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CdMmdzj dzdz’ = CtcOR BOAZOTEI8E § tc £ 18 Jo@T dzP dzff s
ftodj &3¢S d d dBjlstsH'™ OdzOdzdL Oe .

[ftojHjdzjded] tojtsdzseduyjmMSédr Meoats2Mmise
Rapid Visco Analyzer (RVAI 50 0, Perten |l nstrument ¢
CteOn BOZO BOMMs?2 2,5 6 (9o Mkz-tsOyzdedH j9
HOdzj j] BBtOL Y- Mdz0OyodzO EktcOo dztseo j h do Odzd
ZOGctej o Odzd HEts 95AC M MetstwsMmis: ¥ 12AC,
SR dZOYHOkd HBS 50AC ftd 12AC/ di3ddz, o' HJt

UjteddsHddzOdRRd yj MSdy Moet2Mmise O fCEadz>d

T o o
=0

HdWW jtoj dzydOdzt des?2 MCOdedtelze h j 2 ¢ sTdsles d d3,
| nc. , Z9o9Jj2yoOtedvw). [BBOLY" CORBOERZO
oL jhdoOdzd dgj f stcj Hilse j dadets o Odz¥ Bd dad
51119872) d HtsBOo dzWvaladH I d dn s fiff tztizls tets B P dzdz
Gjtodzj sduydes L OCter 908 Ils d kZtcOodztso jh do OB s
leEgmMlsts?2 G jtod3iIsdydes L OCter Isr 2 Isdgj dz B '
10Olsj &3 tsBtOL Yy"r dOGtejo0Osls tsls 30Au HEs 1
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17 dzdte jHfj dzj dz' ZzOyoOdz' dzOw Isj B j tOlskzteO (
Ctsdegj ydzOvw Isj i3 jcOsktc® (uv&) d L dzZsOdz § d
9" YydlsOdedw sl Isj B jtcOlskzter Cwdzj ydets?2 Isj c
2241 sH W d €& WRrdyo dz
[ sHdWdydtese Odzdzr 2 CtcOr 3Oz ( Oy Isd dzd te
CtcOn 3O dz) f sdzz yoOodzd MmMBe &zOMmdzets d Budidaji,H 59
Ret nowat i fif disntdiiadatydw dzd. 100 ¢ CtOn
Bz HJMIsd dzdzd tc s 9 O dzdzts 2 O SHT fn) P izl yfj
Ctsdzyj dzlstc®yYydy@sR2'0 f sdzzydls! tcOo desdzj tedzlz®
BOG dzd Is dzlz & B MOz Iz [ Odzj J pH MmEMmf j dal
HsBOodzjdzgd j s tcOMlseatstc® 1 [ NaOH, | tfmdzj
10jd3 & g OCydsdedzs?2 MMy gzdedztfd S B DY
Ctsdzd yj Miso ts d3t5|-|c{ o[uq’telz*fﬁclcts 06 j dzsO (
CdmMzsls©) (1: 5, 1: 6, 1:7), vybt ftdotsH
otsL otcOM Odzqd Q dmn ISHdzlsd3Iz fr]lsfr]lslswdzq’“ H s
ftoslsj COdZO Is 40 8t &) Oy der 6y AHg0O a dzd :
5,5 fklsjd3 HsBOodzjdzdw 1 [ HCI , §tsfmdzj
stcdyHT ftesdgr o Odzd s CdMmdzslsr HJMlsd dzdzd t
CRAZOIsdets?2 Isj B j e Olskzte] dL &3 dzv yOldfd dlzO
f etsfpdefdo udtejL Mdlsts HJO) Istetsdz 250 &3S 3,
LOdd M jdedv, ! Mfz®BRE Qetdzthils J[21B]JOMIse sted dstsls
225[ftejHjdzjdzedj MtsHjtoy OdedwY Oy Isddz' dzr
rdzv tsftejHjdjddy Mmisjfjdd LOdk)"jddw
Oyj Isd dz' dzt %A oc tetiztfftdf j H j dzW dzd 1©dyisidists i) dsds Hdg, V
(1986)[214]. ¢ yd bdazdtetse Odedz 2 SO~ BOdZ (1, 0 «
HitsB O9 dzW dzd %5 Us OdgtlzdzF,5 tcOL B O9 dzj dedzB e ® a1
[BtoOL YT dZzOctcj 9 Odzd dzO o BHWdzs?2 B Odz]
s dzOY Hjdzedw HBBOoadzvdzd 40 ddz 0, 5 da N

fitjBINdoOddd fted 200 B/ Bddz o Isj .
sdlsteseo Odzd 0, 5 dz,. Hal , don jsfigds a 2w d dzH
1 J2tcOdzdL s Odzdz" 2 tcOMlsotste § jtoj &3y " d o O dzc
h j dzsyd . s OC Y J dmf sdz’ L s9 Odzd ¢ s dzls tc s dz-
dmMrorHdtse s dzj BSHdWdydiotseo Odzdetse s € tc On d3C
DS =— P 2

b

{fted HJdzj dzd § fMsHdtey OdedY ftesy dtsdad dz
LOdj "N jddw (DS)
glsdffJ de LOdJ N jdedw (i) sdzstf 59 O gadzy dz
S fMOddzsc s Bhandsr il o SkOisgpaiscts CkC ki
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ftosf sdzOISO CteOn 3OdzO Is ts WAt s Iste g i J dyt®)dzd
LsOdsdzO d fJjtcj B3iEuda @ad §fiadfd GO0 atsasA Qi dz
10Isj &3 MM jdzaL d8 CtcOn BOZO n dzOY HAFE] H
fdsj " do Odzd f 40 Bdz OB3d3z, [ dMef Gshdz! f e’ 6f Qizd
B dezls. 1 sfdzj §Jjtej BJhdoOded™w MMy J daL d
h j2Cjtc (/dgd{dz4MzBB7 2 YOMO. RAdZHJS Ol W j
fs COfdzvdy € MmMemfjdLtdd CSttOmB3OdzZO d dL B
Modzw dets?2 CdMmdztsls . 1 Ododer 2 CkCktokzL dzr 2

SBWOLSd HAY fodzyj ddy ocsdkshstsets L dOy
. OWMdls™ » Odzd M i @elzlzjt dsch 0 dz§ B 05, Iz W[RIG]H dzts
HBH Y Oded ] % fiafQpishgrGs (000 dzd § 5 fydzj H k2 ¥

e g SR (3)

GHj-BYI j a3 IsdIststso GazfO ootk j das e Oydw ¢
57 - Wsteikz d' dzO% BOMMO § owf s def det et 2 y o
fcj 5BEOL 50 Odgd™ gz o L .

_ooubdifide LOddN ] dedv  (JDASdR] Jts Yty dad)dgitisdfe &
Odedzt CsL ', CtltsteOW dBjjl ckfflz L Ok M
FicOodzj dzd j o3 ( 4) :

$ B . (4)

H -1d8s0dzj € &z dzv te dz@6 dzds0m)ifof P S @ d3j Isted
CodzmlsOdEls® ftojotcON j ded W  c-d¥ € el dz' az0 'S to
ftosf d sdzd &' dzsDls G EBEOY W EOGMD s BHEEEH O.

] ZOMisd¥ S Oydy dsHdidydse Odzdzr & € 6O

| &OBtOlSd & bk idds qivE] daf Odza] fstsdzte
COMs gMTBO 1 dzj S BB wLOL LS h 2 tOMmlse Stg 1 &
BsHdY JUydietse Odzdztsc s C O BOEO o 100 iz
BsHdWdydess Oddsc s ¢ GOAERED afts HH d fds'd i
Isd ud dzedd 20 AR dRYsted totffj BHBI " do Oded d BOGC
HsB Oo d2W dzd  f ZOMIsU S Olststs o o' Hjtey do O
fdzj deS stsBtOLEZE N d2 tOMmMlseaste 57 &Oy HIFZ o
fdzj S 5EBEOLEE N j 65 0l stOB)® J Sdetedrdje O dae
HJO®R] stetsds 10 M3, JAKR dfifh dydzh dpeladf " W 5
Y. 1" miEhjdedz §j §dzj deg€d Mmded 30 dzd o telz ydzlz ®
C

L CMdCOtOn .

226 [ftejHj dzfndsdjf j te@Mise sted Bsfisd d
BsHAqW qydtetse Odzdz’ 7  &Ododyr & CtOR BOdsE
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t OMmlse sted dGigts M Is ! (WS) d dzOBkaOdedj ( SI
CtcOr ZOZO B'" dzd B tej Hj dzj dzr M &zOmMdzs
CtcOr BOZO 1, 0 ¢ (W0) ssydzts oL 9o jhdoe Oc
ftotsL tOydzlzs to rffidadsjddmiilzr d fSolststedzsts oL 9
CtcO-BOdz HdMY jecdteso Odzd o 50 d3sdz H d Ml
fizmy j daL ds dZOG'UZ\JCEDOdZHJ utitdaff i 6 B O a3d dz, t

4t 3ih doOded d. o BBJAE sjm dOty O d teitiso @dad
Isd Wd dadfd daflibdzls to 218 ¢ j ]

dbdzdCotslsr (5 &dz) MkzyjtedOlsOdzls® fikd d
d ®BLEOYOjlfy ¢OC Wc. [MOtS, {td
ftejHMlsOodzv &z StsdzdyjfMlsots CtOZ BO®LO, tOf
eOMMudls’ &0dzEP, 1VMS ¢ SOOI ROEO o jtej
WistedBzdzj 5.

WS=—_ — pnm (5)

sz j cdm®ls@dztsIsH j dzj dz, dz2OBEZ~PMP d2 GCOn d3C
[ MsOIts¢, i sdzlz yJ dzdz" 2 ) orh jkzf v dak
Yy dZstcedWzcdieso Odzdwv ), M MsrntcOdz dzdzs?2 9 ¢
Isj Mls dzO@ vydmlskzr MmMEhCE. 1wsBdtct O, dhts
[ dzv tcOMmyj O M smMsedesMmisd € dzOB k- Odad 8 ¢
o J imdejs o ydlsOdzedw 2P MiIse sted d3tsMmlis d

2271 tod ¢ 5 ls 5o dify vzl § te O HedaOtgzddr o tizls dz6sd L C
fMsfils©o O

] Oz teso Odzd i L CMyjteddjdeglsO® d 4§ sflst
ftoesedesL Jtetso Odegd¥ Htosydetsfylsdzr 7 R OtOCIsj tec
LSy jteddsjdalsy (1 AC) 3j, Ukt Mtstlke jlsflse
o Otc! dtolzjlsw d&zO Istejn bktotse dWh. 11 B st
dzj sBRtsHd BsMIs! ¥ Ctsdzd yj Milse j dedets?2 sy dzl d
O ttOLt" o (MPa), vylst IstafjLedgjjdsj daycfm lsdg]dgdd
f4tj i3j dedz’ = d dn BObj BOBduU) MIBHEE ] 5EEO gz
dzd U dzts GIsS @O AdREfzO (%) fi) s HYjAEyIsOst] jY & dzd y
HiBE jtey Odzdj S OtBtdO@EOd§Bdz 4y Is '€
stcjn WYDGbtzite § 20 G edzEf)ls! &O O
dyo { CMEBpLeBPUl@Bd PHdd HdY SEYfE
B CtOn B3OSO .
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tc
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g
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f
s

CClstekL ¥ SOl EORO Meflssdls dL st o
d HjmMSEWE ygHlsOdetso dzj dzde’ J © RtSH] OdzOdzd |
HSC bk d3j delsOydd HOddy | HO:l wsfdse Oddj o
LSdzO | CHlstokhj 60O HEdzy W lSBEHOW o SEZO] H SO
Cshstes? fosnsHdls § &zOo dzj dzadj 3OIs] tod Ozt
b fiyls Odzts 0 dzPQRO It 18'0v s j &3 j © Ok tcdzOY L t5dz0
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HjGtOHOYdY CttOR RBOEZO, ftod ColBtets? HIS
CtcOR BOO fils Ob d&zd £0 &K®.M! R W& Milsldls, Ylsts
f zOo dzj dzd WC[P]L OO0 BEKOBEBISSCO PCL §t€ Isj
ftodotsHdl ¢ ftodzzyjdds §tdiz¢tedmlsOdddyd
G tc O dzlz dz, MRz C s OK T, Isj B JtcOlsztedzr d3 toJ
fMstcj dzcsotsdg  CMlstczr jtoj M btoj kY Isj oy jtc
/80°C/115°C. stRf L dls' PCL/ CtcOR ROdz B' dzd 1 t
SHdsh dj Csosets L CMistezH jte® SJI25 (1 25, +
cdzdyjtedds d COtBBdls S Odz ydw fMmd3jh doe Odzd
BzdzC jt6 Mt MCttshis! ¥ owOmp tad® b A B8 q
Zdflstse L ctdksetd dmMftsd Lo Odksm! GlsH]
I"THEzo Odzdj SoBIBLdydtddzr R SOdzEdz S0
LCMistezHjtej M 3 IjdifjtOlkztedzr &3 L tsdzO d3d
sj B j cOlskztcdzr Bstoizs tzRezl j 20 disdzsoa Cj. - 1 5
sjoddyui MSts?2 dzdlsjtcOlskztsr Isj &3 j e Ols z te dz' 2
ydmssets fsdzdoftosdzOS bsdzO dzO WOLj] Wit
orh j o0 0sOC o2 Nj dO wodwjlmw Hdaw
fsdzd C O @tz@OS Isj cis] dzOfEeducz@. s 1S tc @& o3¢
difdzj Hso Odzdw n Isj B j Ol ktedzr B E/OPLHEO B3
/100 °C /70°C /60°C, dzO0 tsfMdeseo Odzdd Isj B j ttOlskz o
Msdd ikjc® PCL, Hdzw  orswcédoeOdzdv  dzO1
fsdzd 1 Isddzj dz f sMilsjtf jdedets L Oy " Ow ff j dzdzj Is”

2.28[ yj dfo@s 2BfiHis®H | & to O Hf ofirg Iigtsgr -

RLEY] ded § Hj Wieddsk@sfidsdanzth dzjfosts® mfstets o s+
1 [ 8112622017 1 d&zOflszOMMr . [ jltsH dMmir IsOdzd

ud teddtsHddOBd U M dJ O[fr]fn dzj Hts9 Odzd §

RMMdzj Hise Odzd j§ sjtcdzddyj MSdr Mots?2Mmlse
dmMfsdzr LsoaOdzedj &3 HIWW jtoj dzyd Odz! dztsg ts m¢
1/ 200W (Mettler Toledzo, skl j z@k@Od] &
Isj &3 j tOIskztc© CtedmMlsOdzdzdL Oyd d (uvfm) , 1
CtedmMsOdzdzdL Oydd dL SCtde"™ s [ 5. Il My du
OlsBsMW jtedetsds HOodzjdzgdd HEts d f sfmdzjy d it
ltcd e tslstso dzj dzdz" j ( 5d dz@d3zt) Mz ke tt®a @ dzd )
Odz¢ 3 dzd j o' J Isdedzd d f tSH o yst&cADpdify &afy g { ¢
cool #d@YOdzO Y tetsB " wWOWtsy b Bezd M Stis e B 63d dz d
sMisOQodzv dzd dz©@ 1 dBddz. 1 d&zv dL d&3j toj dzd wd3 Is j «
o dH e ,LOIjdd Bn dz@®) HiPszd i) HstaEInlig' dg. 1 00Is j d3
fsolsstodss dzOGtcj o Odzd His 200 A¢e23, 284 M
RIMmdzj Hse Odzdj] bjtedddyj MSdr Mot2Mmlse { tsdz

Mddr csdedzse s jteddui Méisects OLAEZOPSC Uk
¢Setarame o HJMERIBJa] JUASEccPdd 0 BY a3y i t
dzOc tcj o Odzd .0 Bls ik dejicsAlis: ¥ 10Uuw/ d3ddz o d
M stesmis! ¢ kst O 30 dd difdz. s[ORHMfp@ sa@ o
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sjteidsceOo dd3j stedui Médn dMmMmdzj Hse Odzdd d
MisOdzH OclsPr | Baf@Btslse jIsMmise j dzdats.

v jMmls dz0O etsHBtj L dMmlsj dals datsyls !

Il sHBtejLdMmlsj dalsdesmis! dL d3j tew dzdiyligptskd d W d
[225]. J Milsj ¢ dzw dedzlz ¢ Blzlsr dz€ &z sSBi j B3
HdMisd dzdzd tetso Odzdes2 o SH OB BEEGAR 0 B&icDU
ZO s dzZOHSCE ) tlseo jtemMisdjda HJd O] Istctsds
ftesC dzZOHC Iz L Olsw ¢ do Odzd zO Gettedz h € j fn
Odzt Bddzd j os?2 Ctr hCd fm Bl jteMmMisdj i3 HJ O,

fsd3j " Odzd o L @S tfrtdeflz 2 OSA@Ij tas H j] EZMilstets? fils
f SHHJteY do Odzts f sMmis W dzdzlz © syd dz dzd L €
sBd MY J udoe Of Bz  Md dzd ¢ OG § dzj . 1 O Mmdc
cdcectetsd3j Ists [ OB tcj n IsO. l s o tcj dzw d M
slsdesmdIsj dz' dzlz® %. 9 dzaOy dasMes®w 0 ¢ 86, Is thydpzts G
toj Odzd Misd ydzr a3 o jtended d3 § toj H j dAt6Hg tsdsComstdrs|fi
o jdedw otHWdsets fOtcO® yjtojL §d
o jhdoeOodedw BERISr dzZcEC COYHT™ 2 YO
| d3 SLSJhdSOdZdJ ftesdLoeotHddzd j Y4
o Jdedw dzgj HBMISdEeOdzZO { tsMmistsW dzdzts «
gL 3 ewdzd otelzydzze RBISCtesdzj stesdz COC Mmtc +
RMMdzj Hso Odzgdw 5 MtsmatcOdzdesMmisd =~ dzj B tsB
[ JHdCO dMMmdzj Hse OdedwY Y68 ~tcOdzj ded ®
OdzdL 8 dztf W gzd 1 O HfddgjzdpE -~ dzO0 ts-§) Gt & 5 dz@ Islsiz
CL) M Ovyjlsddzd tcts oOfd@ig tfp SOUIEHD m d3 Qg tecf) ¢
Mstsets UBdZd*ldeZJdZOLDiE’dEL)QB?fHWJUMSd%@WM
Odzddzd © EMmMdzsedwrn Isj i3 jteOlskzter 20
Isj uddedd 7 MmMklt.
RL d34 dzj dzd W o dzOY dztsfyis d d Cdmdztsls dats iy I
Istcj B89 Odzd W d389) [ v 8218

229 yj dzC O MR HewOH ( ddy gz Mis d

Il dtsH ] Ctlc®OHBlydMilse j dedzr = EMmdzsedwrn ftese
esmmMd2mMSdd3 MisOdzH OIS v L Pwlasf . 9 [ § s H
dmtfr lsOdzd 2 dzO Emlsts?2 ydo sfls ¢ d3d € tots
I syeo jdedzr 2 Cd3fsMmls BT dz ftedetslstsodzj dz duL
fiMCO, sotcWlsdal » Cdzd yj Mlso Or 8 BOAMY
5 dzjetsd "ddB3d BsSHIV¥JCOYdWw isd. sBY shl
B3 MW yoO tutcd 12 0YNjSed tsH rtcOdzj dedvw ¢ s3] sMls
tOL o dzjHJjdz® YtcjHJ kY dd6DbdzOoy dd ) kg=ge
H 5 dzy dzO B' Is! 30N5 %. 1 Of O f syoe" H 5
dmtfr lsOdzd 2 ) Isj ud dzd J GSHO d MmMrteOdz” |
HJted oW dzdzg whdgeon. vfidzse dw fteso j HJ
d Misj Mmlse j dedets?2 Mmtej HT B dzO 25 % B da0dz0O Skt
100%, BjL HBSMIszf O Mo jIlsO, kJ ek | € Bl ts®!



