3e6) dorfuu.roii.ilsudrdrfiui{rflurrur,rnrurutcrfth{rJ3rrsrn:ludr,u"uorduo

o',orillurnis:srnolil drlfirJilrarnrrmufimoletldunnn{ uont'tndrrfir&ldflnu

f, nsrrdo illrqnadrnrrdn*.lulrlrnrg6n#nrudurfurfintmocl: Inonrrinurnrudru

r,'rurs'rrrCu nudnh;ndarudriioudrfiatrnnr:rdsndfiu{uurJrwltl#irJ:4ldflrfr

oonut uam{mrsdr.H{uhlnrs6ndnudutfinorrusr6lfrr l Thomas 1975:133 - 13s )

6rduhJlddr:rudrfoudrddul{ururrfid[uurrolruuulod.iiourl.r *rhi'dudhnr:

dl nie filn r dl ua n a r il?u ran o lrt { ud au r:n tnrcdn n rsrdu6.r an fio u n I

6. Iild 2s uaor}frfiuftnr:nJduurilar$ornrufir$surhuuoqfirfiuuuriudflu

o

I

rfiudrtrnr{uoqiirfiru rsrfiudrrJ?umlnurnlsfintolrr.r{uog$rfiounna{n1!:stlsl?a1
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a

.9 d c i a | 9 .
runn20rHqrRlsrnunrru2u0rp,t{n?uH{0qririuljdol1#n:rnrudruncriu dtriu rdoldual

positive 'lunr:tironrn tsrhl#ldnrnhifanu ucirdoldrrait Negative lunr:tirunrn

urunr:ldrnl positive nuirocrfiuarorduldfntoundrtfil ( lild 30 ) uanl'l#uiuo'l

n n u drdq r o { mn fi n m:tirunrn

z. nT :ift,n9od lurlou9otduot.orfiunrsdriioffillilun:sondtorwdudr nudr
))t

arrfiaforp|urufirdrfiulluru t iu hiarur:ntirulndnuoudrriqfrrauldn:u t0 la
ucirdodrnrrflnrfiunrudziisrclwun:rmd:un$ludr torqnnadrdrfiul{utu 10 iu

n aiurJ:r nq{r n ro dr iio nnl o ii'r,6u d ru u tirup 6'nu orarhn'q f, rau T ri ld n fruar lrrn dr up

I 6'nuarrdrn'qf,rsuldn:u 10 nn arruqnudoitumln n*rdil'torrrJrsriunrud?fiourJruu

inq ldu:rnadlrnrfiuhJrh'hflnrsrduhinrfn d.rfi"olnnlrd*lltf,nionJ:osiritrardru

dnfl nn rhlfitinzrrunnciNt suduiouro;rduqud ltif;"tou

a.nrsflnrfiunrodriiourhdrunr{u rfludfiurl#tunrtrJfrrifi tiriftotltdrrilutinrr

dhiti.rornfudsu rJ:c?rdnnnr rhldrirohiqr 5n#riinrrflnrfiudronrr.luaurrnf,nrluld

iro uurddlr'qfis nrudrfiuurkdodrrflunoruinqdl#drrdrluarnlC nrsdnrufiriioudr

rnJnngrudufuinqln I ld $doriu:rnamnduiiouuinqrfl uuodtcirh{nrud'udifa
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