JH@, t1 JiMisimBs ] GedesB MEFHBY EMBEdE "
CozdzZssdy rtcOdzd dzdm: o dZzOBBKOISESKd .
vi Ml O BJSCttsBtstcj L dMisy dzls dzs s
fdStesBtstej L dMisy delgdets tiztiz' = ¢ Sizsis 4 to s
Oc0OdL B9 Odgdz" » Mtej HOR (OB EZJYO 1) o Mt
l 1 emfjtedd3jdzlsy BF dzd I sz L s9 Odz" €
G toc d B Aspergillus niger, Penicillium pinophililum, Paecilomyces varioti,
Trichoderma viride, Chaemium globosum tyJj ddoeoOdzd §t d
BdtssBtcOMisOdzdY CtiBf sL dydtsdzde = § dzj dets¢
Msslseo jIsMlsadd-8% | Juvuv 28206

fte
m

v OB dzdyfOy J1ldzG& © ddzls§ deld o desmisd B dtstsB e OMISC
Ckdz skztcORd MOftoeslstetsW dz" = ctedB S5O

visjq Jc Jyi ¢ © &BOIsj ted OdzO

tcOL o d K
MOof tots s te
GtedB s
( B Odzdz

0 [ Ol jtedOdz dzj wodzw jIlsimw f dIsd

ctedBtslkmlsts?2 ydo. ¢ tsmMisO dzj dzC

1 t sfmils ctedBBo dzai L O Isj dz dzj

mMdzj H' ©EMISO lsyjlsdzdeots o dHd

2 [OljtedOdz MtsH jteydlIs fdlsOlsj

sBj My jyudo O Is dzj L dzOydlsj dz' dz
ctedBtse &sCOdkJLEjIsMw o dzj M
yjdzsds dzgj Bfsdzjj 25% o jtend
3 t sl Miste twOMftejHJdzj dZ B G dz
Bt d MDD, RoOkraoOw o
ftso j tof dztsfyls d

4 t sfmls Slyjlsdzdeots odHjdz dzj o 5t
Btsdzjj 50% e jtrndasisd. [ OI
Csdzdyj Miso ts fdIlsOlsjy dz' dzg" ~
BX&OctsftcdWIismlsoaze Is tcOL odIsds

5 {ud & Mmdd d&ds sdsniesd g dd?

ftso jtendsfmls! O] ted OO

(ChsCMdCsdsecdyujmMSdj Mots2ilse O

[ dzw dimmdzj Hse Oded v, d B tsalz’ LS oAy disdiEfdscts
BdtSH jGCGteOHOYdd, HBBOoadwdzd o 10 didz flsj
d efmMlstewrndoOdzd o Isjuyddedd 1 &3] dz, L Ols §
skt jdL ds CtikftsmisO §tsdzj Hise Olsj dz/3dzgts do
fs 100 GEEEHE @Yo JH]dJY dhHftd Lo Odz
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f dlsOlsy dz dzts?2 Mmtej HES2 . 1 OfMd wdedz" § YOGS (d
(BsH j 20/ 68 , {{dd c1dsmMOdze, [ Oksadw) )
Codztsdzed J sBtcOL 28 h dj J2864 dzd fyd ¢ teBs@ S jjtc R
sSBteOL yomn SCBRBYISMISO tcOMMydisr o Odzd ( s tsdzts
&ZO0 a3z Memf jdLdd) t(t Wsttdkkzd) (6) .

(6)

JHJ: -Shizsded j sBtoOL ZE MOV jHJddy dzO o3

RL 03 toj dadlrtc ‘RS

RAWtcOCtcOMmdzr J] M j Clster tSBOL Yytso rRidzj dz
ANzted j -1RMIY J CIstesd3j stc® ftod € sdi3dzOlsdes? s,

4000 40 0d¢t.ff wtf j CSister Brdzd oL WwWlIsr o ftej H daj
MC Odedteso Odzd 2 ) OL ] "GQagjjfgisog§ fisgteOL
sOBdzj IsSd, ftdzzyjdzdz' | BjstsHsds ftoj e C
slso jhdoOdd 1 e dMmMmdzj HEj B¢ of totghhjtdifls oke
HsotsHWw tBhd2 o©ojfm dzOoe jMEd HB 300 dG.
Miszy Sl d dudsj d2y@stediz. o Ils Jftedscad oml L dsj
fited BI"doOdedy dMmMmdzi HEZ] BScts o] "-§ HlsazP
f sz yOdzd IsOB dzj Is W, H BB IFtdas® KT sds 1
gz HEj Bsets o jh jmMso® BM dzts ko j dzd yj dets
ddzls j dzfd o detsisd f sdzzyj dedetsets MY j S IstcO.

2210 sOIsdMmisd yd MC d2 @ daBapid®Ed yd M¢d?2

rdzv MsOlsdmisdyj MSs2 SBEOBGISCd HOdde
fescteOddiE | BM Sk &&OISjt st ik dyj 1S d -
9 Cdzt yovw OdzeOdzdL MtejHdzedr L dzOyjded?2, Ctste
( ANOVA) , O OCy Bdztsy j )l j dasmbzEj dzdin
GOl j BOIdYj MSsets sHj zdtese Odzed™ d Bt
ftosctcOBBRZOY Micfw® Biyg wk®l ofgls Olsd fyls d U j
OL dzdyd? dBjyHE ctlzffOodRd {§tddyd dW dnw
fMtejHddR 65 Stedlsjteds [ kdeS OdzO.
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3tryvfPuvouvy rRuglrpdl

3.1 l sdzlz u 4§ dzd J d d migdfjdgtig) Gdedlj=  Wnd
CCkztclzL dese s, C OwlstsW j ¢iz2ddz@ &©® - AR dayf Ystzt
HdzZ?w HOdz dgj 2P j2 fjtjtcOBBIsCd

) esyj Mg fodkzyj ddY S©OR&OERO dL 0
fhjddyk, CkSbkwkLbk d SOwsW,jd , §ij*r
e W L Odgdzlz ® fn dn  dzth 9 @dzudemd@d d3di d g S8
Bl sksedj?2 cweOdkd [d&v §hjddydscs ¢
WeOCydd ¢ d J Hesftsdddlsjd ds shdsydv s
Bj &S, Wotdkdkshdn Cdj2C¢soddkz. Glsd
CeOdkdr d IbkjBlksls L d&Oydlsjd d 5 o6Hd
skChiobLdr 2 d COls¥ jd df 2 € tcOf o
COL &z Yydets?2 W sdscdj?2 d MsfsOstsd, Yl
HdzW  dr fteddzj dzj dedv o §dhjots?2 ftesd' M dzj
slstcOfmdv o .

(v fMwOodedlsjdzr dd 7 dMMdzj Hise Odzd2  H-
COR BOEOB] dLEyOddh:' Mos2MkssO® COLlkE!
RiMdzj Hiso Odzd ] KEOLO&EGE ik d§ 1 Aol Ed
sdf dyudz j HISO DM £ Bl s e d ] e ik dzts
DI jdedydsy 2 CORBOd dqisj jls B d &K He@dds S
1) SOcOf B0k cwOdkd Stk ds?2 dddipddse O
Ciicd Mk dzsCIeDI Oz &3j € dj ¢ O el desqclfii=
) [ jde P2 ©OL-CRE ®L dgQaiEizbds jldzd ydo O] Is
jehdsmls! , Yt oddwjls &O oSHB] & &S
T ROd: Ok dr k¢ dsoidBiE  ¥KE dr p O Ot
NfjudeOjls MsOBdd dsils! cteOdzd ftd
sOlsY jd dF 2 SwORKROd: swkfd j ©Stkcd
BC 427 I sd "2 ©OL&Bj Mfsmseflsekjl o
T ddi3 MesAisassifded Mz dz§ SBY mdscdv G
COR BORO fkh jflse jdedets odzdw jls €OC dzO
CcOR GO desse, -BOGIMj NP Wifa gTfpso O ¢
ZOB LR O) ;ssfls:, owLCwMmis!, IsjdifjwOskico
T OEOClkj EdmiEdCd
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f tseo
CteO
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0idzOdodz 2 €k Iztelilda@IsAf o OF ®RGdz s st j

d2OIsdo dz” 2 N Jj dzd wdeh 3 oz to ERTEROd Ay, § dpd Y ez 2
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v OB dZdiywd g yjMEEIMso O S On BOds

1 8C0OL (1M jded| ¥ h jded{y Olsdoly Olsdoe| | Olsd 9 ¢

r2 "2 1| fhjded SkECkE COtels Y
CtcOnd3d CtcOnQ r2 r2 r2 GCtd
CtcOnq S 0ORC
l dzOy dzty 6.6800 4.9500 5.3800 7.1933 5.8700

% NOo. 2 NOo. @9 No. ®§8 NOo. 01 NO. 05
1 sdzr dzts  0.0601 0.1993 0.2463 0.2061 0,5100
% No, @2 No. &1 No. &1 No. 3 NO, 01
utsHj tey 0.0184 0.0382 0.0375 0.0416 0,0672
J NOo. 0 NO. &g NOo. @Q NO. ¢C Rpo,004¢
W s Ol

%
e SHJjtey 17366 | 6.1033 | 1.7066 | 1.4300 :
i Bz No. ¢4 No. 65 No. ¢6 No. 01
4 SHJ oy 21.3666 | 23.5833 | 235100 | 24.3233 | 18,87

J NO. 44 No. 27 No, 33 NO, 34 N1,43
O a3 dz® L

utsH j toy 0.2423 04679 0.3347 0.5769 -

J No, 01 No, ¢°1| No, &1 No, &1

dZzdf %t

p < 0, 05L dz®gjjdadizj N SD (n = 3). 1 dz
gdd&ijehdy wWOLder j BEGOT , L dzOyd dits tc O
dzC Oz (p < 0, 05) .

] bOBddyj 2 ftjHMsOodgj d ~Adddyj MS
RMMdzj HsSe OdzdY  S5C OO@dzEsL 'Yk Iz k6 dpez n
CkCktokzL dese s @ dfORjsdadisdgyc 20 MR Y j i3 kot
mMtsslse j IsMmise j dzdats) . Clsts ECOL" 90 jls dzO M
f dzslsdzr » MlstekzClskzte o tOMsoatste®OR d 9 0Oy
Gjdzj sBtcOL 59 Oded s H j tOIB®dedfiz " O dztsL T L O]

CzCktokzL datsets € to PRE&RE dBA92],( 2 4,lsTs%) Mise dzOMiz j
b2 ydo sfigsy jsMCe dszj todisL Hj 2 Mlsoadé d B O
HBH ]ty Odzdy dzdf dHTBO, COC fYCOL Odes ¢
ORddzsL . [ dfdHT oLOdBsHj2Msaksls
Oz dztstf j CIsd dzO, - sOB@GEOHY dztzf §f B d3f dzj ¢ " ,
tcOMmiscgtsfipldf o WEZdeC ydqesdzOdz dzr | Mo ts2MmMlsea O
dzdf dH 59 (0, 5769 %) Slsdzj yddz k SECELE
fticdetsHd &3 Hdzw fJtedd3j dzj dzdw o MmilsOB d dzdL O
1 sdz! dztsfls Wodw jlsiqpw ddzHdC Obststesdz Mts
dtoj Hd L J @B azOezsoCte f M -Gzt QB3O dz | H § d3ts dz
Slsdetsmdlsj dzt des o' MsC d2 kttse jdz@ L sdz' datsfl
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f e LOGwwLdgjdzdjd3 B &z Od3d d Htckzce d d3d
gz jIs MOz or MsC ke L sdz detsfls (0,510
00672%), Yylsts Bl widgw jIsfpw  jets ftedtotsH d
GdHtotsW cfdzJI dz(227, cif608.2 s o

HBSH Jtoy Odzd j Bty RUBIste Oytedipts Hdzw ¢ OtelssW J
Co¢ W s Olsdz" J Ctolzg ff r Z dzkz yh O¢ Is 9 BH
Wstcdiddtetso Odzgd owLCdm G jdzj2. UL L jtodztsor
CSktekzL dzr 2, MBHjy Oddy WBMY OB dzd )y 4 ,
WizdeC ydqderdzDdine 52 flse On .

Il "Mty MBHjY Odedy BJ dz¢ 59 L GOG WHO o2
(6, 1033%), Yls ts f sylsd olstets ftcjorho
fhJjded ydlste@- OdzO (1, 7366 %) . Clsts BBI WM
H dzw fdh jots? f tesd3r " dzj dzdztsdnisls] , BJsSPOQIs ! ¢ Of
GJ oz sBtGOL SO Odzd™w d dL d3gj dgv Is Isj SMiskztclz
or MsC 5] MeHjtey Odzed] CBPEBBBE i j O 5CIs
sjndzdud MEsets Jtodd3j dzgj dedv, dzOfteddzj te, o
Bsclkls 9" Miskzf Ols! Obsisazd d thdzOM PR d &zd L Ols t

l ZzOy detsfls+ CtcOR BOdzse o Otc! dqkzjlsmw o
1 0der Mh d2 Ektetse j dzr o dzOy detsfyls lslsd341udz>
Yylsts dsy ils B Is! mMowL Odzs fmp JGEB rmscts
CteOn GZO Az dd3j 4 s =EOQ@LAEY Idg! dz'd 2 9d¢®>|dztsfnlsc[

ModHjlsjdzt Msakzjls 5 joets ff dztslsdats? MistelzC Ist

l tes9 J HY dedz" 2 OdzOdzd L f RCdakd WwidnClsd, j s
CtcOR BOdztse Isj Mmdets Maw L Oder M dr MtsMisOo tsc

{ d sdzsedyud MS dd o ts2dds@CO 8 1§ t6 Ohrd3O difffot
SBicOLtSO ™ 9 Ols! owL Cdj md milsj d3r f tod dzC
fsHo jtoy J dzdetsfyls tcOL tolzh jdzds MlstckzCIskzter
BjnOodzdyjMSdr dOcdtekLs¢. Clsd Moats2flse O
MsHjtey Odzd j &3 OB dztsd B Ezd \BI MBS B @te
(lsOGBdZdYyoO 3, ttdmikzdsc 2) .

tdsdzsedyj mMedJ fnais?fr]lsac) CtcOn BBO dzts ©
~rdBIUIMEdB MshMisOoatsds d oL Odd3sH j2Mise gV
O3 dztsL O, Od3d dztstf j € Is d dz, dzd f dHT d Bg,dzC
FnOtcOCIjtedLiEzs hdr twWijtdksedyjmMits] o jH]
CslststcOW dL d3gj dgv § Isfmw ) ftesyj My dzO G tec |
otsLHj2Msadw. J HOdzdzts 3 | dz M dzjcy ts olz® dadf «
nOtcOCIsj, icdBistd@ O hdj HJddZOR]ES H W00 A g d
9 Cdzt yovw d¢ ewrLCtsflsd (Peak 1), d3d dzd d
BjyHE 1Isddzd 1 COLOIjdvwdd (Breakdown)
o jdzdyddzz otsLotcOISO owL C stkd? OIS E PhHsB® Y  C
Temp).

&
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v OB dzdiy Q@ BIZSEed yd M dJ

1 Od d3j dzly Peak 1| Trough 1 Breakdowr Final Visq Setback| Pasting
SBicOL YyG Temp
1 h j dad \ d 2858.00 2069.33/ 788.66 | 3282.00 | 1212.66 | 79.88
CtwOR gOdN222|N172|[N19¢ 7|N20° (N189 JNO .25
1 0 j dagd 1 d1312,33517.00 | 795.33 | 1160.66 |643.66 | 70,01
CtwOR BOdN14¢ N2 96/N14° 2|N13° §RN15° §N1 °4
}I Sf gzzf S'f [ 2998.00 1993.33| 1004.66 | 3370.33 | 1377.00 | 78.25

alpN b N b N a N b 1K a
CuonaodN15% N3 5N170 7/N28% £R3 12 IN0 ¢
}; IZOE g;gz 2841.00 1648.33|1192.66 |3335.00 | 1686.66 |75.9

b | N c N a N ab 1 N a N b
QmO:cWDlez'le' N7 .277/R1923R7.2121R0 .b¢
}; 8E g fs ;F; 2686,00 839 1847,00 |865 1821  |72.01

N b | K] e N J N d N d ~ C

Congod V122 N12e /N124 6/N129 (N12% ¢N1 4
p < 0,05; wtejHdzj | )aRQ pdaffj oN %D H(
lssde yo, dd&j*hdj ©OLd j BESer, L da
Ctdljted® [ EdSOd® (p < 0,05).
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dodzse s fhjdzdydesets SCtcOnr BOZO (2998.
sCtPsmdshisd ¢ dzOBkzrOdzed® d tBtOL 58 C
OL Olsj dzd [k -Steojrdisordsc(s2 8¢68. 00 Ml ) d
41.00 Mml) fsHIso jiey HOB s dr MaBHMISS
d3w
tcts
E

"0

, bk COlsts¥ j dz dzsc 5 CdeOF s30dDy 4 IS(s2s6
BsYy JIs B' Is Mo w L Odzts fn smtse J dzdzts
Wddzt desmilss 8. a4 O3 2 dzdL Cd2 dJC-o9wWL
BOZOG (1312.33 Mml), Yysts dBsyjls tsB
s, Ctbtt’ | ~fOsgdf v IsicdDedidzédls dzOB Iz
[ ddzd 3O dzt dzOWw 9w L Ctsfls! ( Trough 1) t
On B3O dz! dzts 2 f OfmlisT ftcd Hdzd Isj dz! detsd3 dz
COLOBjd& &OdeBdzj) o' M d2 bk d&OIsdo dzt
5 ModHjljd Msealzjl & Odgdw] iiphdsds? algp B
CtokzL desets CtcOn BOEZO HOdzdz" 2 HfBCOL Olsj ¢
WL Odes i jet o M2 Cwdyj delstcOydJ ?
Ltcr ok MistczC kLt OnIBOMdzd td3gz’i B HzOd d3j dz'
LSCtsMmis! 1 Y 51 A0 fffisHlseo jtey HO s jets dad
OBkt Mt dsMmis! € GBtOL o Odzds f dztsk
{ OLdd YO d&ixHE fdEsd3 avwL EsMisd d odd
tcOCIsjtedL zjIs MisOB d dz' dztsm s CtcOn 3O dz
| 4 L dE@§JjOdedQjls jlidtytsastds d3j yj des k2 € C
47.00 M), ybs MedHjljdz Mlseakjl ts j
ZOctcjo,j. |1 OBBGSEEIS, o fh g dedydz 7
| dzd y dfiste &~ dEOYdA® . 33 Ml z 1¢7h8j8dzdb pdztshigits)
LT 90jls dzO dr BtdzjJ MlsOBddz dzlz¥ Mistek
s tsdzj ydzOw owL Ctsmlis! (Final Vi sc) t
s’ 9 0Ols! ¢ J dz i smdzj Sm dZOY H J dzd W .
dqieso Odz0 I ZOlsdo desets M j ded ydatsc
j ey HOjESC Y ¢t syB dats ) ls ¢ tcj stots
Isj dzd bk CeQrdgogrdsc(s32¢82. 00 Ml ) (
0
J

Ao =og
SOTF— I H

JFogIne =0
-Foar&sNG

M>FrO00 §09NGGES
O
us)
v
&
qQ—
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N« —~— 11
0+ a o

0 M1) MmMoedHjlsjdz Misokzels tsB drn =t
dzd v . 101]’telslsq’a, COteclstsW j dz' dgr 2 ¢
C tsdzj ydzlz & Wi Ctsfls! (865. 00 f
O isfls! 8 9 tj syd My dzOGt]j 9 O.
duddzO oL OtWOISO 9WLQtsfr]lsc{ (Setbac
OdzO, CBIststeOY 90Oy dzO HdzW Wstediddtctso C
BOdetdpra2c kS LOWdSEMdeso Odz B CECEtolkzL
BinndeJls jets MC dzsddesmls! € toj Istots
sn dZOY H Jj dzed . lrmsCd?2 fsCOL Olsj dz
Odkz0 (1377.00 Mm}), ylsts HJ gggdly p
ClsOn szo[telsa(Ddz.dzls;? sj CMskztets?2 .
Jdz &z (8 @ g@zds(643. 66 mMl), ybkt
g3 MH jtey Odzedj &3 B dzC s, ftoj fwisMmlse
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v B J eOELzXPs] cfaOyddg T elsnpdpf Jsus@as ik

Colstes? dOyuddzOjilsmw sy mm Cdj2 st
f5COL OS] dz dzOB dz8 H O j-IstEH® R dgd dAPM j( dZoPY dBEBCARC
fhjddydstsets SwOTBOEXO (78.25AC), vybkt
sjtedsmiss2Chisd. s k¢ ke drd? ¢t @F dgd d kg d
Cdzj 2 Mlsj KFBOWAL) , yYbts dsyjls BrIs! fMow
Ctsdzyj dzlstcOyd J 2 dzdl]’q’Hlsa, fpded ¥ 0¥ M = Isjd
ZdLCd2 S OLOkj &2 tc@F BOdp@zd UiBsctGlL AC) |
B' Mistelz® € dzf 92 Mystg de Jdz@aytc j o § .

UOQo[ds sBteOL 53, OkzOdzdL toj sdzsedyd MSd
sBZOH O Is bkddSOod dr 3d - OtcOS |
i ted sj od3tstsB tcOB B EEPdz d h jddR
CtcOn B3Oz H ] dIsdzmis;tcd gl OB d dz'" dat
¢ tcj stesctcOH OYJdd, Yls ts t
dz' L so Odzgdw o Hdh jots?2 {totsd3r M dzj dedats il
C?2 bjdkmMlss2Ctsmis: ¢ d ME dzts dzdzts s
SHd s Hdzv  tod d3d iz dedglr dz'o M dnds OG d dzG € BF
J d3. SOlsW jdzt dz" 2 CteOr B3Oz ~OOSCIs]
ZOcGtejoj, dets dzdL Ct52 Ctsdgj ydets2 oW L ¢
ftesHEZCISOR M H dzd[R27,dz 4024009~ tc O dzjj diaf jydz -
On B3O dz, sSBEZOHOWY dzdL Cdd3d fsCOL Olsg dzW o3
j tcdssykzomlseadlsj dz' desfyls: d dzedL S k¥ My tsmsse
jdzj 4 UBHABHWNdd Hdv, (dbioflehfpEEislY
nded Ui BYqdsd dzj ded@yj dgff dgv oL O BsMmewiL j2 d
Lemmmdqucd%q ~nOOCIsjedMmisdC OB dzOIs d
stote j dzw y d ts dzdz" 2 O dzO dzq L fn dmf sdz/ L 59 O
1 demsdzO o ftotsetcOBBA] JSHPIPISSQ o dz) dz'Is O 8 tzd &
Cotetej &z ydd d&@BjYHE L sdz! detsilss & | MtsH j to)y (
ydese, 9 dzOY detsis d O Is OCPgak vidEaSity Thaglighk tc O C
viscosity, Breakdown Final viscosity Setbackd Pasting temperaturg j L z dz! Is O
Ctstotej dzvw yOds@atafsic@® f toj HMIsOo dzj dz@r dzO ted Mz o
tdLiEzd OIsT OdzOdzd L © fsCOL Odzd dz0O dzd
Ctotej dzw ydesdzdz" » MoawL j2 &BIYHE WwHAHE
By &zCO dd3j s MmMddz dzz¥ tslstedyOlsy dz' dzzs € E
(Peak viscasy i r=-0,991, p < 0,01; Final viscosityr =-0,997, p < 0,01; Setback
r=-0, 916, p < 0, 01), Yylsts MmModHj Isj dz
OtcOCIsjtedmlsds M Izac;dzq’ludzq’cid3 MsH j oy O da
stetej dzv ydw dzOB dz¢ HOJ Ismw )y ddgfspH Ed MW Bt
OOCIsjtedmisd ¢ Odz3d=-0,F % p<k0,0¢; iTreotigh sigcasiyr = -
0,905, p < 0,01; Final viscosityr=-0, 806, p < 0,01). GClIsd
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1.00

3ona 0.47 0.06 -0.05 0.34 -045 -0.01 -0.16 0.52 -0.05 0.14 -0.22

docdathl - 0.47 -0.45 037 -0.51 -0.44 -0.45 0.75

-0.50

035 032 -0.15 -0.25 031 -0.12 0.12 -0.26

AMunosa --0.05 -0.45 0.07

>mwﬂmanllaﬁllanllllﬂmllﬂﬂll 025
Mwmnﬂ%llllanamlllla%lellluﬂ

-0.00

Peak_-O.Ol -0.51 . -0.15 .... 0.51 ...

Through --0.16 -0.44 -_0.25

Breakdown - -0.01 049 051 0.30

. . N _0.50

Pasting Temp --0.22 -0.42

~
©
(0]
o

3o0na -

X 3
: <
g § X

dochaThbl -

AMunosa -

Bna>HoCTb *
Through
Breakdown
Final Viscosity
Setback
Pasting Temp

{ dMkzdetsWBte3ej dzv ydw 1 d to iftfddsd] yHi doyC dWad Lf osCCtdD
ZOkdodsyr T CwORBOd&ss, ! toddj yOdedj: HEls

{<0,01; *** = {<0,001.

HBH Y Oded jf ey Plsjsed dgs S St dzdtelz j Is

< 0,05) d ydwOdd (r = 0,374), ybkt d&
oLOd®BsMawLd BiyHk 1Iddd ¢t sd dals ©did

d
_ s OBddzds G PL Odz' s tetsH ddzOB] ud MSdj Mo
B § cOYgEIOB JdedL Oydd d L desoOdz fdv (&
sBrBHJ®BEZE Hdzw  tcOL telzh j dzd W dB3d ) Bsdzj €
CteOr BOXZO d fjtejrtsHO dm 9o OdRteW dsj Mtsf
CteOn d3O dz' o jHEIL MmjBw Htod Isjted3dyj s 2
fif s desMils! Wsicdzkdteso Ols! @ j dzd
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vOBd-yQPoksHddZOBIU) MSd] Mot2Mlso ® CLOR

1 Od d3j dztse | U d&u | Ut | US| oH (J/9)

SBicOL YO
1 h jdadydze 2 |[66,8N0 .2| 72,680 .2( 78440 .2(9,1INO .
CteOn B3O dz a
1 h jdedydze 2 |672N0 .2[ 72,680 .2( 77,50N0 .2( 580N 02
CteOn B3O dz c
1 Osdoedz 2 [589MNO0.°[6760N0.°(788MNO0 .2(8,74\ M1
b

1 Olsdodzr 2 ¢[5650N0 .20 654N0 .2(78,64N0 .2(8,90N02
b

1 Olsd o dzr 2 66,230 .2| 69,3 0 .2 73,980 .» (54401
COtlstsY j dz' dz d

CO0 BOd
p< 0,05; wdtejHdzjj LdzOyjdedj N SD
Mistsde yo0, d&jshd] tLoOLd j BEZSS', L

Ctodlsjteds [ kdz2SOdO (p < 0,05).

UjBYj OO &OYUOLO ¥ j dGskcourdaij@sy d o
TsH®BEY HEY RZOYUOdO &OBLEE OddW cteC

B
qodzsets fhjddydssets (58, 97AC) d Ckz¢
L' 90dls d20 dr dzjeClks Ikjtddud MSkr e
| dzd U dBt@Ash d§O dzts © dZOBYG) ,AB[MA @)dz o r h j, ybts
s2ydots?2 MbtokzSlkztets?2 ¢ tcOdzlz dz.

dCtsoOW Isjfif jtcOlskztc® sisdz®ly Bizdic O & ¢ Iz
es?2 sy M 3 j zZOsdddL Oydd Hhisdo
BOEO (72, 66AC) fdCtso OV Ol gy jrtg Ols
Jsjdz mMsealzjls 8 jéts MmlsOBddz detsfylsd .
| d
z

N’qﬂ'%%

ddL ¢t LdzOyjdedy (65, 42AC), uybt
t4ﬁc{: B Mstcse s ftocdcetslstse dzj dzd v .
Yydzow Isj B jteOlskztc® X J dzOlsddzdL Oydd
CRAzz dzr f§ sdzdztsfls ¥ tcOL tckh O Isiqpw d  jtoj - S
oMmMjn CLORBOdEd, 8dHCLd (YEB,®BAIC 90O
Emsts?2 ydeotsmls: o Ctsdzgj ydets2 WOLJ Isj cdzssSB
CdzlsOdz f dw N 4 dzOIs d dAff 5 O fa@(judgH)ls o 5 4
2 BBHdBS2 HAYW okt ©OLtkh jddY ¢t
bSO BOXZO (9,11 3/ 6), Yylsts MmoeodHjlsj dz
mMmewLwg d o' MsCts?2 MsOBddMdzr desmisd. 1 dL €0
' Y/ 6) cetotstedls 8 Btsdzy J IdndgGeBES rts Bii@@BLRVISSE, 2
MisOB d dz¢ dztsfls
1 hj ded yof @
jets EkMmlsts2 yd

FHesd I 00O+
W 0T LT 0OF

w00
mLInm

O:¢d3®dz: Il " mMesCdy LdOyj dzdw v
otsfis: ¢ bkjttdduj MSs?2 ©BEOE



stejBEZjIsmw s OB d dz' dats s - MstekzC lskzter 1
sjtedtsMis OB qAA .dzrf 7 Mk i

1 h jded YdziSe OnidsOdatc O o dzdflisfjL R/ Oes eseH (5, ¢
ModHjlsjd Misakjls © dBiddd fesyd » dBd:
Isj B j cOIskztc® Y j &zOIs d d&fte @Aydfd dzty dg;, dz, dztzs tedzj db
cOLtlzh jddwY HjdOjlk jets ojdd J Mlisodedfpz

Iscjtt<;d31'sfr]lsc)|3c[dzJ dz" » ftesHEZCISOR .

1 Olsdoedzr 2 M jdedyde 2 6§ tcOn d30dz: b6 j H dz
dzdL COvY wvdz (58, 97AC) Hj&Osl jet dz
fticsHEZCISOR, Istcj Bk hdr Edj tej dedets?2 Is j to d3t
L Qo j teh j dad W (vOL " a7/@j, 18 7 A®) s ydetsfls
LOC dzs ydilsjdz desdz 1 IsOfj] BBtcOBBISC .

1 Olsdoadzr 2 SCkSCEktekzLdzr 2 CteOr &30Odz: g 5Yy
or MsC 2 a&H (8,90 13/ 6) ECOLM 90l dzO |
d MbrtOdzj dzd¥ fMilsOBddz! detsfisd HiGE Islis® Is Bt iy
ftocdetslssodzj dedw d Hdzw fteddzj dagj dedw o ff dzj ¢

s OtelstsW j dz' dzr 2 CtcOrn &3O dz: g ORROW dzdL € O
(66, 23AC) ®©ltcOy0Osls mMdzOBIZzY CtodflsOdzdzd y
tcOL telzh O dzr d3, dzts d3d dzj J s Misi©dz dz' Islz] U3 ls
ftosd3" hdzj dgdesmisd d Cdzj jor -~ MmMtsmisOeatse, Gt
[227, c. 40024009.

1 hjddydsC 8030 dz d SkSCktokzL dz D" OB
Emlsts?2 ydoe tsmils & | yls ts Hj dzOj Is dn ftcj HY
HdzdIsj dz/ dzf d©3 Mes S tsd3 ~tcOdzj dz2dWv d Isj ted3tsfiyls C

1hjddyudzC B OonrldsOdz d COtclstsW j dz' dzr 2 ¢ to
ftesyj Mmtse, btojBlk¥ hdan djd' " j2 1 dzgjtecdgdd
BYeSCdr MistozClskzte dqdzd BOIsjtcd Odzse M 56 to(

vO0Cdds BBtOL 53, Mtc ©o dzd Is j dztadgr d3d y M figdn
Mots2Mlse dzOIsdoedz » CtOr BOdzse f COL Odzd o
AL dSdsBd yd M dd Mo 52 fiffisords o § tEQ& @& dg@zdets Is
o tsL RIS Y dets M is dmf sdz! L s Odzd W H dzw f tetsd L
HisB Qo dzj dzdzts?2 Mmistsd ditsmils* & dzOf tcd i3[R28,c. B d
91].

3.2 RMMdzj Hs9 Odzdd G5 dBsH-dN-§ ICOF gz daPh

10 Ghdses Oddd OdOddL O d&Okydes?2 dzd Is j
shdso desds Oyjlsddzdictso Odzdj S©OR EOEO § tofs:
Odzc JHicd f @d dOYj OO, dzj HW des2 &S fl f) dats 2
fesyj MO Oyjlsdddss Oddj f§tss sHddd
MMy j dL dd fn dmMf sdz’ L s OdzedJ &3 HdMisd dzc
HdMY jec ek N jes OCjdlsO d cdHEsCMdHO
s j d3tlsitaesth C5 B H dz@Ctts ' Rjs OdzOdzdL § &S OL Oz Y
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Oyjlsddzt dzr = cwkzfgf. 1 MmeowrLd M yidd, Oy,
Odzc dHtcd H . l dzdwdedj BOMMsett?2 HBdzd E2CME
otsH] d MM dasMmis! € d&@Be@- Gd® Ptgj isffl
Is©B d& yd

) &Z20yd dedw Mmisjfidd LOBIMNJjded? o Ct6ORrC
L IsOf Orn t6J OCydd OyJlsddzdtetso Odzdw, yYlsts ot
sBh dn H dzw CCltolzL dzs@ sl odis ot jddgvy dztz® s Iz
Cdzj 2Mmisj edodrylef d .o fydls™ o O Is © MjBWw oOBHE
1 Issdz dzOBlzr OW d ke jddyde Ow owLCMmilss |
ftotso sHddzmw o Mmtej AL fi) Sldsjsostf ¥ th @IS stc t8 X C 53 o
GHJ tj O YydddzOY MtejHO dd3j jls dzdsit t8d)H¢
oBBtO 9© MiBWw 6] OCyddadzze Mtej HE o dzzls
zo jdzdujddjda ot i3j ded tj OCydd dzOH Bsdzj ¢
MstczClskzter ctoOdgzdzr tOL telzh O Isqw d Ovyjls
odMisd tjOLyds OyjbsdEzOecHyBded20)Y KBS j €
Oyj Isd dzd e 800 dzO G tedjLin iy d o dzts 2 dzOy O dz' dats 2 tc .
Csdzdyj Mo © Oyjlbdazdteckze h jets Ocj dzs©O dzOB «
tej OCydd, G tc Odzkz dz" tcOL tolzh j dzdz" j i s fMdzj
Ctsdzdyj Mlso © o dgGeld lsotdyiC dj "Hisfigsdg f © H dzv L C
ctozf f Od3d, tj OCydvw ftoslsj COjIs d3j H dzj dzdz] |

456 dzOMdets tjLzdz IsOIsOd3 IsOB dzd yr 5, d
SBdXZOHOjIs dedL Ct52 M smtse desfyls & ¢ dzOB L
Cslstster j] MsMisOo dzv 8(lss/ A,0D9 6() w)Misdclsd j & H)ls ¢
OBddzsLr o Hhjdzdydesds ¢ d SEZCEkztokzL dzsdz €
Motslso JIsmise jdzdets. 1 r MsC sy MsHjtey Odedd Oc
¢ Iz, Ylsts d@sdzj Sdzr ORdadzsLr o Ctod Mk
Codfflsxdzr i3 d §jtej §f dzj sORBY S BR3dsE R ¢ s wz
fseo jtorn dztsis: , ctcOdzzdzr CtcOR BOZO MisOdztso !
HgWWEZLdd dBsdzj CSkdz o 5H213,@6687c0dzz dz St OR C
)

v OB dzdbu @ dzd W dzd tcOL dzd ydetsets Mmstsisdatsh j dad
fhjddydksects ¢ SCttOR BOZO d&O oMl sted di3ts
zOBEZzr Odzd® (SP) d Misjtfjdz@ LOd M Jjdedw On
l o] o 15 16 1:7
( d3d dzl WS SP DS WS SP DS WS SP DS
g/100g % g/100g % g/100g %
1 2 3 4 5 6 7 8 9 10
0 4,05 5,39 0 4,05 5,39 0 4,05 5,39 0

No, 1 No. o No, 2] No. ® No, 2| No. ®
(0] [0]
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ltesHtsdzy Jdedy ISOBAZdY" 5

1 2 3 4 5 6 7 8 9 10
40 549 | 528 | 208 | 406 | 489 | 12 | 345 | 545 | 193
No, 2 No, g No, o No, ®|No, ¢ No, g No, #{RNo, ®®¢ RO, 0°
b 7b o b
50 | 330 | 555 | 202 | 406 | 496 | 197 | 356 5,46 213
NO, | NO, g NO, o NO, 2{NO, ®*¢ NO, 0 NO, 5] 0,000 | NO, C°1
c b ab
60 328 | 58 | 1,95 | 773 | 618 | 205 | 286 5,67 215
NO, 1NO, O NO, 0 NO, B{NO, C°C N 0 NO, 6| 0,000 | NO, D
c b

p < 0,05; wtjHdjj LdOoyjddj N
L dz2Oyd &5 . OL dzd yOs Isiw &ixHE Mis

o]

td OCydwy hBsHdWdSCOydd ¢ CtcOn 3O0dzOl { tof
CteOr BOdzj, 1 Ists LOadMmdlk Bl ttOLBjtcO® d Mmlis
CteOr BOZ ddi3j j Is Bq’d3tSH(Ddz desj] twOMtcj Hj dzj c
Bsdzj j 20 BECdB 9 HdOR] BtePr ZOEOH PRI P &
10 BCd3 o Hd Od3j tstE @ dzlz dths dzff I§ to d e s © O dzg t
n0k®jtedMmisd S d f So J ton dizts MASEO dzlf dz' W s & O~ d3C

dzd dzL so dH dzzy Wistcddz d HIdMCtsBtLOL dzlzs Wt
CtcOn BZOAZzO d d3y éizo[q’ﬁi;z&“ g B)SHOdzr dzzs  BsteW t

) sOB @zt g4 © j H j dzr HOdzdzr j o dzd W dzf Wn Iz filgd
Odzc dHtdHO dzO© tcOMmMlseo stcd dztsMls - ) o SH J
Oy,  Isd dzd tc 6 ©® GeBztiz® tzO .

v OB dzdbu QA dzd W dzd j tcOL dzd ydetsets Mmstsisdatsh j dad
fhj ded Wzt GO 7 BOEZO 20 t©OMlse tsted Bsils: o
OB LR Odzd® J(BP)L Qdzjiflsiidgd ™ Ovyjlsddzd tetso O dadk

1 tej,q 1:5 1:6 1:7
d3d dzf ws Sp DS WS SP DS WS SP DS
g/100 % g/100g % g/100g %
g
5,94 5,3 0 5,94 5,3 0 5,94 5,3 0
0 N N 0 °f N 0°| N 0 °f N 024N 00
0,65°
3,78 8,18 0,96 4,39 7,06 1,2 4,67 7,13 1,32
40 N NOo, N 0°|N o, 00002 |N 0°¢ N ob 4N o0,( N ©0
0,14P b
3,73 7,66 1,01 4,01 6, 76/ 1,36 3,80 7,13 1,45
50 N N oc°c(N ob|N oc°| 00008 | N 0F N o0 4N o, (N O,
0,17° b b
3,28 7,76 1,08 3,86 7,33 1,2 4,54 7,14 1,3
60 N N oc(N ob|N 09| o000 [N 0°¢ N 092N OP(N O,
0,13° ©
p < 0,05; wdtjHdeid LdOYjddi N SD (n = 3). ) dOud
L 2Oyt @3sdzd y 0¥ Ismw  dBj yHE Mtsets?2 5 Ctdlsjteds [ IzdzS Odz
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J

LOC dz¢ yJ dzd 4 :

ftd

CjLbEd 5O

n
Ctsdzyd dzlstc O

Ctsdzyd dzlstcOyd d

COL &Bj tOB] CtcO

Ylsts d3j dz& dJ

zo J dzd ug ded J
CtOr B3Oz M

UOBdZ@ff[]@C{HJlSJdZJfr]lSSIZJIS s Istsds,
Co¢

rRoIwRs II0
O F "G B0

&QQ— T .0

v OB dZFu QA dzd W dzd j

0
075"—“

g
| dz
J
j Is
dz
J

sSL T

9" MBC 2

Iz
Y d-
1:

~ o3

L J tedzO

fr;]tﬁ)f@l@(%b J Ag@OG3H O
OaNd 20 011,33%. N 10 ,i!
LiJtejdz 6 OCydw
tc On B3O dzO
OyjIsdazdtozs dgg 2 2B j ez Is

Cdzyg dzlstcOyd d

sB des s’ &
OQodzv s Is 5,
I O dzdz" J
J dzd

¢
238

(%)

L Od3j " | dzd J

d ydzts ¢lts § WO dgO dzts o
Gy Odzd j 8 Odid dztsL
d dzd tets o Odad W

to

dMmMmdzi He
o d3j ded toj

9

Oy sdddul

fisd g4 de ®

d 4, 4

L Odgg

(SP)
(¢/ 100

LOC detsdzj todztsisd dzOB dzt H O
z

d

J
Yy ls
d dzOlIsd afdkr @ tc Of"dziOddaf  das B dzOgH
dzOB z = Odzd &

s
h

)
dzd W
S

(%
G
S

¢ G

g

mizmy J daL o
9LOddBsH | 2MIs

9]
4
2
Gl
ml

f

fr]W

CChzjolz L dgig alis IsCOE
o sL dZgs ) dzts
ZzOIsd o dzsdz S k€ Izt

HOdzj § Q@ajj l4fdsdacptg teos@gds

thqu-

tcOL dzd ydzets G ts

1 Ists

OB d&zsL O ©OL Lk Of sfyw,

fr
g

Ylsts  fdzed

Msslsdztsh § dzd

(ORI

CCktokL dzse s CtoOR BOEZO 20 tOMlse stod B
dzOB z - Odzd © ( SP) d Mmilsj ¢ j dz L Od3j N j dad W
ltojd 1:5 1:6 1:7
&i3d dzf WS SP DS WS SP DS WS SP DS
g/100g % g/100g % g/100g %
0 4,40 5,28 0 4,40 5,28 0 4,40 5,28 0
No, 2| No, O No, 2| No, © NO, NO, ©
0]
40 5,66 7,44 0,69 4,92 7,42 0,77 4,35 7,99 0,8
No, ] No, ®(NOo, g No,a{ No,B{ N ©°| RNoO, No, (N1, 191
(0] 0]
50 4,91 5,49 0,91 5,34 7,54 0,79 2,01 6,64 0,84
No, 8{ No, b(No, o No, s| No, b{No, o No, No, ®o( No, ®
b b b
60 8,09 5,93 0,88 4,41 8,14 0,86 1,99 5,47 0,86
No, a({No, o°d No, 0 NoO, @ NO,OCCNO,ONO, No, 6( No, ®
[ c b
p < 0,05; wdtjHdeid LdOYjddi N SD (n = 3). ) dzOUd g
L dzOyd dsts tcOL dzd Y0¥ sy i3 rezR Otlg®B GR SO0 C BHF B tod®
v OB &z y® 7 sOC y J fsCOLT 90j Is, Yls ts

¢ tsdzd
e 52
fwjd

fls o

ud fr]lSSG

EChEzMmdse s

a3tz J h®s J dgdis Gl
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tjLizd O Brd& kOS] ftdkz Jsxzc 60nfgth |
Oyjlsdazdtetseo Odzds CbkSbktekL dzséts d SOty j
(2006), ¢ tslststefdid taftsozOd@fdgd tEfyRRe s 8a8. C BOR
HOdzdz' & flsdRrijyls, Ykt ko jddyujddj otj dj d
Ofsosted BsMls! CLLOIBOEZO o oBHJ o MmMist
Bjhjddw. 1 s MtsHjty Odedj OdddztsL
st fls ! ej OCydd Oyjlsdddtetss Odzd v , (
jsddzdtetse Odad v . lted dedL Cts2 filsj f j dzd

OR BOEO ftojddkzh jfmise jdedzs doBjsls €ted fn
Rz, Sttt j doj cOMlsotsteddsr o otSH,
LCOVY MestsMmis! twjosydd Oy jtdsdoidedte s s0RREd
x;s B' Is! wBEfdsse dzj O ¢ tcd f)ls @aideoidd d
5¢ ZOMdzs H Oz 687 BOB cdzd yS tc O F GO -
d dzd te s 0 O dedQjday dlz Meig@ufiminy dxlz” dsd € tsdzyd dzls
dudes s otej d3j dzad, BBsy des MU IsOIls! o Mt
Hts 2, 15. 1 Mmewrd M yjd ko j dzd yj dad
rdzts fesf steydtsdzOdzy des o9 jHjdzed® Oy
n oMMz Hse Odzdw e SOCYJ] MmodHjlsj dz f
sBMlsotso Odzs ko jdzdyj ded® dzOB R Odzd W

BOdZOR; BHABOSt ko jddyjddj dzOBk- Od
]
d

ST =003 &
Fga@dsce 20

_o:
o) r O

tesf stcyd sdzOdz! dzs 9 9 j HIgsiagrs j Opy'j dgdff d
sjdzt dz2" B ©® CtOR BOEZOR M dedL Cdds D
CON BOdzj f BB&j2B2e@24hsSdds DS (0, 12

sdzj Hzs dduEssd BsHdU¥ duydikzsh jes OCj dzlsC
CdMmdzs s O. [ dzw ftotso j HJ dedW MicOo dzd Is § ¢
GeHd¥ dydieks h jes Oc¢jdksO  Hdv HOdz dzj ;
f totsfdtssrn Odzdw f totso s5H d dzO iy O dz0 dzts ¢ d Y dzts

§r O PIIFOFO
OROGHT

O "~ §F= o0~

l dzdvw dzgdj dBwBOMMBsots?2 HBdzd ftosf dsdzso 52
d Mftsmtse detsfyls ¢ dzOB zrn OWA ® 3@ deds {f i ts fad figls
Is ©B d8{9j 0.1
]l MtcOodzj dzdd M EC Hisfgie] gdz®@ dz®@ Y H & d fiy tztls
e dBOR T 8COL OO dOddjdz hd2 tjL lzdz OIS
d 10 ECOL"90jls Yysts M ke j dzd .
dzO

C 9
bojddude Ojlsmw o dzjL dzOydlsj dz dzgts? Mlsj § j
Misd § 4 d¢Jj ded@dgy sOC xJj €0O0¢C d ftod OyYyjlsda
CeOR BOEO. uv0OC, d&Ofddjit, bk §hjddydeset
Ujd® & §hjddydesets | d CbkChibkLdscs §tOr
t OL &zdydw o MmilsjfJ ded OdBJthZ»Q’W Oyd Isd
sBmiss®y dfydy d o bidkssdwh t©jOSydd,
Cqfmdzslsr . 1 wmorh jddj IsjkfjtcObkzer ftodotst
or MsCdds DS, Yyt ESCOL'90jls dO ki,

BdzOc sy ted W Is dzO.
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v OB &ZBYD dzdw dzd§ tOL dzd ydztsc 5 ts fizts ¢s ts 2zts C jf dpofir

fhjddydses CttOR OO ¢ dO w©OMmlse tstod iBts
dZzOBkzr Odzdt ( SP) d Mmlsjy  j dz LOdgj M Jdedvw
l o] 1:5 1:6 1.7
w, WS SP DS WS SP DS WS SP DS
&B3d d4 g/100g % g/100g % g/100g %
Is
0 4,05 5,39 0 4,05 5,39 0 4,05 5,39 0
No,a| No,® No,4| No, D No,4| No, 'O
40 | 2,98 7,16 | 0,02 3,88 6, 16/ 001 3,22 6,15 0,008
0,%(No, ®¢4N0,®d No, 2| 00034 [No, ¢(NoO, O 0, 0(NO, 9
50 | 256 6,99 | 012 3,21 565 | 009 | 293 5,69 0,07
No,w{No, 0(No, % No, (N0, 6(No, *?¢No, ¢( No,0|[NoO, D
b
60 | 275 645 | 014 | 3,06 5,09 0,11 1,16 | 501 10,09
No, ®{ No,o|No,n No,o|[No, ®¢(No, 0¢No, ®#JNO, 0 NO, @
a 3C
p < 0,05; wtejHdaid LdA&OUjddy N SD (n = 3) 1 20y g d
Ld&ZOyddidts tcOL dzd yOer sfmw BiHE Mtsets?2 s Stwdlsjteds 1 kg
OB ZP YD dzdw dzgd ] tOL dzd ydese s M ts Slsgdspdztyjloizd v
fhjded ydetse ts | SO0 - tdg@idOo tstc d dits iy ls - 9 9 fSHJ
OB krOdzd® (SP) d Mbjfjdzd LORjN jdedw
1l toj o 1.5 1.6 1.7
( Bd dz WS SP DS WS SP DS WS SP DS
9/100g % 9/100g % g/100g %
1 2 3 4 5 6 7 8 9 10
0 0,96[0.05 0 0, 96/ 0053 0 0,96/ 0, 05 0
0,013 | 0,0012 0013 | N o2 0,013 0,00F
40 2,65| 6, 16 0,005 3,31/ 5,23[/0,00 2,56/ 5,18/ 0,00
0,0024" | 0,0019 | 0,002% | 0,03® | 0,0024 | 0,0003 | 0,0028& | 0,00023 | 0,008
50 2,01 6, 12|00, 00 2,63 4,38 0,00 2,61 5,02[{ 0,00
0,017 | 0,0021* | 0,0186 | 0,038 | 0,0025 | 0,002 | 0,0062 | 0,007% | 0,008F
60 2,32 5,32|0,00 2,01 4, 010,00 0,99 4, 230,00
0,021° | 0,0023 | 0,038 | 0,034 | 0,0082 | 0,023 | 0006 | 00052 | 0,032
p < 0,05; wtjHdzjj Ld&Oyjddy N SD (n = 3). ) dOyd dzgd
LdzOyddiis tOL dzd yOs s RBjyHE M2 5 Stedlsjteds [ kds

Il d&Omlsswh jd3 dimMmdzj Hiseo Odzed d  totsSO S &5 dzO Is
fsdzeyj dz, stz ylsts dhftsd L so OdzOMH) Bk
[233, c. 283] 1Jd §slsster § Qo lstster fs¢OL Odzd, Yy ls
H dzd dedgtst?? 6y Yy diede" = S dMmdztsls dd3j jIs Isj dzH j dz
L Wdte® CttOn BORZO 234286z] Jt cjd:.@f Wz DS ils j € C
MmO MYy edyj MS d -~ s Bfsdz N j
d ®kdde "ji2 MEstesMmisd H( BOIsted Y
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v OB dzdOy-Ql dAJw dzdj tOL dzd ydetsets Mssisdesh j dzd !
CCktokL detse s CtoOR BBEO €20 9 BOMHIs o(ME) Bis
dzOB zr Odzdt ( SP) d Mmilsj ¢ j dz LOd3 N jdzadw ¢
l ] d 1:5 1:6 1.7
(®Bddd ws SP DS WS SP DS WS SP DS
g/100g % g/100g % g/100g %
0 4,0 5 28 0 4,40 5,28 0 4,40 5,28 0
NoO, 2 , B No, 2| No, ® No, 2| NO, ®
40 5,16 7 05 0,003 4,61 7,01 0,002 4,05 7 53 0,001
NO, © NO,OCONO,E)NO,FP No, b{No, ®dl No, ® , °d No, 1
50 4,21 5,01 0,003 4,21 6,32 0,003 1,23 6,23 0,001
NOo, 83 No,®(No, o No, 5{No, cqNO, 0 No, a({ NO, ®] NO, ®]
60 6,23 4,26 0,004 3,18 7,26 0,003 1,35 5,01 0,002
NOo, ®( No,®(No, ® No, | No, c°dNo, 0| No, o{ No, ®( NO, ® 1
p < 0,05; wutcjHdzj3) L zPupPugf lzdN SD{ GGhHFZOR BHESE M
Ld&zOyd dsts tOL dzd yoOs Ismw d&jyHE Mets?2 s Ctodlsjtedy  kdag
1 0 tidso Odedd ftetso jHjdedem 7 dMdzj HisSo (

Efls Odzts o dzj dats,

Odze dHtedH 503,

f dzj dets &,

Yls ts

CEOR BOd |

sSB d&zOH O Is

f sz ypadkdsH | GtcOH f BHzf BF £ © .
ftcco SHWIsmW

o ygd e

H dzw

Yaf b j dad ydel & dzlh yj dedz” 2
oy OCydd 50 dqdzkzls;
Yaf b j dad uldet B dzlz y j dzdz 2
tcj OCydd 40 d&ddkzls.
3. 3 RfMMdzj Hiso Odad W

fh jded ydzg B-C 9O 7 BO dzts o

[ dzw

10i 40%. |
Ctsdeyj dzlstcOyd v n

f zOMlsd% dS Olststc ©

dL zyd ded W
f zOMisd¥ dS Ol st
fhjdad ydal St @®n gO dzts o
s OB dedf tpjj H hls @9 dzj dzr

tc ts dzg
fted

94JHJIs

fsHatsHWh dd DS
v O¢

HOdz dzj 21 d ~
Oyjlsddzdtetso Odadzr =

fts

CtcOn BZOdzts O :
fted

§wd

i tsdzlz yj dzdz'

COCded ™ Ok
i sdzkz y J ezt H jfrEr tddO Hvd teH
dfmfmdzj Hs9 Odzad 2

Eidse dv B,
Eidtse W5

®

¢

f ZOMisd¥ d S O

cdzd yd ted dzO
LSkl g4
Br d&zO ftetso jHj &z0 § O
cOMmlsw y ja@jdz ot
clzdyjteddz® d § tsdzd o d dzd dzts

¢

9JteBWIsdzs MoawL Odets M Is§ d3,

fedosHdls §&lsjts]
L dzd yd ted dz

Mtc©o dzj dzd ©

o1 MG Iz

3]
Cdzyj desteOydd & dzdyj teqd dzO

f"Jddudesds ¢

¢CO¢

f esydatsmls
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10%

f 50

dstsH d W

z d3j dz' M j ded ®
Yls ts

tc Of

o dzj Md dzd J

a3y I o dad sdrim§ sckdz"f e Sfudigsdzts
f zOMisdW d ¢ Olstste

fsCOL !

M fsdkzdodddddaztse &3 MY d tcls s d3.
dzO tOL e’ 9.

1

1 0der M ¢
C tc O dfauijls dats M jff dedsdy | elels fipts
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O

T NGESH

cOL to

0og RGN R

S8 Fd

z L dzts O3
Ldydwn

o dzj dzd ®

dzO Y O dz' dzts 2

fr

I’SJ

fn

v OB dzdl{ ® dzd v dzd |

LOMmis™ >y § ded J

H dzd dz" ,
ftcjor hOjls
J dzdz" ndzddsj! l9'ts H AP C O W
CtcOn B3O Az} ,
10%
- £ 86, R 2@,dzj o
o1 J4JHI z@-
sLdydd M fsddeddddass @ M Jlstsd
fs5COLOdz dzOd 3y dz NiBHdD, &g L Iff
f dzZOMlsdW d¢ Olst

Ctsdzyd dzlstcOyd d
ftod ©OLt" o j

CGdzdyj teddzso " 3

27,

z

47 %

st ftod mMsf sl
tcOMmilswy J ded d

R

Hd dz2Odzd ¢ © dzOB dz¥
Zodetsd M jj
Cdzdyd e dzso ' o3
CBaL®g s dzOd i
Mstsise j I

Gdzd yJ4 ted dzO
BsHdWdydtetse C

f d&zOf)!

] &zOMmisdW d { Offlswy jdedj %tcd tcOL Y
10% | 20% 30% |  40%
1 h jdzdydz 2 ¢ $€50)0n 30Oz
l sdzdo ddzd] 31,53 28,56 °N| 23,215, 10
i dtcls 6,69¢ 6,34° a
L dzdyjtedd 41,57 38, 742N|31,6(22, 85
4.362 5,67° b
1 h jded RO R 3O-aD) ((1: 7
l sdzdoddzd(35, 66 (32, 423N 428, 3523, 13
f dicls 4,792 5,228 |b
L dzdyjted 48, 32|43, 532N 438, 3734, 73
4.272 5,44  |b
skCktokzL dzF 2 HBWOR BOAz
l sdzdoddzd(33, 27|31, 362N 426, 3418, 61
i dcls 3,692 3,95¢ b
Jdzdyjteddids, 2441, 882N 435, 4¢27, 47
3,832 4,76° c
p < 0,05 wtsj Hdzj j ) daRQ datkd j oN § S0 H(
ddzjs hdj twWOLdz" jJ BEZGCOT L dz20yd dits tcOL
[EdzC Odz®@ (p < 0, 05) .

vOLdd3 SBEKBOL B3,
¢ kdjde M jdads
| a3,

or Wodzj dats, Yt kzo j dz

teOMmlswy ddBsmisd f dzj oz
Ylsts odsj Mjdedj Bod hsets 0t deds Jofih
dgdswRi ) f s ydetsfls d f 5 dzlz Utg dedp'tsALls d I gizgz
s dCHastem®@dz! dzj 20 dr  d )y dzizd 59 @dzdz2
Jj owlste @iz 1086t dzj |



3.4 toJ W] dzj dzd § sSlsddz0df sezikny j g ) ls O isE

BJGBH ] GicOHff g gzlizth 2 dzO s ) dzts odjts H Y W df iyt icdsg @O
CteOn RO dzts § f hdEdOCALY tc 5 dZO € Is s dz)

O dz20Odzd L dzOEZzydzes?2 dzdlsj tcOlskzter ¢ OL Odz,
sfdztse ji PO Of esdzOCIstsdz) o CtOR BOdztso
sSBd&ZOH O Is dzjtsBatsHdd d&3d HwOSIsdyj MS d dzd
BdtsH jGcteOH[dtcl j dgeffls d M yjd3, o MmMtsmisOs ¢
99 J HJ ¢237PcClBg.

[ftcjHJjdzj ded § sflsdd3Odz detf #F s @Q&DOdts of
ftose sHdzdfd o) SftejHjdzjddj dd d3d » Oded Yy M<d
sO¢ COC ddi3j dedets d3j m Odedyj mMSdd Mots2Mmise (
1 CedatsABd gl j i ©T Isof 4 ilE Y sMtse desflsd ¢ tcOdzlz
ftsdzzyj dedzr 7 dzO0 dn tshdse j .

rdzv dLizyjddw oddW deg®  {ffrasisa@ofifs ¢ f) dgfif
stcj m W OC Iststodzr 2 f dzO dalf dzCCdh) h JOE dsdsjtedzls O (& |
9 Otc! qotdp OUAHW Jtetso Odzdze” d3d L dzOyJ dzdw d3d f te
ANOCIBEEH ] 6 Odedd N j Hdq@bEew® nEk ey Odz
G dzd Yy j to f &zD M t6 90) to NCOAmBjts dzOIs © ¢ Oy yd iy i) dzjCralk
odzdwdzdj tIsdrn Itejnrn W OC st itdots tp@iztof Is7 ts HOAEE
(MPa) . [ ObttdyOj Hddgdy tcf§ BisfzsO0dydd M ©
CteOR BOzts ©

v OB IZROOC sste’r d bktsodd dn o Ot dietse Odz

ANOCIstster Lictsoodalicd Oydd R dzls j o9
stedlsjtcd? |stsHdtg|-1 0 +1 9 Oted O
stcOn WOdz, |X 20 40 60 20

L dzdyj ted dz,|Y 5 10 15 5

S OB sdzOIs |Z 2 3,5 5 15
COodzwdw,

3.4.1 [ftejHjdyjdzdj sflsd d3Odz: dzr 7 Mts
dBH | ctcOHI tklz gzt 2 dzO smdzts o | Cdif sL dyd
h jdzd ydetse s 1 O tf @ edfO@HOG thz@CHY s dz)

I OBk GioPH BRIStcd YO 1+ ¢ # filides § dzgses(@ |
BSYJ SR Vs g Y OC sstedzs e s  azOUOH ¢ € By @ d
OlskztcOdz! detscs L dzgOyjdedd, O sOCxJ dL dfjste] c
Cf jtodd3j delsOds ) §h jdedyde @3 SteOn B3O dzts o3 |

[ dzw MisOlsdmisdyj MS 52 5B tOB SIS IS t5 Hi |
Bdztsy j Mis o j dzdzts 2 dzffdfj Qs e B cifeg s dzv j Is
BOIs § BOIsd y PO Ylntd dBts s - ftesydzsmisd dz0 g
CoiRf sdaj delstse  Mmdzg Md .
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v OB dzd3y- @ 1 Isdz" j

Misfhls 0o

CtcOR ROM@EBL L2 j d&g' & Hdzw
HJ W tstc &30 yfg dstelZidn IS o

¢

5 d3fnts Lo doisfozpdz" ~

BOIs j B3OS yd M¢ 56
9 LOadmddsmisd Bls MmMtshlis

1
) ?f”g$g1052m®m1@r4 L@OmtgFE?Sﬁb
x |y |z P hjdzd gl dzd yg {e Ot BY dtedyd fr
] € 6 ORWq % % H Odzdz j

11 2 | 3| 4 5 6 7 8

111 (1] 1 60 15 5 25,66\0.12

21 0 |11 40 15 5 30,12\D.05
31-111]1 20 15 5 35,54\0.07
41101 60 10 5 16,23\0.10

5| 0 |0 1 40 10 5 21,353\0.17

6| -1 0] 1 20 10 5 26,4M0.27
711 |-1]1 60 5 5 6,47D0.05

8| 0 |-1| 1 40 5 5 11,59ND.12

9| -1 |-1| 1 20 5 5 14,80ND.18

10| 1 | 1] 0 60 15 3,5 22,96\0.34

111 0 | 1] 0 40 15 3,5 28,08\0.37

121 -1 | 1] 0 20 15 3,5 33,20\0.27

13/ 1 |0] O 60 10 3,5 13,20\0.55

14| 0 | 0] O 40 10 3,5 18,3\D.77

15| -1 | 0| O 20 10 3,5 23,44\0.35

16| 1 |-1]| 0 60 5 3,5 3,44N0.50

17| 0 |-1]| O 40 5 3,5 8,568\0.55

18| -1 |-1]| O 20 5 3,5 13,68\0.24

19| 1 |11 60 15 2 15,44N0.33
200 0 | 1| -1 40 15 2 20,58\0.61

21| -1 | 1| -1 20 15 2 25,68\0.18
221 1 | 0| -1 60 10 2 5,68\0.08

23/ 0 | 0| -1 40 10 2 10,80\D.06
24| -1 | 0| -1 20 10 2 159N0. 09
25 1 |-1| -1 60 5 2 30N0. 16
26| 0 |-1| -1 40 5 2 400N0. 25
27 -1 | -1 -1 20 5 2 6,16N0 . 39
p < 0,05; wtjHdjj LdOyjdedj N SD (

[ sHjdz2 3detsy j Milso j dadets?2 dzd dgj 2 dets? toj G to
g4t d3j dadzlz & f tetsydatsmls O tOL ter o ( MPa
fjtcj dsj dgtzn g toqlOSE Pr B3O ZO ( %) , ftsH j to) Odzd
MsH jtey Odedj CacCO (%) . v tcOoaz] lxidd Q o7de]j dzdsq
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z ’
~ A W n W t~ . ~

) . Q Z¢H X T8 0TW
pRH CWW  0Zd @)

IHJ Ty mdzs G 2 dggetb @OV j"H d df Y@tsH j o) Odzd
CtcOn fgOflg®OH j toy Oded j;zEgas[hyjj i@z | o Ou

[ sHjdz fhistesj dzO dzO 27 dzOte diaf dzQ@ dafiff -1
0.973, ybt tL&ZOYOjIls, vyt 97.3% dL &3 dzu
fMH jtey Oded j &3 C tc O 3O dzO, cdzd yjteddzO d Ce
0.970, vyt MoadHjlsjdz Mlsakzjls s o' M 2
syj dSd MtsMmils OdasdWziClOL 1 964 6, daPls dzj B sdz! h 5]
ZOB dzék HOJ d3F = L d2OYJ dzd d yp el @ c§ B8 ML Od Qdzgzt
ftcjHMIsOodzj 2O © IsOBdZJYyj 14.

SOYHOwY dzjLOadmddizOw f jtcj d3gj dzgdzOW € O
o dzdw dzd ] 2O f tesydatsfls! -L dE® YtgkEadie '080,1 . s A
MH jtey Odedj SCtOR BORZO (%) COL" 90jIs- tslis
0.230) , Yylsts L dzOyoyj Is, ylsts ftod ko J dzd
Fdzj dz' " OjIsmqw. wtsHjty Odedj CacCO (%) ¢

odzdwdedd (SBLOGNJuUeBeasteBO@®O] ¢ dzd yJ ted dzO
fesydssimis: (St WWdydjdls 1.839). 1M ¢
fsHiso jieyHOjls slMmiklsflssdj &kzd Isd¢ &ddddsj

OB dzd YOy LS O S WWdydj delsse dstsH j dzg

b e o3 dedgs 5 W q‘;hsoo[gzg 8;[.-dZOu f-dzOu vIF
s 5 dzi s O dzls| 2.627 1.457 -1.803 0085 |8
s oo O 0.230 0.0194  |-11.867 |<0.001 |1.000
o «114 o ?‘:; 1.839 00776 | 23.705 |<0.001 |1.000
gi:géte 3 ?Od/j 3.000 0.259 11.600 |<0.001 |1.000

tdLizd sQOIsT HdMY J ehdtsdzdzse s OdzOdzd L ©
fsHIse jteyx HOE s, yYlsts tojctcj Mind sdzdzOW dBsH J d
P < 0.001), Yybsts L dkoyoyls, Ylsts dzj L O
sBl wWidgv 6 Is L dzOyd s j das figief  fH testsiay dzts(fig lsi3]] daig@ o to

dlsOlsdmisdyj MSOvY tsyj 2¢O ftojHY Sdztsy § dzad
16. tdLbkd sOIsodd&y @sPsg Ot daed®: Is, yYlsts
dstc BOdz! detsd3sz e OMY toj H j dzj dzd © (P = 0.29
fsHIso j to) H O jsloy,dzOWls & dEffig@eldn v  § sMis 5w dzdzO
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s OB dzd YOd Myt j ted sdadz’ 2 OdzOkzd L BisH j dzd

RMssydalsj i jla zdgdzO |d tcj H dad| F- P-

o Otcd O Mo sBHC 9 OHIGLASC O OHeOL dzOYyj|L dzOyYJ
(OF) (SS) (MS)

i Jeteg i3 2267.680 755.893 279.098 |<0.001

[ Mls Ols {23 62.292 2.708 R R

l ] et |26 2329.972 89.614 o) o)

v OB dzpYWls AlsdmMisd yg M oOw tsyj dzC O o] HY tsdztsy

ud Mmlis ) 2Oyd dedd |t J L E2adz
vjMls dzO dats tc &3O day aiakkd)| 0.296 ) G52 HJ
v j Mmis 710) ¢ s & fi 0.380 ) EB2 H
(1cOo dzs 3 tedztsfls! H M

l 6 Hdztsy § dzgdzOW  d3tsH j dz! Bdzts ) j Mils o j dadats 2
o' MeC slssydzes?2 d MlsOIsdmisdyj MSd L dzOyd a3t
tcOL tor 9 ( MPa) dZO0 thdtsoe j fMtsH j toy Odaed W (
ftesyd dzsOn ) .

{flsdBOd dzr 2 MmtsMmisOe Mmdsj Md!, &Y HOF A
5 HB 30 Mtlse jlsMlselzs h j sz ff tesydetsmisd |
Odzz ydqv mMmlsOeadzw jIs 5 %, O cd&zdyd ted dzO
sflsd y- o MG 52 ftosydesmisd L O MmMyjls
IsOB d dz' dztsG ts Zteso dzv 2 ¢ dxByjjfdfdjde@f, o O jSl&s Is t
zOMmilsd ydzsmils: d d3dd m Odzd yd MS ¥ M2 CsMmis!

g4 1 sdisd WS Mdeseo Odzdz" fsd ¢ Otc Od3d Is tc O dzqd
o kttOodzjdzedj [ tstej dzyO® Hdzv sz yj dzdOtcf &
o dzd v dzd v iCcta@fed3Qaie dz, T SCtOABAERMEANSC s f toj H Mis O
tcdMzdzC OFR tcft , 1 ISt 3, gL dzj dgvw  MmtsH j te Oded j
tcOL dzd ydz" = L dz2OyJ ded?2 Htetsydesmisd: zo j dzd v
fdzj dz2C d, O EZdgjdz " jdedy CtcOm BORZO MY sMisB"
OHOf Isdtetse OlIs! MtsMlsOo  H § ts5dz$ toff dstsld fij Is ols(
Ctsdzj ydese s d3OIsj tod O dzO.

bydlsr o Ow ybsts twoOmyjlsr dZzs ¢ Odz' dz' n s
fsHIse jticHddzt Ykt 3 j &zOj 30w ftesylddsmkl O
Mo sMlsOoaddiBze M EfOCseaCOdRRd dO Mmdasoe |
dimimdzj Hise Odzd 2 B ' dEL dEylsftsfg tc CRAZ L +SOdgd Oy j Is
CtcOn 3O dz, 60% PCL+40%-CO®Qzg ROPdzd tc ts700dzdz'
Oy sdadzdes§ @@REBEOzZ] ots oM BBILGOL Y’ 9 dzts fi
CaCQS¢ MmMkzatt?2 dOMM] CtOn B3O AZO.

1
¢
H
M
]
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38.4

34.4

¢ dzd y.

30.4

26.4

22.4

18.4

14.4

HtSH jtoy Oded j

10.4

QI.O 20 30 40 50 60 70 80 90 100 i

HBHJtWyOddj | SCtOnr d3C

t Mz ditsSdAszteds 2 ctOW dC o dzdfw dpciad D t@r
CtOr B3Oz d20 ftetsydesmls! dzO wWOL " o

© 90 28.8
Q .
o

80 25.8
—

70 22.8
; 0 19.8
8 16.8
O] 50
~

13.8

S
_ 40
- 10.8
I

30
a 7.8
-

20

0 2 4 8 10
HBH ]ty Odzg% o Owu ]

t diMzditsOsdisztodzr 2 cCteOW dS otV ded Ydzf Do
CttOR BOd&z dz0 tf ®isty'das Mts zZHz@Oj &3 7 dz,
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s OB dZd YOO dkd | ftsHIse jtoy HOE N jets + S j tod d

) ] Jd&zdyjl CaCO AOSIsdud IsC dztsd} tetsc

StcOn (%) (%) L dzOyJj d (MPa) B H J
(%) (MPa) (MPa)

1 30 10 5 25 1IN0 . 1] -1,247 23,863
2 40 10 5 21,30 . 1 0,213 21,563
3 50 10 5 172N 0 . 2 1,993 19,263
p < 0,05; wuwtejHdzgjj LdOyjdedj N SD (

[dzv ftsHlso jteyHjdedw BOIj &3Odyj MS 52 o
CMYf jtoddsd dals Hdzv MteOodej dzedV ftej HME OL C
Bf dted ud MS d - dz0 B dzéfHtgj Hdisde?]. te ) H GPrddgr Gits !
ted H M
s

q:&—r‘—

sOQo dzj dz@ o IsOBd&ZdY4 17.

[ Odzdz" | ftsHIse jtoy HO8 HsE€®L ! iPEYIdptedlads | dazls
BsHjdzd d JJ fjHMEOLOIsjdz dgr J WEkdAdSydd.

3.4.2 [ftejH

J HJ
dtsH j GtcOH tkiz gz
h jded ydese s A tif

J sOB d&zdyy 1
syYyJlIsOdzdw dzd W OCIkttetso Istej~W OCISBtcdzse s
Ozt Odz! dzts dfd L dg tadcflediad UG digde's Ydets s d  dzO b
My jteddsj delsOd3 f §hjddyds d3 SteOn BOdZS A ¢

dzj dzd j BYldEOd dr 7 Mt
2 20 ©shdegdd BEHFEJydr

® —fbEHO tholz®Cld 5 dz)
ftcdo jHJ 2O BOBItdyO 1 Cf

¢
4]
8

B
]
f
dz

~—

sOBdZJdyQ@ f1&Edz J] MMmisOor Clif sL dyd sdlzdz” -
CteOnR BOIZsdE dMytsd Likzjdgr » Hdzv &Olj BBOIsdy
HjWtsttBOoylgassAmEes o L 0o d iyl ls Mtshls
SHJts . l tots sfls !
) §J ?dz®1OIslz tcOdz' dz' | LdzOltGGL:é:jzafn
x |y |z P hojded ydy dzd ygje Ousf|t BT dtod uJ M
] S tcOnMd % % H O dzdz" j
1|1 23] 4 5 6 7 8
1 |1 |1 |1 |60 15 5 28,5000 0 . 1 2
2 |0 |1 |1 |40 15 5 32,3000N0 . 10
3 |-1 |11 |20 15 5 34,4000 . 1 4
4 |1 |0 |1 |60 10 5 25,00000 . 2 1
5 |0 |0 |1 |40 10 5 28,9500N 0 . 12
6 |-1 |0 |1 |20 10 5 35,2000 0 . 3 3
7 |1 |-1/1 |60 5 5 20,5000 . 3 4
8 |0 |-1]|1 |40 5 5 26,450(N0 . 6 8
9 |1 |11 |20 5 5 32,7000 . 54
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ltcsHBBdzy Jdzdj IsOBdzdyr 18

1 |2 |34 |5 6 7 8

10 (1 |1 |0 |60 15 3,5 14,2500N0 . 11
11 (0 |1 |0 |40 15 3,5 18,2000N0 . 0 9
12 -1 |1 |0 |20 15 3,5 24,4500N0 . 0 4
131 |0 |0 |60 10 3,5 12,7500N0 . 1 5
14 |0 |0 |0 |40 10 3,5 16,7000N0 . 1 7
15 (-1 [0 |0 |20 10 3,5 229500N0 . 35
16 |1 |-1/0 |60 5 3,5 10,250(N 0 . 4 4
17 |0 |-1|0 |40 5 3,5 14,2000N0 . 3 4
18 [-1 |-1|0 |20 5 3,5 20,4500N0 . 0 6
19 (1 |1 |-1 |60 15 2 1,5000N0 . 09
20 |0 |1 |-1 |40 15 2 5450\N0 . 15
21 -1 |1 |-1 |20 15 2 11,7000N0 . 2 8
22 11 |0 |-1 |60 10 2 1,2000N0 . 0 8
230 |0 |-1 |40 10 2 3,950lN07 O
24 [-1 [0 [-1 |20 10 2 2,0000N QLO

25 (1 |[-1[-1 |60 5 2 2,2100N QL2

26 [0 |[-1[-1 |40 5 2 1,4500N L5

27 |-1 |-1|-1 |20 5 2 0,8800N M3

p < 0,05; wutjHdjj LdOyujddj N SD (

[ BHj dz Rdatsy j Mise j dadets?  dzd dzj 2 dzts?2 o G te
i 4 tcj d3d dadzlz © ftesydzsmly! dal20 szsw’jo Is(ttFa
4t d3d dede" ~: IHEHQR@yOEa] j ( %) , MBHJ ey Odzd
MsHjtey Oddj CaCO  ( %){ tejuHsDle Oz Wiz gk edzic te ]

e Sy o
™ ¢ ow L|anuzfa (8)

LHITudmdzts G2 dggtt@Ov j'Hdded yfRxisH § te3A0 dzd .
CtOrn 3OMWOH | 63 Oded § Efigesiylj ef@zd § zu Od [

fsHjdz thistesj dzO dzO 27 dzOB dzt6 H j ded W
0.968, Ykt L dOyoOjls, ylsts 96. 8% dL d3j dzu
MHJ o) Ot BB dzO, Gdzdydteddz©O d CacCO .
0. 964, Yylsts MoadHjlsjdzw Mlsakzjls B orf MsC 52
sy dzCd MeMmMisOe dzv jIs &0 1 &) B s dg'lshsts jiz S iPte § o dz
dzOB dz¢¥ HOJ d3" » L d2OYJj dzd?2 ils Htcj HMG OL Odzds
fteJ HMSOo dz ZO o IsOBdZJYy4 19
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w
w

s OB UPYL&EL O C1 WWdydj dzlstso

BB H J dzd

1 jtoj d3 daqs 51 WW d1u Is OdzH O t- P- VIF
shdB S OL dOyjL dOy|

s s dzfnls © dzl -10.687 1.943 -5.500 |<0.001 |¢o
4 SH J toy G(¢-0.190 0.0259 -7.364 <0.001 1.000
CtcOn d30 dzf
4 SH J toy ©¢0.463 0.103 4.474 <0.001 1.000
Gdzd y4 ted ¢
HBSHj o) O(8.654 0.345 25.094 |<0.001 |1.000
CacCoO (¢

SOYHOwY dzjLOadmddizOw f jtcj d3gj dzgdzOW € O
odzdwdzadj dzO ftetsydaetsfmls' -LdE® ytg @adter &<, OlsOD 1

fMsHjto) AdeIR WO EO (%) ©COLT 00jls BlttdyOls
0.190), ybt L &OYO] Istgy Q&RE S f50HD] ddt
bdsjdz' N Ojlsmw. wtHjyOdd) cddyjtddd (%
(SB1 WWdydjidels 0. 463), dets jets oadzdwWdaedj ¢
HBHjtey0Odzedj CacCoO ( %) sCOLTr 90]jIs dzOdsB!
o dzd v dzd J (&ls 1 BY 6 Bd) , Yysts EZ¢OLr9o90Ojls ¢
fsorhjddd {§leigjydsSigsdi.W dydJ dalsr dd3j s 1s
fsHlso jiey HOjIs lsMmkisMmisedj d&zd Isd¢ sddd dz]

v OB dzd yoOd RP0J emd sdedz" 2 OdOdzdL ( ANOVA)

RiMstsydulsj i jqulzdddsO |atcj H dzqF- P-

9 0tcdO Mo sBBHSC 9 OHIGO C 9 OHL dzOyjL dzO Yy g
(DF) (SS) (MS)

t Jetej M3 3390.800 1130.267 |234.656 |<0.001

[ Mils Ols § 23 110.784 4.817 0 0

l mMjets |26 3501.584 134.676 0 0

{jLkd sOIsr

f SHIse Jte)y HOE Is,

P <

0.

sBJ Wfl]dZWBIS

001),

Hd MY J tetfinefjsHiagdds@ osdz,| @atlizd dzd L 80
Yylsts toj gt Mid s dadzO W
sL &zOyoj Is,
L 2Oy dlsj dz' dzlz

Yls s

H s dz¥

{MisOIsC d ddsH jsdzde Odgtf tsds @ dz'dajz dz'
Cstete Clsdesfls !

0.

cOL t6" o

787)
1 toj Hdztsy j dzdzOW
o' M6 s5is 5 YQREsPMIsdf ymigs d

( MPa)

Hist 20 J dzd 2
ftsHIso Jtiey HOJ Is,
dc3tsH J dz!
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Yls s
dL d3j
(P
dzd dzd 2 dzts 2
Yybsts tmlsOlstsydzOVv
dcdzts ) § Mis e j dzdzts 2
L dzOyd d3ts 2
dz0 shteltsd ggO dg@,H j dedzgdOwlgd e d dgO

dzy

H dzw

dc3tsH J d
dzj L O

©j Gt



dets e EO dz' dats fyls
Ctetej Clsdetsls e

d
B Hj dd .

v OB dzd Y®ls @R d Mls d Uj 159 @' j 1ty if delizdzts 2

CsBsMS jHOMsdydtsfmls!

BB H J dzd

v mis
P

1 20y d

t J L izd

vl MmMls dzO dztstc 30 d glakIB)  (

0.109

] ots2 H

5jMmls &0 cs®sMSjHOMSd]
HdMY j efmd d)

0.787

] ots2 H

JfIsd &30 dz dzr 2
H8 30

Z 2 fMshsos Mdj
fptsjtsdsts | fistdrdswp dats f) Is of
d&z' ydqv mssmlsOsdzvw jliIs 5 %,
misd y! or MsC 2
IsOB d dz' dzitsG 5 Ztctso dgw
f zOMmisd gdetgih s Oded yd M 2z Mists?2
g4 L1 Isddzsd WdSEMmdetso Odzdzr d&3d
9 bkttOodzj dzdj [ tstej dzyO H dzv
SdZCdeZCfW
20 tod mMEFdz¢ On

15
Co
H S
)

6,

=
S

=
N
T

10

4 SH J toy Oded j %G dzd y

%o

20

30 40 50 60 70 80

m
L
o]

ftesydetsmisd
cdzdyd te

¢ s
f Ot

ftsdzz uj 2 'O 6¢
Oi Qg QT dg@ iz, | 0 TBOSAAITE C SlsSier j

38.5

35.5

32.5

29.5

26.5

23:5

20.5

17.5

90 14.5

4 BHJ 6EdQ~ &0 dzO,

{ eisSdszcdr 2 ¢©O dC
COR BOdk dz0 f tetsydzsfls!
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{fIsdd&3Odz! dz" d3d CtdBYfsLJydvdd 5 sy
i HMC OL OdzdW &5 BtsH j dzd Gl teOdz :-C B0 %iPA
PCL+40%aongiz|§atm;:w3@dz, 70% PCL+30% ¢

ots oMy

sSBtOL Y’

o Oz fn viniizfig s 21

38.4

33.6

O dzO ,

]
]

28.8

8 BHJ 6)¢GdaQy

0 2 4 6 8 10

H4SH ey Odzegf% uOu [

{ e stdszody 2 ¢ ©cOY qlO vpfdzd v dizf W daf @ tc
CtcOr BOdZ d20O ftesydesmils! dzO tOL ter o

[ dzv ftsHIse jtey Hj dzdWw dBBOI d@ZOIsd yd mEts2 3
LS j ohdigvdels e O dzj dzedw  ftej HiNG OL Olsj dz' dzts
LB dtedyd MSdn dzOB dz¥ H j dzd 2 . [ Odzdz" | f s
ftcj HiNlsOo dzj dz P OdztB'OB dzdfygHlilseo j e HOE h j @t
ftsHIso jtoy HOE Is MMmistswisj dz! detsls! i3 27z«
c.190.

s OB dzd YOO &' §J| Y sHIse jteyxHOB M jets 1+ CMY jtodd
) () ] d&zdyj|CaC(AOSIsdyl [ MIsOIlsg ) tesE (
stcOR ( (%) (%) LdzOyjdtcjctcj| BBHJ

(%) (MPa) (MPa) (MPa)

1 30 10 5 30,0N0. 1 1,577 31,597
2 40 10 5 289N 0. 1 0677 29,627
3 50 10 5 251N 0. 2| 2517 27,657
p < 0,05; wdtjHdsjj LdzOyjdedj N SD (
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{ d M8z e Odzlz dzr § sdzlz W d dzde’ 4§  d(Lf) dafe) As)d dzd |
COn GHEB O O)

L Mb@EES Hizo Oded ) f dzj dgS q o 1 dzj dets 1 dzt

3.5 RLEYJ ded § MtczSlskzter |, Is 4 to 3t
RSt stcjL dMmlsj dzls detsfls d , 1 CslssC MdC &
CeBf sLdyddedz = BKLOL Yytse  dzj dets ¢

RiMMdz Hse Odz0® MlstczCIskztc® SCBYftsLdyd
Wsls

L dzj Cltetsdzdzsds B tosmS s j . [dCtets
f to jlsHOip dzj dz dz@0, Ha.d fykz dzC O R
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EEM HV: 4.0 kV YWO: 6.93 mm
View field: 6.82 pm Det SE 2 pm
SEM MAG: 40,8 kx Perfoamancs in nanospace

t b @68e ldzd yj dzdzOY RIS ol sssctOl v § &
fhj dzd Y BEEOS dBO ZO 4 0 %

s O¢ odHdzs dL tedmMkzdzC O 11 PCL d d3J .
HtsBOQodzj dzgdd OyJIlsddzdtetse Odedz" = ¢ ted@jr QRSO
L J tedzd Mists2 . 1 tcd HBB O dzjSdimQfr z@tzisle iz was &
B ZS sHdMY j tedzOW | lted BtSd hjd&3 ko jdzd y.
o Mistetsj dadz" | ) mMdMmlsj sz PCL G tc O dzlz dz' ¢
ftoj Hf sdztsy d Is! Ylsts B JdSH 636 @dzB8y v ¢ o Grgzidzt
vy daj Bideid BIROdduimMSdy Mots2Mise O
EHsodzjlsotstcdIsj dz' desdz ktctso dzj .
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m 00 pm

Pectormance in Aancspece

" PCL/B40% " PCL/B50%

{ MEECd) Ctetsdzadz’ | RISt slsscteOl dd
fsH ey Odedj S©O% BOEO ©OL dzd ydz'
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; ftcde j HJ dedd2] HzORZs tzt) Bl dzG Iz & Is
sGts tcOL dztsy j ded W f sdzd d3j tc © P (
@AG. s jstBsctcOo ddizj s dzs j g ©2z) € 5d @
25Au BBtOL jy 1 tsdzd2i3j tif A dzjs Hifv
5 jets BOMMr . [ Mdeseo dzs2 1 IsOf
9 HJOfOLBdZj 250Au ~ 450A
H | B3Eieigdy eafftelz j Isf edsid - SHBOY Ed o
tcj a4 350Au odHdt, yYbbt MEtot
s mMw d HBMIdEeOjls Matsjets ¢
ftod 1Its?2 ®WjdgddetcOblt)j BPo ¢
LOo jteh OjIsmw ftod Isj B jteQizte]
res ftod Ij&kfjtcOlkztej] 60Ay dzOB dz¥
, Bkmdzse dzj dzdz" 2 § dzOo dzj dzd 4 O3, ® HJOC
¢ Hidsdhbdtelzils Mj By HSBo Hj KL

sOC odHdes dL tdmkzdS O 12, dzO0 dz0 Yy O az
sBtcOL j Yy PCL/ 150% dzj ftojlsjtf joOjlIls dL
sSBtcOL YO © HOdmktsdHR MmMizEyo) ftsdmeatsHdls o

&
O
&
Iof?
T
g0

g -&THa KT,

CFERESFTA wa g
—

§&
wf‘i{w

=

S-0.0gd
SGOG W T

FSFo-FIg o2
SON o

SN F N HTSSOF GG
e N N ORIV I )
GRTX g w11

n DO

450Au. Jrohj 460Au Mis @O dzd 1 OYy EHw  d&aC
sjtBsctOs dBj sted yjMSts2 Stedos?2, Ykt
COL dztsy j dzd W . [BhOW {lsjttw &OMM" Ml

fslsjted &OMMT (DTG) sy dets dzOB dzé H Ols
Meslso jlsMisabks h g2 Ho bk dsOC QiR dl Ol drtoy]j dc

Moslke jlsMise jdzdes. 15 Isjfdzsoatsdlz ksl
fMdzOB 852 ddalsj deld o detsiyls' ¥ Hted 60Aw d dzj Bt

RL tdMikzdzC O 12 odHdets, Ylsts Isjtedsd yd m¢
ftesdMatsHdl & HO O] !{ EOPOLDABuH PO AHCEO X ts|
BOMMT O fjtotsd L IsOfj ©OL dsy jddy M
1dSd d&z0 Stedots?2 vy HtedosHWIsMY dO Isj &Y
fslssS dq&Rjjl OS2 %j ROLOSIjte, $O¢ d

10 bjtwdegis@®d®d yj M2 Ctwdets?2 PCL/ ¢50
1 IsOf O 9 HJdOY OL 5dz02 6 B A 51 j BB AUe ft 4306A0uA u-
1dSd d0 Ctdot?2 v fMstslse jIsMisokzs s Isj
[BhOW {§sljtew &OMMr MmMsOodvjls ~ 7509
MdzOB o Oy jdegdz" § { degHBljtedddyud MSdy d¢d
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10 bjtodtsctcOo ddzj Istcdiug) S @zDB &tcd © 5B ) WP (
tcOL dztsy j dzd v . 1 Jtcar 2 1 1sOf Bro0OIls" 90jIs H
olststets? + IsOf 270Auw & 360Auw d L O9 jth Osh
BOMMr MemMisoddkzO ikt 75%. 1 0 Cttdots?
1 IsOf j dzOB dz HOJ IsfW dz & dz@§ Slcjsdr'lsdes jo  dif
04 d3ddz fted 200 A4, HOdzj J dzO oltstesdy 1 I
Isj &3 j eOlskztej 320Awu. 4 Isj &3 J cOlslzter 360
mMestsMmisd, H 5T h;cts mMotsjets dBOCMJ
ud mdzj dzdz" o5 L ' fesdmrtHdl fd
mMeistsmMisd M BJoetskBd®inisg
360Ay HB 440 okzjls 1 dzHtslsj ted3c

vd ted3d ud M sy N4 dzd § 5B tet©d fyt2chiC L
fesdmMrHdls 8 H®OHO BRIy E®EAHG HIBOY3 60 Au
1 slsjtew BOMMr MmMtsisOo dzv § ZO0 ff jtcotsdy d ¢
Mtsslse jIsMilse jdadets. 1 0O Ctedo"™ s v dzOB dzt H(

sO0Cddy BBtOL 53, fteseo jHjdede | dMmMmozi Ht
MtsMmils Oalkzts Cf dzF tc O rn d30O dzO mdzd Y O4 Is Isj &3 j tcOls
tcOL dztsy jdedWw, d Hted 1 IssdiB-7Hidslsj tcw dBwBOMMr i

lojH]ded J CtcOrn BOZO o -COH dptistslzOf Usdsdizts ()
COteBtsdzOlssdz S Odzr ydqw (CaCO ) d cdzdyj te(d
dz0 Istsdzh dsckl; tEkjsdetsMis! OHMstesydd d § ot W
( WVP). 1 Odadz’ j, { tcj HEPHO dodfjridig ji3saizinls @l dz
Yylsts ko jdzdyjddj MmMtHjtey Odedw CtcOn BOZO {1 &
dLdudimMeédr d WER ydsdzOdzr dz" = R OtcOCIs] toc
stBfsLdydd, ftsHjtey ONdJ Oyj lsqazd e ts
OtOCIsjtedL ¥ Ismw L dzOydd Isj dz! ddg' dd§ diz off j tlzd dgl ta
Cdzyj dzlstcOydd CtcOn B3OZO. 1 Of tod d3j to, Is ts dz
Ists G

Is ©

==

11

208 &S &, HO ¢OC Ek PCL/A50% {Itls
Mo dHjlsj dz2 fy ils 5 Wtttdzdteseo Odzedd B tsdzj |
Bsy dets tsBI W idathR ' Misdedn Misdedgts s’ 8¢ € tcOR BBO
mMfsmMseMmMlsekzjls BKOLBOds BSBd]J ttOo dts
ssets, d2OBd&EHO]jIsMw IsjdeHjdzydw € ko j dzd y
H didsdemistedtclzj s MCtstetsmils! 11. 08 3/ d3d dz, |
HsMisdeOjIs 17.6 d/ ddddz. GCIsts 2COL " 90jIs d
Oyjlsddzdtetso Odzdzse s CtcOR BOZO Isdf O ¢ B d
o zOGtslzH j toy Odzd & , Yylsts 90y dets Hdzvw tcOL tcOE

cdotesMSEsf duyj M dd3d Mo ts2 Milse Od3d .
H Hiclz ¢ 5@z fT]ISBSBBDSHJdZdJ OyJ Isd dzd tets 9 Odzac
)

sCOLT 90j]Is FtcOy J dzdets] o dzdwdzdy dzO C s W
ssBfsLdydd M SLOfBOdsd sdifO 1 Hj disdzml
B 6y kojddyjddy jet C(sdyjdseoydd o M
dsils WVP dz0 kZttsodzj 21 cAdds/ a3 AmAC1 O,
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Ojls 215 cAdds/ &5 AnAcl 0. v 0C 5
Fter CttOrBOEZO IsdfoO I, Colsster 2,
ez sted f sdzd d3] tcdes e sdg@ s @d GRsMmisz o §f «
cts fOLO. I Ists yJj oty &g, Istsdzh d daC
j 1OC Mmkh jMmise j dzdats, Co¢ k CodfsLdyd
ssdzh dz®@ PCL/ 130% fsMmlsOoadzw jIs 109 o< s,
668 3¢ d3. Bls s+ B3P Vls Odets ) tOL dzd ydets2
CteOR BOEZO dfO© 1 M PCL, O IOSCyJ M tOL
MistcezCIskz tc.

4 C stosfis OHMmtsteBydd o CedBf sLdydwn
Hy BsdzMistcdtclzjIs ddzlsjtej MmMder | L OC tsdgtsd3j todzts
f80LOIjdz MMmMlsOodzw jIs 9. 68 o/ 3ddz, dats |
50% td oBLiOMISOjls Hts 13.86 i &ddz
(PCL/ 140%) MmMEstesfils: OHMmteBYydd Mmdaedy Oj
Bsy JIs B' Is sB kzMdztse dzj dzts dL d3j dfjtelzf] J d§ ts
Ctsdeyj dzlstcOydd SCteOn B3O AZO: &zO0 dkOyodz dzr -
CtcOrR BOEZO By il ftedesHdls! C ftseorhjdedt
fsojtorndesmis! & fdzj dzCd, BHABZOSCB fted HOdMz C
YyomlsdydzOw B dzsC dtetso ¢ Gz ISSta@ftf dirpisdiviAad dis ot T ff, 2 Isy
fMded ) j dzed ¥ MCtstetsMmisd OHMBsteB ydd.
vOCdd3 sSBELOL BB, OdOdzdL HOdMdk ~ (L9t
sHtH .j tcal "5, Oyjlsd dzd tets o Odzdz" 2 CtcOR i

91" 9
o jdzdyj dds Istsdh dd fdzj desC d dr= A0 tse
jets fijtwmyfjClsdodsy 3 SR sdzj dzelstsdz Hdzw fyts
f dzj dztsSo.lstsets CeOr BOEZz Isdif O | s5COLT oc(
Cst WWduydjdzls f Otesftetsdzd yoj dzgsmisd, HJj dzOw
ML HOdzd W f dzj desyde' = BOIs jAgjdogthids! &) HaZW ) &
f Otc@stejlis: dn, o jHjdedj MEtstetsmisd OHMBS
sdf O 1 despdls dzj dzddzj 2 dz" 2 R OtOCIsjte, Ylsts
Codif sdzj dzlstseo o dzzlsted MmbtelzS izt § dzj dzl .
U OB dZ2BYLSHStej L JRAPE@EEEPEdMIsdS O  dzj dats €
HtslsOo s stsdzh dd wCtstetsff WVP ( 6H 3
CteOn BOdz/| fsdzd d3j| OHMisteB C1 0)
CaCqQ/ (e M ( 3/ di3d( 20 Au %RHO
G dzd yj ted dz,
1 2 3 4
PCL 86N 97 4.66N 0¢. 11N 0¢ 2 7
PCL/A30% 208N 2 11.08N O 15 N°¢O.
PCL/A40% 422N ¢ 16.11N 02 23 N°¢O.
PCL/A50% 815\ 4 3| 17.6N 02 190N 75 2




ltocsHBsdzyJdzdj IsOBdzdyr 23

1 2 3 4
PCL/130| 10N 82| 9.68N 0° 21N 0° 6 1
PCL/ 140 268N ©3 6. 09N 106 N 4
PCL/ 150 668K P3 | 13.86°1 2158 82 @ (

p < 0,05; wtjHdzjj LdzOyjdedj N SD (
qdsj s hdj ®©WOLde j] BES9', L dOydaHs tOl
[Pz Odk® (p < 0,05).

v S° S° ol e S° ol

q o, 4; » o
¥ . & oF oF o
< < < < < <
O6pa3subl

t dmMzdzZ6LsHB8) L dMisj dzlsdzOY - OwOS Isj t

[ dzw syd dzs d EMmlsts?2 ydoe tsmisd f totsB ¢
BdStespdtsdzcedyui MEddz hMIsOBBOAZ § totse sH d dz
ydmisr A Ckdz szte f syo j dzdz” n f dzj Mdad " n
dmf sdz’ L s Odgr Ckdz skzter i dzj mAdemillugs nigherO f to
Penicilium pinophililum, Paecilomyces varioti, Trichoderma viride, Chaetomium
globosum o Mstslse jIsMmisea dd n | SO EN 846 d
Csdif sL dyd tsdadz” d3d i dzj dz€ O d3d . RdzC 2B OYd
SlsdzsmdIsj dz dzs?2 9 dzOy dztsmisd B tsdzy J 9O Az lgf
dgmfrlsOdzd?2 d&zO tojL dmisj dzsdetsis toaf s 8 AYj @S
Codzstesdzy dz 4 ed MEz dzs ¢ 1
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¢ 7 PCL,s TPCL/30%A, Bi PCL/40%A,{ T PCL/50%A, TPCL/30%B,r T
PCL/40%B, 7 PCL/50%B

KoMmo3uinoHHbIe IUIEHKH IIOCIe TecTa

{ dmMEzdes{COLladlsdy (T Bye jdedz’ = 1§ dzj Mdzj
¢ 53 5uuafapdss § 5dzd G 6

R dzls j dzfd o dzts s ¢ esMIsO § dzj Mdzd o' = G ted
syjdzdoOdzd odLEZOd dzs s B Odzdz! dets?2 h € Od
Czdz! skte dz20 Yo jterndatsMisd. 1 J tceasj HApQB dzeft
LOMi o O Ckd ikts, o OOty @iz d 2d dzO & B O 8 dzt$ fi
Trihoderma viridef sC tgr 9 OW ff sdzdzetsist & (89 J o dzts
&zOB dz¢ H Odzfw tesMmis MisOdz dzr 7 MO tesIssW dz’ -
&zO 27 MmMikls¢d dzO0 ydmlssds PCL BJjL dzOf tsdzdz
zs ¢ Odzd b sod@di ¢ sdz! € d - d&3d Mis OA , sn 9 0lsr 90
fco jtordetsMisd tsBELOL YO d iRyj dzC O 5 B Odzdz!

R dzls j dzfd o dzts s tesMisO® MOftotslstetsW dzr n
Csdif sL d yd ts dadats 2 ig0ods] @9 j Isdfigd B O Odzdz o3 1
CtcOn BZOdz! dz" 3 ROy sdzdzd s dzy A3 Isdf ®4 ¢ IBF dz 4
ctcdBtso ©dHjdz dzj otststelzy j deder ds ¢ dzOL sz
¢ ddz dg 2 tctsfls B &z BdOtclzy j dz dz0O ¢ s ok
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OydIlsddzdtctse Odzdzr d3 riddOjddzdflal df d3dzO% tes@zdzd Is § dzi
BOdzdz! dzts?2 N CH®zjhjlddgdi'dz ctcdBtso ftsCtcr 9 O Is
BOIs j tcd O dzO.

t sfls MOftetslstctsW dz' = cGtedBtseo dzO0 o jton
OyJ Isd dzd tcts 90 Odzdz'] B tofO- jdsdfapdy ds y j dzi detsi 4,5 fg
bo jdzdyjdedjds I 40% o MtsmlsOoaj CtoOn BO
ftso jtorndesfls! CtdiBftsLdydtsdeder = f dzj dBsC idlst
Mow L Odgs f) dzOdzj dz' € IdS%i3c Aoz @R Qs s df = Idctieizlz jdz o
tcOL tclzh j dzd ® BIStoststce Odzgd L BOBIH ¢, dzO tztf &
weodzWwE Isfpw tslsdzd ydes?2 f dlsOlsj dz! dets?2 Mtcj HS2

1 s dfmisj yddedd 27 Hdzj 2 dzOTriehbperkha usidets O L
dzOB dz8 H OB IsMYw  tisfmils MlsOdz dZ" 7 MOJtesilstets
ftso jterndesfisd PCL dzj OCIsdoedz 2, @z0 H Wz &
dCIlsdo desmls! -4cds%ls Oy jis I tctso Odgdz" d3 " j dzd
zOf sdzdzd Is j dzjldes Usiddfd® Ohj Isdnw o 4 B OdzdzO,
tesmistsdy thMisOdzhw dzj dL d3j dzdzr d3. ¢ o Ml
dzj o Sstclz gyz@dzsdg © dH J dz O Isidsen dz'O { tstisfiplas tsatt figg

sO0Cdd3 sBOLBdR, StRftLdydtdsds j f dzj d
CteOn B3Odz dg 7 Oftsdzdedlsj dzj?2 BBdZij fSHS
tcOL tokzh jdeds . [HBZOSCE, ldshdlsj d' dots EMfls
i dzj dzC 4 Offo 30y J Is  dzd hejsdedpgaiisEstts I tc O Al 3O dz@® d3ls
50%dz" &3 CtcOn BBOdztsdz, Ylsts Moaw L Odes f) ftedHO
BEsHIWJdSOydd.

J Is OB 24 Ujtc j H ls O dzj dz" tejLizdz sOIsT
dmmdzj Hso Odzd?2 1 CMistcOCIstso ChBf sMlsO, o ¢
fBH]JGtOHOYd(d

v OB iz sdzd yj Mlsoas Csdzsdzgd?2 BOSIjted?2 (
CdBf sMls©O, MHjtey O jes tcOLd j BBtOL Y”

[BBOLjY | stsdzdyjMmlseats *“s [/ d
PCL 0.69 aN 0.03
PCL/A30% 1.30 °N 0.07
PCL/A40% 1.73 "N 0.009
PCL/A50% 2.09 W 0.11
PCL/ 130 1.96 N 0.10
PCL/ 140 2.21 NN 0. 14
PCL/ 150 2.38 NN 0.15
A j dzdzs dzts 1 OCIjted Odz' dzr 2
s 15 dzls to fs 0.7 R 0.03
p < 0,05; wtjHdsg j LdOUYjddj N SD (I
dd&zd s "dj ©WOLd j BECO™, L diPopERs oL
[ EdzS OdzO (p < 0, 05) .
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szttt MlstcOCIs ydmlstsets CsBf sMlsO, Yy
B' dzts tsB dzOtelzy j dzts s [ [ 0,7 1 104, 0]
B OdzdL BBORJ. stdzdyjMmlsets s BT dzC
u’lsfngjzjlsHJqdfs@dz,OdztsQ O sdzdzj dzdz' = Oy Isd dzd
CteOr BBOdzsd3 i PCL, vyYyjd3 o Codstetsdzj,
B OQ Isjted?2 o© BBKOL YyOn { 5Y9s d 5 HYdE]ciCEmOags L
Mudlsos lsmw  dzj ss$ Mdyde Bd .

tdLlzdz sOIsT dmmdzj H S Ol P dzjf dadk JO L @zl Is d
CtcOnr B3ZOzso © MdMmlsj d@dz PCL ftdetsHdls ¢ d
B rOdzedyuj MSdy Mots2MmMlsoa ©® § dzj detsC tsMilsOs Isfy
Ftecsodzj. stdor j IjtediscctcOQoddijilstedyd MEdn
Isj ted3d uJ HQUstg dzf® SBteOL Yytso f dzj detsC 1 O
gdzdj JIs MrasHMmMlsets ) HOdzdzr i3 PCL. RL d3j dad
Ctsdzyd dzlstcOyd v CtcOrn BORZO HG-EYEBO BOB! C&
ledqudzlstGqu’W:, dzd o ntsHWh dn ) ¢ OL C
~ntozf CsMisd § dzj desC, ylsts dzi ) J dzO|
stsets, yYlstse' Yodzddgdtedz § dzj &z d BT
gz s+ C0O0L0OIjd 1 dzsdze Oydd dzj

) 2 8 MP a, sO¢Cdi MmMihd =6 IO i
H] i3sdzmistcdtctso Odzd BBtOL Y M MmMtsHjtey O
{ Blrd&zts Bd hj d&&O oMmir B &6 He gidd ORE:3
f sdzdzj dzgdzr 7 Oyjlsddzdtetse Odadz” 5 " j dad ydz
dstetsdzj , Ylsts k¢ OL 'tcas@jsls Bd2Q Istf teaf 2 h jo dzdis |
J HtS9 Ols j dz' daty,ts HIfj teticiOEOEgts(d My dls O Isfpw  dzj
] Y J dzts a3, ftcj HIMIsOo dzj dzdz" | f dzg dz€ d ,
Or ©30dz, 5B ZOH Odzd SlsdzsmMdlIsj dz' dets ~tstetsh j§
tesh j 2 i3d C disdetsigls L Mis jC CslstsC Md ¢ sdzse d-
¢COL Odzd , Y lseasd ts#i {6 1S ke I €dif) qizfsk: dzJ IstsC Mmd -
Ctotststee Odzed L s @ .

O

&
§

TOgUS QTN
SCHFFS QEO-FOFG
TR =
o X
& &
RN
&

&U:R 11 9

3.6 RMMdzj Hs9 Odzd] Mots2Mlse BIESHJ GLOH
9 kEmdzsedwr Ctif sMmisdtcotse Odad W

IdsHjcteOHBEJYtesyj M GufdBsxul dag s ¢ BO k]
Iso J dzgdets?2 MtejHj. [HEROCES MziHkjl
Btsdz! h-gzf B HJ B R O s PRIO] s tc J288iiz' de'
dmMf sdz! L so®OdaAsH o0l & dL o j Mis dz
rep Ofa Yo 2 o JMisjMmilse J dgdets?2 MejH] W
dets ®, daffu Cts?2 MEtstetsMmisd JtesMOYdo Oda
ftesyy M hdqosCts o dZOBGStOISBodz =~ szr]dzlsac{\
Csif sMmils M toj ¢ kzdzd ta 1 jsdg’ j dgdc Ot jHedeiiaikis

syj dzde Odzd ¢ 5 UBBJ&JdﬁﬂJﬁaOJﬁmbbmﬁﬁmi’e
c. 130 d Colif sfisdes? M J H J) tesed MXdexig] s1 d yd
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COfroOdzd M ddzlsjtco Odzsdz dL J Mmisj Mise j dad
YHT J 5 Hdzj 2?2, {(totsd3r?e GdaH tsHd M Idpflzdzdddazts 99
d Sodi3dzOlsdzts? Isj i3 j tcOlsktcj d oL o jhdoe Oc
YjtejL 10 H dzj 2 f smdzj fsd3d M 4 ded W ¢
IsjMmlse jdzgdz" | EmMdzseodw Mmitcj HT B dzd L OW (¢
mmr 1 Blsjtew dzOMMr Col3f sL dyg f5tzez] Bzdz't
dzlsaq’W: d fsyesj dedetsdz S sz smlsjy o dzOBE
Bdzdyj 25.

1 mj Csdi3f sL dyd sdzdz” | fdzj dzCd o Ctdif
Y Isddzdtetseo Odzdzs 6 5 € @0 fipisQais®  fBis]HSoH i & glelpjrdA
0 H dzdd2s.H § G tc OH dde@ j Ji5tlfigds § dzdats 2 f syoe 4 dzdats:
ZOYydlsj dzt dets MdzOB jj 5 MeOodgj deds ) € ts¢
zzy Ol twdMmikzdeSd 16 d 17.

0303 8§ 0O ~

S0 BRG™

ek e

1 “ T L
[o[fnlzcﬁis@;fﬂ;ls fted LOQOl]’raOdZCfd 9 ftsyslkz ¢
tcOL dztsy 4 ded W

I jfisjfmlse j dzdzgs?2 MtejHj tOL dztsy jdedj P

Oyd sddzdtetseo Odzdz" d3 § h j ded ydzr €3 € tc O rn BFO dzts of3
fr]tGOadz,szd“ l Oyjlsddzdtctse Odadz" d3  h § Het$ yc
sBl Whdw jlsMw, ¢ OC d ftcjHr Hizh g8 dffmdzj H 1
slsdzsMdlsj d dgs Bdz h o MisHjtey Oded j o5 B 4 d
fhjddudtsds CtcOR &GOk kdfo 1.

| &OBcwOtskd & bkhMdssdwi: o ¢ sdifshlsdz

cOL 2O Odzd M BEBPBi] ddj &3 30% Oy ilsdddt
CteOrBOEZO AT O ¢ d 1 tw©WOL dztsy J dzdid 3 205 %O
26,6544, 21 %, mMsslse j sMmise j dzdzts. Clsts Mmoo wL
Bttt OdzdL d@zgsoa d dHJ Odz! df @3 kmdzse d § o
YJSlds f sCOLr 90 s HddzOBdJS Z BdBSH ] GteOH OY(J
sBtsdes Micj HOR.
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30 HJ dg
¢ 17 PCL,1 T PCL/30%A, Bi PCL/40%A,| T PCL/50%A,r 1PCL/30%Br i
PCL/40%B,) 1 PCL/50%B

{ dMemEEsdy s5L dydSdady | 1 i 60 { ¢ el fofygeds i
d Misj Mmls ofry detiiy’ v Az

10 HJ d&
T PCL ,JPQAL/30%B,BIPCL/ 400%BCL /150 BCL /L 30 %A, [
PCL/ 40 %RCL/S5P%A

t dmzdasEsdy sL dyd tsdzdze” § tshalef ezl fc tee®H @y d o
Cof sflsdts? fMejHj o &OBBEOLSIEdd
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J Isjupgdegy J ctc®@d O Pdz dets dzOB dz¥ H Odzd L
L d3j dzgj dzd W a3 o CtdBftsL dyddzdz 7 f dzj dz€ OR
Isdz.ls'm;l*sdzJ dzr d3 Bt OL ytsds.
rs LOCAdZOHSd fdzjdeCd fp HtSB OO dzj dzd j B
tcOr BZOAZO Isdf O ¢ Brdzd HtetsL teOyYdz ozd, f
h jded ydetsets € tc On-B3PdgPdzdls d ff BisjL tE y2dzts yo j Is,
dtsH | ¢ teCOstOdgyd dif dzj dets¢ PCL ofj St tsL dyd
owWLOdts M RBJStwtsBddtcedy MEs2 0OlOS B2
" HJ dzj dgd | fticsHEZCIstso N dL dzgBis p W Is j HH d
stczClsztedzOVW BOIstedyO ffdzj dz€ d BMlsOdzOM!

GOMMr odkdd 0 d SsEfsLd

d
¢

=t N

Sz w

v OB dZ2bYylOsIs j toW

d OB BWKOIBdy 7 ks dw A
l tosB T Il tSH | CGlcOHPEaj 1 JtSHJ G tcaOH
jmls j dsronj dz dztso| §f tsyo j dzdzts o3
9 dzOB BBOI
Efdztso d W
] jedsH dydetsls: ¢ 1 jtedssHdyd
¢ 5 dzls to ts dzw
0 10 20 30 0 5 10
PCL 100 | 99.35 | 99.19 | 98.95 | 100 | 96.33 | 94.69
No.| No.( No.(RNo.(No.|No.|NO.
PCL/A30% 100 | 99.399| 99.22 | 99.02 | 100 | 75.24 | 64.08
No.| No.( RNo.(RNo.(No.|No.|NO.
PCL/A40% 100 | 99.180| 98.818| 98.40 | 100 | 82.56 | 62.18
No.| No.( No.(No.(No.|No.|NO.
PCL/A50% 100 | 98.11 | 97.99 | 97.91 | 100 | 76.88 | 56.25
No.| No.( No.(No.(No.|No.|NO.
PCL/ ]l 3( 100 | 89.82 | 89.65 | 89.42 | 100 | 84.31| 73.35
No.| No.( No.(No.(No.|No.|NO.
PCL/ J4d 100 | 82.64 | 82.40 | 82.14 | 100 | 75.83| 58.72
No.| No.( RNo.(RNo.(No.|No.|NO.
PCL/ J50d 100 | 75.65 | 75.49 | 75.37 | 100 | 71.67 | 55.29
NOo.| NOo.(No.(No.(No.[No.|NO.
p < 0,05; dtjHdzgjj LdOujdedj N SD (n
] &OBtttOltd n bkfdss dwn C i3 sfyls dz
Ctod3f sL dyd tsdzdzr n f dzj dzts € f tsdzdztsls*
Cdiktf sL dydsdadz” = f dzj dzts & l MBHjtey Oded j B
CttOR BOEZO IsdfoO 1. J[lyjldzdos odf dpdgs§ tc
slse jtemisdw fi3F). (ted Mizdzs ¢ 1
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RL tdmMkzdzC O 18 ~fsteshts odHdzO HJROB]
fsyoe jdedes? MejHj bk MizjHkshdn SCoskfsed
Oyjbbddzdteseo Odzgdzese s CtcOr ZOZO Isdf O 1, |
CteOrR BOEZO Isdf O 1, 5 0% dedgd c+b 0¢%e Chydi Gso@lzdlst

@ PCL/30%A
4 PCL/A40%A
-4 PCL/50%A
¥ PCL/30%B
-~ PCL/40%B
© PCL/50%B
= PCL

@ PCL/30%A
& PCL/40%A
- PCL/50%A
¥ PCL/30%B
-~ PCL/40%B
© PCL/50%B
= PCL

Macca, %
Macca, %
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0 10 20 30 40

Oun
¢ J

¢T1BdBSH | G tOHjONYj¥iNilse | dzdzets2 H esdis i dzelase@ H @)t
CoRf sMisdas? § Yo j dedes? Misj H

Mz BELC] OB C O isjted BOMMr K Gdgy ysi dedg'c
o ftuyej o jMmisimejdde 7 kfesedwn (

s0Cdd3 BBKLOL 53, EZmls Odzts 0 dzj dzts, Yylsts ¢

B! MistesBz ©OL tekh j dzad s MC dzsdader SBY L o Y
ghjdedyder 3 CtcORIBOdzEBB s @ " j ftetsyd dels
StcOded Yj MSdrn dzOf sczdeqdlsj dzj 2, Ijd or hj &
fozj desC. 1 Codfshsds? f§sysjdds? Nt
Csdf sL dydsdedy &g ¢ dzj dz€ O, Ekflss2 yde s
CsRf sL dydsdadzOw  fdzj 2 ® f PCL d 30%
C 5 OF O dzis [B39)x.RFI0

3. 7d8 Migo Odzd jr VAL WiSMEC d» Mo 2 Milse {f dzj «
BJBHJ GtcOHOYdd

1 tod dL z2yj dzd d BstecW sdzse d d ofMmj n ]
CodBf sL dydisdede § fdzj deCd B' dzs EflsOdztse dzj «
f dzj dzts € fsad O HBOoH @Gzt yow PCL. 1 O

Codsf sL f Gd sy BidSSH | ¢ tc @He@Udzf®ts20) 19 d H dz'
Qo dzatsd3j tedzr | wWOMJtejHjdzjdedY CtcOR BOdz dz
fMtsL HOdzdzOW KBOItedyO® f foBsh s Mmddsilsdy
ofMstetsj degdetsets ots o dalzlstej dadzj | f ots s tc O dzf
CtcOn FOUZ®. Istsets, Yt toOL BPE BEdO dzisdz dzd y
fsdzd Bj todets?2 ROItedyj o dHdz tcOL dad Y’ d
CoiRf sLdydsdedzr 7 fdzj desS g Oyjlbdazdttss O
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CHZOHS OV Pcd 8 ds4®odzj dzdd 50% Oy lsd dzg
fdzj H' 8] dZCdn ¢ O dzk dz.

Jlo Gnopa3znoxeHus Pa3noxeHne B KoMrnocre Pa3noxeHHe B eCTeCTBeHHOIl
MIOYBEHHOIT cpejle
PCL

KOoMITO3HIIHOHHBIE IVIEHKH € alleTIUIIPOBAHHBIM MINEHHYHBIM KpaxMajioM Tia A

PCL/AS0%

{ MeWeCdkdY dd] Ctdkfshlsds? d jhsjmlse j
COL dztsy jdzdj PCL d CtsRf sL dydtsdadz 5 dzj

0 CEOD O ks d
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Jlo 6nopaznoxeHns Pa3noxeHne B KoMIocTe Pa3noxeHie B eCTeCTBEHHOI
NOYBEHHOII cpejie

PCL

PCL/B40%

{ dEz2BEChd Y dzdj CodBfshlsds? d jhmisjmise j

tOL dzsy jdedj PCL d Stdif tsL dyddsdegz =" jfdaeige
] CtOf &0 s ds
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vs0OC C0O¢C o dMmMmdzj Hiso Oded W =B ddfimtf] tszci QL HEGHY
H Odzdzts 2 fidd)iBHtdidsjO 0 dzj dzf teOL dztsy j dzdz | € S &
fMted H. BIJisimdric O H ORI sMisdzets? § tsyo § dedets?2
slsyd sdzd o ts o ( Hsdg'e J ldctinjsiddvdgd , i sseHO COC o
MtcjH] tBeteOddydeo Odzdm:! Itsdz' S5 Istej " PezO d3¢
2O sdzdzd Isj dzv  ©® o9dH] Oyjlbddzdtetse Odzdets @ s
tcOL dBBjtc Blse jtoMmisd?2 §tsmdzj tOL dzsy jdedw o
dimisj Mlse j dedzts? ftsyoe J dedets?2 Mej H] tWOL dztsy § «
dzj Btsdz "ddz Stsdzdyj Msoatsds d tOL di3j tesdz tslse
Stec Odzd yd ME BE s dz0 ots dzad Is § ezt s § y (4stzdz -
cOL dzsy j dzdzr 7 & S tBf sMilsdzs? § s UDGjddedgts 20 ' Mjte

o Ctltster n dz2OB A&z HO® Isfpw  MisOdeS d dzj tc (
ECOL" o0 h dj dz® BYSBHIEBEDH Oyditmisj Mise j dad
MejH] Issets ¥ BBKLOLYO COC IOCter m tOl
Ce®f sL dydtsdede % O gzlpadsiabo digz" 30 § " j dzd ydz' o3
fsmdzj tcOL iz jdzdw o Sl sMmisy dzOB dz¥ H OB |
cOL BB O3 CctcOdzzdz CtcOR BOAZO I Idf O, O ¢t
JMisjMmlse j dedets?2 ftsyo jdagdets?2 MtejH], lsdzdyo:
Ybsts mazdmslpi B tisdd y dad Bdtsy NG Qs © Y dedets
CRf sMmisdets?2 ftsye jdedes?2 MtejH] o Cli3esL d
Oy sddzdtetseo Odzdzsets N jdzd ydese s B CteOn dBOC
YyoOfmilsd CtcOR BBOdz dzr » ctOdzkdz d odHdz Istsdz

s OGfds sBtOLBA, o twjLizdzw sOIs] dzOB dz8 H J ¢
d Misj Milse j dzdats 2 i ByogiHigdgRP e B Fu gls + WWJC
CoiBf sMmisdets? ftsyo jdedets?2 MtcjHj . stBRYSLJY!
50% Oydlsddzdtetseo Odzdztsc s b j dzd ydzth & ts 9 @ dzdsist
U’thzq’udzlsGts Il CtcOr B3R jdBjta@HSO YdsgH H O Is fipw

[ dzw sBi Wdzj dad W f tsdzlz yj dzdz" = 1 C MY j t
ftotso j Hj dg Mtc ©o dzd Is jgly jd& Igjtc 5@ dzCrd(dBY s L Rfsy d
Rsff jCIster PCL, PCL/A30%, PCL/A40%, PC
POL/ 150% (HtBHBHY Efgd@dy Oj@ddz’ = HEBE IE©OM @A)
ftej HMMIsOo dzj dz" 21,@Y23c d Mz dz€ O~

[ J GtcOH Jtctso Odzdz § PCL d ¢CtdftsLdydtd
Br dzd BrOttOCIsjtcdL 8o 0dzr &BjIstsHtsds FTI R.
ATR, dmf sdz L s9 Odzd iy H dzw sy d&z¢d dL d3d
Ctod Mls O©dzdzd y dzts s [ ¢ t® © Hf ot kg 1 s dzd dzy Utz 02
ddzH j € (sRrR) wWOMmMydls™ e Odzd dL tslsdatsh j dzd’
COteBtsdzgd dzO@ fted 1720 M3 1 ¢ fH4Ck t]’ls dzts h
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{ dME2eEE dSH ] ¢ ed HORAEVES fls dzs 2 f e j dzdzis2
HB A SH] G5O H Qi (G d tiad)dedieO HoOR OIS ) ls dzts 2 T t
d2d gV B H j & tojOmOninles | dzdzis 2 f BUe Jj dzdzs
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L j dzj dzOW P @&l fzgf v 4 0 %, ERICHEY/™ SHodd:w |
Oyjlsddzdtss Odedz] T wPT jZGdy < B OOV | & dq
L j dzj dzOW PRd.dzd " 0 %, fjPdRLy | dad)dzd v
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0iOyjlsddzdtetse Odzdz” 2 1 j ded ydzr 2i PIC LY BDAKO
L j dzj dzOW P @&l fzgf v 4 0 %, ER[CHY/™ G SHOMd:W |
Oyjlsddzdtss Odadz] T wOF iZGdy < B OOV | & dq
L j dzj dzOW PQM bz @ %, ) didBvCL / dtdsdadus)

t dmEz2B=1Cd 5 & tc O HOO yjdiiyls j Mise j dedzts?2 f syo j O

#fj Sbter rRs MifElmighOsddddz P21 wgds S o
L' 908 Ils dz20 Ists, yss L O eofyj o tcj dzw
9 j toc dzO M dzd L d&2Oydlsj dz¢ dzr &3 dL d3j dz dzed W
Zud dedz” § RIQL uduirHsesjcsse dzd ! dzj L dz2Oydls g
dtsH dzOBdzs Hjdzd?2. [HdOSCH, StRYsLdyd
~n BOkO, o thtej ddesMmisd Htod tOL dzsy j da
9 jtoc O Ismw L dzOydlsj dz' dz' o3 dL d3d dzj dzd v
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CdHRMdR d SCOttBtSMddz dzr &3d ctelkzf §f Odzd,

dHkls o d¢Om RrOOSCIjtedzr » HdA&ZW PCL, Y
fsHO jtca O dgr 2 tOL dztsy j dzd & CtcOn B3ZO Az ahbt
fdzj desC St BLdydtsdede = ff dzj dets$, o tsfiplddg ff fr
Btsdz' h j 2 tcj OC yd s dzdzts 2 ftso jten dzsisd ig]

MV stcdzdtctso Odzdets?2 f sdzd C Of etsdzOC Istsdesdz & B
Yylsts s j dzdes adHdzts 5 ctcOWdEC O3 aMmi - R

R L tc d M22,d&30Mdzj HIz j Is, Yyls ts fslsjtcd dd
ModHijfglgaldz jIs B tOLWKGr 9 MoewtL j2 dBJYxHE CC
Ctozf f ORI, yYbicOf daslZze @jls OhH M BBsMisd tsis
v 06, fd¢d & OsdBE ndfdglfHdstsS Md dzi dz" d3 ¢ to
ddalsj ded o detsfyilsd o Btsdz' M j2 didsiidflyg daf figo tof jdr
OyJIsddzdtctseo Odzdz 2 Qm@ BzZ3Odz | .

s OS¢ Y J, stdu mis e CtcOn BOZO o tSB 1S ¢
ficdotsHdIls ¢ BBdz hdds UISISJtGWdz, o ddzlsj dzind ¢
B Mistetsdz tcOL dztsy j dzgdd f dzj desC f Btsdz! h dd3

s0Cddz BBtOL 3, sBh @Y 56 fsdzs @ ket digAigesd! Is
g3 JIs rOttOCIsjtedz §j] Hdzw CteOn BOZO d f t5dzd
M jStesME s dd EMBO@BSwJMB ylsts oMy ¢
f SHHOY ISy ¢ teBOHO WdEHE d COB S M dz' dz' = G tc
GdHtesCMddzr dz" = ctokzff Isjtwsils o ddalsj demd
Ylsts HJdQdeHti@E tOHBPayddd yde 04 siw M ko j d
CtcOn B3O dzO, O OS] MiejHT tOL dzsy j dad Vv,
cdwsoemddzr dz" = d GCOtBtsdzddz! dz@ = cGtokzf § dzOE
Colstster 7 fesotsHddzsM! o Codif smis .

38l rBste SYlsdBOd dF & tojyjylbkt § dzj datss
Oyjbdozdtese Odkzzsc f cOE OGP GO dmy ™ IsOdzd

Il rBste tflsdBz3Od d&f R tojyjflkzte f dzj dzt
Bj nOded uj MSdn, sedCHat jjcdaP B P Gls® ¢ 5 d3ff t
GO jtcdOdzsce. RMMdzj HsSo Odzd™w COL Odzd, Yyl
Zz0 tsdztso i€ O fftasidd SUs ts dzO ) (PCL) L dzOy d Is
nOOCIsjtedmisd ¢ d, o Cdzt yoOw fesyitisesmls
cOL dzsy jdzedW o jMisjMmlse j dedes?2 Mtej H .

O dzOdzdL fsdzizyj dzde” 7 f dzj detsC  f tsL 9 tsdzd oz
otsLicOMIsOjIs e stoeydtsdzOdz! degs MmtsH j toy Odzd
l]’dz;dzgq’ M 30% Oyjlbddazdotss Odzdzsc s CtOR RO
COC Edqidg B0 % CtcOR BOEZO ! Istsets IsdfO § 5§
Clsts fowiLOdets f) bkojddyjddjd §dsksdshlsd
Bsdzj SEdz € tcOR GG sdzO § bHEE)Y, vyt nf s
Btsdzj J bkmMks2yder m f dzj desydz" = dBEOIsted y.
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S Besmis' d PHIsHe™B YlsOEC 4 (d
fdj dst¢. seBfsctdydd fm o Mt
H] iIsdzMmistcdtclze Is f sor h jdadzze @
mMEstetsMisd OHMBEB Yydd. 1 Of tod
mMessigls: OnHMmMtsteBydd (17, 6 d/ &
o kfOoCsoa¢] ftsHkzGCIktse M or M
H Hiclz G 52 mMisstetsdz | Cts1 WWd
! qiekzjIsmw o LOsadMmMdddsmisd sls
COL Ols] dadolzs WVCP Isdig®» E f dzj desGC, M
cOnr BOZO (215 GLd3d3/d31LHLQ1®)
czCIlskzter $30Is j ted O dzO . Cls
g3y dzgd dedw o Emdzscedwn., @
OCtsoCj] Moejixdrms Boatsh j2 (
RMMdzj Hiseo Odzd VY o3d ~ Odzd yd MS d
ter 9 kEd3j &z hOjIsfqw M ko j dzd
Yylsts CtcOn 3Oz d3j dzj J 11
Is d ydasdifls.: [frdegOC B 9o t6j
dzd y4d M OW fJesydzsmils: M
A
L

N 3 =t o
Im‘
T
Q—.
]

~~

40% Hj Bsdhstedtl j Is89F fic)

2l FNo¥ "N
03"

O

Olsjdvdd ItcOHdydBdzdzr = k1
[ Ol j 3O UjdHpH J dzd tetso Odedj Ysyj Mo 1
SR sLdydd g MHjy O0ddj B3 $ 6O~ BO
sdztse d ydzr ozd . Clts ftoswodzw jIsfpw o fd
dzj dzgdd HjWjCIlstso fsojtrndesisd f tod
rdzg;i: dmimdzj Hso Oded?2 BT" dzd o' Bt QBBA% tocj
, s O¢ co¢ ts dzd sBJ My jydo O Is
(Dtcz,JI j odz" &3 , M ods AsiPL QBN stse desmls: & ¢ B
[ S sdzdzad Isj dz' dets f totse j H j dedff §H | © O  Bdf
f dzd dets® jfetmnflslzd, ulsts ko jdzduyd ddj MtHJtey O
tcOL dztsy j dzdVv dBOIsjted Odztse o jMmisj Mise j dzdzr =
30% Oyjbdazdseo Odzdzsd s § tc G2 KO &O %ic ®L & q
Hdzj 2, Yybsts HjdzOjIls dr ftodc BHbde jdgdc OH dzts Iz
bfOC 0§ .

OCtse syds -
s

g =11¢
° 8

FOF~0 GFBO-R™~0 SFHOGFO
1t

WINISRHS UGS

O
&
o
]
0]

50Cdds OLtsd, Hhv bfOStotyd n &C
ftesydesmis d Zd3sj toj dedets?2 ff OQtetsff tetsded yOj d3ts i
l 30% Ovyj Zdtctso Odzdes e s CtcOn BOEZO Isdif O

-

biydzso g W R

5B G

d
Is d
f so" h jdzdesj?s ooy dlastdRds do ¥ MisC 52

O BHY dzse B § Ofts

tc
O]
m

tc® dzzyhj YSHatHWIS dzj dz€ d f

1-CtcOn B3O dzO.
l T BfsSte Jydiflskz sOC Y J sBMdzseo Odz 1 ¢
RMfsdz L s Odzed j d34 fr]lsdzlsdis mrtwc:w 9 o9dH]
mMdzd L d Is JjBJMlstsd dzssmls ftesdL oBHMIse O
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BdBSHJ GOH ditg EZOgSM IsidD dzdz" | d301s § te d Owdd d3jf g'te
stcOHdydtsdzdzr =  zOMIsdStse" 7 kZf OCsoBC .

CWWjClkdodetsmls: EkZfOCBeatydesets dOIsj tod O
) mMss tcOdzj dzd d COyjmMseaO® Hdh jorna f tctsH
OzOdzd L dqtelz § Isfigvd 519 jize] & @adf f Wzly gzt -~ dzO0 tsHdzs e
COf totsdzOC Is tsdzQ)) s d (A @Gls)eo OflpdzOdz ¢ tc @ BAQ dzts @3,
shdzse § §sdzdi Isddzj dzd LA2PIE) 52 € tsdzisissdzi i) lgdin |
Codzlstetsdz! dgrf 2 tBWKGOL jYy. [Mdetso des] o dzd dz0 dz
d Sdmdzslsdetsmisd ~dzj B O, 9o MmMtslso-g %.Mmisp dPdEo dr
gL d3j dzgj ded™v C Oy mMlse jdzdzr = § s5COL @ls s R dzdff
26, 27.

—e— PCL/A30% BnaxHoCTb
PCL/B40% BnaxHocCTb
—a— LDPE BnaxHocTb
—e— PCL/A30% KUCNOTHOCTbL
-4.2 PCL/B40% KucnoTHocTb
—a— LDPE KNUCNOTHOCTb

BnaxHocTb (%)
Fey
o
o

JleHb xpaHeHuns

{ dMizdestd &ZOBdE O dL d3j degj ded™ S Oyd mise
fted r tcOBslz] Hae ¢ 8 OH dfiag trizk gts 2

mdzj B, Ff OCtso Odgdz Rz f D¢ tf edfOLN Is qiAOts o ts fy dzt:
dzddzjldg® dzd L ¢ s LDRENzES IdzE fiplOdizy dz 9 dzOG 2 dziz y
7 MEzlkts¢. l fdzjde€j M 30% ¢ CtoOR dB3C
IMfjudeOjls dzyhjj EZH]jte) Oddj o dOcd
OR BOdZO, CcGHJ (slsjtow MEMIE dasdO 63 ,y7j %h.Ist
40 fHtwsyjdlsdzr &3 HtsBOo dzj dzed j &3 | CtcOR o
sQo OdzOM! © HtojHj dZOR detsteds | [ HU.

mdzj B, Zf OC tso Odzdz" 2 ) f zOMmisdC tsolzs

Zd! sddzj 20 ddLCts?2 ¢ dzslsdsmisd (LDPE),
Mdesiglsd, ftojor Mdo detstcdzOISH oH j e, (U dzR
CtcOr BOZO M tsmMtseMmMlso s OdzO L Od3j-egHz] ezdzs
COL Olsj dz! HeMisde Yt O | Juu. ] i dzj
d zd ydoe OdzOMm! BJ H dzj dzd@injdatsiy tfdssdods) dz( fip-
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U OB dzd yod @@3d € © d L 3 daj dad ¥

9 izOy dzs M is d

[ j dz |PCL/A30% | PCL/B40% |LDPE 1 {uvv (d&3d dz/ d
- tc O dz|

0 42,02R42, 02N42, 0 2K39,044,0

2 41, 22aN40, 8°N[41, 8 2§39,044,0

4 40,5 ®N39, 8PN[41, 5 2§39,044,0

6 39, 9°N38, 7°N[41, 0"°R§39,044,0

7 39,5"N38, 3°N[40, 8 "R§39,044,0

p< 0, 05; wtejHSRINF BeOy) ddujMzdw o
gdd&ijehdd wOLder j BEGOT , L dzOyd dits tc O
[ 2dz2C OdzO (p < 0, 05)

v OB dzd y @ d2rdsd € © d L d3j dzgj dzd W

r j dz PCL/A30%| PCL/B40%| LDPE 1 Jelbd30C M)
- tc Odzj dzc

0 3,0N 16, |3,0N 102 | 3,0 1@2 04, 0

2 3,2N 122 |3,1N 102 |3.4N 1Q0° 04, 0

4 3,5\ 1a@b | 3,3\ 10° | 3,8N 16°, 04, 0

6 3,8\ 10° |3,5N 1@ |4,0N a4ed 04, 0

7 40N 1@¢ [3, 7N 1@°, 4,3 0092 |04, 0

p< 0, 05; wtej HSRInNF BdOU) dePijj Medv o ft
ddsd ¥ hdd ®©WOLdr § BECOT, L &z2Oyd dits oL
dzC 0dz0 (p < 0, 05) .

LI OCBaCO d&O Mmdase j
9 dzOgG Iz,
Emdztse W

dzlz y'nfs n tc O daw
BdzOGtsf tcdW Is
Isj oW 8 Is
RL d3J dzj dzd J
LO dzgdL €52
smdzts o |

s MfJuds O

mdzj B 9

JIs
dz' J§

CdfHatbatBlsdz0 shdso j
f dzts Is dzts iy ls dy f (SR E)S o 2 j Is
fOesf tetsded yoO4 BBtsmisd,
CciPE RO ] 4 0 %d
Bdzj j
ff dzj dz$ OR
Cqmdzskdshlsd d

] EfOCtoCj

ftejorhjdedy
[odzv

CqdMmdsls detshlsg j dzgOB dzs H O Is W
Hazdls j dz' dzr o
LOdj Hdvjls

ndzj B O
] SOR BO&Oo,

Btsdz: h j

dzts

o dzOae d,

dL
9 dzOY dets s d

MmisOB d

BSdzj j

fcdotsHdl ¢

n O

¢ d fydzts s dzts iy ls

yudmsses §sdd!ls

dzC

H dzvd O CHDAIPS s O

S H dzO Cdig) dzdf jo j HRE)

CteORn B3O dzO,
oz erJ

o Isd ud dedd

ydmistsec
B' Mistctsdzlz |
Yylsts km¢
L O
Edzse dw
CtcOn BOXZO { sSdzdetsMls
o fnJ

420 s i) detsfedy) dzQq fous(t & s 2 § o dizfs

)

CBlststcOW
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MesCtsds ~ntcOdz] dzgdWw dzzefgh 3 0O HPotsd - B PB BR3P dzP dz¢ €
sflsd 30dz! detsj BEZHJjtoy Odedj o dzOc (.

RMY sdz L seodosz]jjc tc OH  teldg jdas'Cn  dz0O s fdzts o
Oy bddzdtctseo Odzdz" d@3 S tcOn BOBSAB H ] Bsdzmisted tok
Ff OCBoCts?2 dz0O tshdese | ydmbssets  tsdzd (Jlsiy o
sBjMfjyde Ot ls d&kkzyhdy EfmMdazsesdw HAEv Mtsnh e
dzestc 3O 3 p Jduswi.j GtcOH ff Wzl glzfsd ] B dzOH OF Is H
ftoj ddii3zh jmMlseasdy + S sdzse d ydetsmisd, ylsts H j dzt
ntcOdzj dz2dWv R dzjBBBERZAZSYd » dLHj dd?2.

39u j © detsviffszty j Bz B H j € tc OH df@liz i i @ dzts o

VlmdbdzbedWw ftesdLOBHMISO O BIBSHJ GIEOH

MesmMssdE dsf&j HseoOlsjd d' 7 1 sOftse: ot
CtcOR BOEO, ftesdLotsHmMlsats CcLOdkd d §Ekfs
Mo j B3O { o=@ LfotdsjHHifids O 0 dz25dz0 dz0@ ted ik dzl |
Kpaxman nweHW4YHbin A unm b
]
lNpocenBaHue
¥
JosnpoBaHune Kpaxmana
+
[Npouecc aueTunupoBaHuda, Temneparypa 120
°C, Bpemd 3-6 4.

i

[NpomMbIBKa XONoAHOW BOOOW

]

DunsTpoBaHUE

1

Cywika npu t=105°C

i

[osnpoBaHue n cMellMBaHMe MHIpeaMeHToB
(PCL/ A/B)+rmuuepuH, CaCOs

[paHynsauna B CTPEHITOBOM 3KCTpyaepe

!

BbiayBaHWe NreHoK U3 rpaHyn

4

3akarbiBaHue B PYNOHDbI

i

YnakoBka

4

| XpaHeHne 1 TpaHcNopTUpoBaHue |

{ ME2BEE ] s EsEdyj MS O% Mo j B0 § sdky
CcOn &3O dzO
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vjRdsaseduincd? fesyjhnh fesdLeshi

o Cdzt yojls Mmdzjukzehdj 104" : ftesmj d o Odzd
~d B U MEOW BEHJVJECOYdw EZSCMEMmder &3 Odze d
sMisOls¢ O Oz dHtdHO; Wddz' stetse Odzd | ; ml
oLojhdoOdedj; EZHOCBBoC0O; r"tOdzj dzdj d IsteC

Uymecdzbedy mMed?2 sy mih ftesdL o sH M
1 lsOfr HsL qteso Odzdy d Md3i "do Odedj d dze te
1 CMistclzH j to] ; SLSJthSOdZdJ; Ff OCts9aC O; =t

v ndesdzsedud MEd2 fesyjmim ftosde bty mlk
1 IsOfr f sHOYO tc O dzlz dz, 9" Hizo Odzd | i

: G

LOCOIr 9a0dzdy o wkzdztsdy , E2f OS¢ 0O;, - tcOdz]

s O0Cddz sBtcOL t5d3, dzO sfdztso Odzd d i tc
tcOL tcOB 5ls Odz' Isj - dzsdztsc W ftosdL osHMIso O
BQted OdzO (1 ted dztsy § ded §  H)te s BY & tizg gzezP W20 O
tcOL tcOB tsls O dzdzts 2 Isj rdesdzse d d ) vl [ c ul
tcOL tcOB ts5ls Odz' toj Ssd3j dzgHn Oydd s o daj Hicj dz
BdBSH]JGteOHelzj d&3F = § dzj detsC Hdzv uw [ [ cul 1

310t Offyjl {CtdskdujMSs2 + W% jCildo dats fi

] fesyd MM dfmfdzj Hs9 Odzd ? ftetse j H,

WiClsdoe detsmisde  ters {f & t8 ® wifdgily il ~dzO tsMhdzts o

LEzdzt sOIs™ ftej HIMPABOo dzj dz@ o IsOB dzd yJ

I tOmMydls oCdz¢ yj dz" o nPtsiz®EOIs jdz dffj’ jtc ! «
ColBiBz dzOdz! dzr §| EMmdzzed.

1ted tof desydets?2 Mlstsddismisd PCL 24000 L
f OCcotsydetsets BOljtedOdzO, ftdetlstse dz
Qo ddzO 15 405, 18 Isjdzgj, i OddUsQyzsts
OB J dz/ dzgsMls ftoesdLoBHMIsa O MsMmisOo d
L Olsj dz' .
oydilsr e Ow, ybts teOMmyjlsr fGtetsotsH d dzd M
HOIs! L dzOydlsj dz¢ desets fMmdaedy j dzedw Mmj B J Ml
f detsj ted 2 dets j Istfstc tih LW aL tOHdlAtpls offfs . s fCls d dzd L Oy
jtceds d bwkzHtser j tjMmeztemr, O OCyj i
vsOCdds tsBtOL 503, ftetso § HJ dzdz" | d mmdzj |
dLotsHMIsa © ftoj HMIsOo dzj dzdzts 2 Is j = dzts dzts c
] OYyd sdqzd@&kO OdzdzBE ¢ @ @ gglsmw o " M
desdsd yJj m< d LWWJjGSIlsde dz o3d, Yls ts i s
o tsHJ A" ~ qfnfndZJHts Odzd?2 d dzj sB R tSHJ s
HftedYIsdWY n d My e dzd S d .

b
) ls
| dzls
o)

— N Q

FENIE g

e R

G GH
7]
(&)
Q—
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v OB dzd2801 t Oy Is 1 Csdesdzd yg MG 52
BJBHJ GtcOH g lkigtsdg’ ~dzO0 BMmdzse ] C 6O~ d3OdzO
) 1 Od d3j detse Odzd j|[ H . KjdzO |stsdz) OlstcOls
tcOM-SHBSY JHddzd o 5
1 2 3 4 5 6
1 SteOr B3Oz fh jdkCG 250 500 125000
2 s OB sdZOIs S OdS G 800 50 40000
3 |1 Ote jHS 2 Ca 900 200 | 180000
4 dbdzcdHtcdH EZCfls 600000 |1 600000
5 PCL-1 sdzd C Off tets5|S @ 24000 600 | 14400000
6 ] 8SH O dzd Is tg | 40 1000 | 40000
7 |[Sdzj Sbtetst dgj tta/SCols. 190 16,6 | 3154
8 v fdztsd dzgj e W E o. d30,13 190 | 24,7
9 Il M sdiitsc Ols j dz’' |Is j dzc 12000
BOIs j tod Odzr
10 |1 Ot OB sls dzOW {f|Is j dz@ 5000
11 |[RIsséts fjBj Mislsj dza 15 405
178,70
12 |[RIsE s mj B Jlsj dzg 15 405,18
C d dzts ¢ tz@ QKA o
BB3OIs j tod O dzO
13 |{ J OdzdL Oydtsdadils j dzc 20800
L[ H
14 Nre 12% Is i dzg 2496
15 [t j OdzdL Oydtsdzdils j dz@ 23296
L[ ¢
15 [} ed B " dz! His |Isj dza 5 394,82
ZOdzs G tstsB dzts ) §
16 [\ Odzse dzO f ted|ls § dzG 1 078,96
17 |[ydMmlsow fdtdB'|lsj dzc 4 315,86
18 |t Jj dzls OB jUdz! dztsfijls j dzc 28%
19 |t " dzsydzOw yJ dilsj dzG 3300640000
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10sf oY 1RE

J toj L zdz' sOIsj ftetse j H Jftealidr | j dztf i MigaizH He
tcjLEzdz IsOIsT :

1.} etso j Hj dg (i) dzj-HdsdsPuad S dind L i s fls o
COlsW j dz detsets  d #dtg Qefdg@zs® ¢ @  fyr to! w
f4dtjteoBtslsSd. [ tjfiHsiHdgjtedy O dfds GoLd@flsljtsded
d3d dzj e Odz! dz" A o4 hjMmlse, BstoW sdztse d d, Is j
Mo ts2 Mise . LMlsOdzs o dzj dats, d YdstsO r 3O gztzd YsAE (
Y Isd 3@z de'ds f&BEy) MEdBd IsjtedssHd OB U M
n Ot OC Isj to,d s YD wfdds d - ftcdetsH dzts s r
Bty sdzd d&3j tcdz" ~ i dzj dzts ¢ . s OtolstsW j dz/ dgr 2
GdHW ddzt desfls! d dedL Sk Isjtedsduyd MEze
fSHEBHWh ddB Hav fteddj dzj dzd "B d &6 H £ D@ Hdsts |
f dzj ditsSy. tsdzdzj da@ ME PRI BsHIW ] ¢ OYd W-9 t§ © J did dats
Bj ssHOB] Oyjlsddzdtotse Odzd W , ftoestf d sdzd to s ¢
OyjIsddazdtetseo Odzgdwv fftcj HJjdzj dzf : Mbilsdatsh j dac
¢c7, otcj v tj OCydd 40 diddzzls. 1 sdzlz yj dz
5B dzOls1 O dzed ¥ J dzdzts 2 Yykzoe fise dlsj dz' dztsfyls: ® ¢
e di3j Misd BsMisL OF fip t5 dfOSdbsct( dipt=zfc3) te J(NPOGILS) e
CGdHWEW d d dzesigdy J Czif Qe 3G W dzd §J tOL dzd ydz

( ¢ dzd yj ted dg, f sdzd © d dzd dztso r 2 My dtcls) dz©
LMis Gdgdats, yYlsts edzdydteddz sBiMfJjydoeaOjls B
fts MtcOo dzj dzd & M f(tdzdeoddddzser i3 M dtcls:
cdzdyjteddz® MtsMlsOoadzv jIs 10% Bl Mkzrt?2 &Of
f d&zZOMisdW S Olststc® fmoar h j 15% f teffdzjsdes(ds. ¢ i

2.1t OL tcOB tsls Odz stflsd d30dzt dz" j MsmlsOer
d313Hcho[uq’tetsaOdzdzf” ghgded ydz' n CtcOR BOAz
Istcj n W OCIststedz" 2  d&zOdz + St jted d3gj dels© H dzv
CtcOrR BOZO, cdzdyjteddzO d ¢ OteB sdzOIlsPdz§ @EA .
lrweodzjdiismistetsj dzd j d3 S tsdzlsztcdzr = C Otels L Q9
Sl sL dydtsdadg’ » Yldftalz] eSSl sL dydd — fH0% Mis
Oyjlsdazdtetso Odzdzs s S teOR BOEO i3B8B OH®E Is 1
Mo sMlsOaddiis M 2§ OC o sydz dzd HpCAS j{HazORZEQ d
MlstezClszter  dzj dgsC Bj IssHisdz MEC Odzdtelze h j 2
Yylsts ftcd HtsBOO dzj dzdd OyJlsddzdtetseo Odzdztsc ts
f dzj dzts & MlsOdzso d Is myw L j tedzd Mists2 . Clsts 1
tcOMf toj HJ dzj dad d € tc O deijdis ddisf 2n  dgQdCziinpg , 0 Ul
C tsdzls tots d2d tBljdipits) c tc®@u @yd dzd j Isj e 3t H d dzO0 d&3d y
fsCOL Odzts, Yylsts fdzjdeCd M Oyjlbddzdtetse Od
Isj BB j cOlskztcts?2 tOL dztsy jdedWw d EfMmlss2ydoer ¢

3. CCMY Jj tod d3d dzls O dzH gztdz® (tfistsi Hj 155 ete jOe Y fodz jj alts 0.
s sLdydesdedz” § Hdzjdz2Sd M 30% Oy lsddzdte
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359243, 75% o Ikjyjdedj 10 Hdzj?2 o EkfMmdtssesd
MetstsMmis! tw©OL dztsy j ded W f totsH j di3ts deMstc@ ds® @is
Clsts tBiwfmdeejslsmer MsC 52 tcj OC yd s dzdzts 2 f
Hisfilskq detsfyls! ¥ H dzv 1 dipfCotg) ttsj talzd® dgd L tB& B s ts € fr
dMmdzj Hiseo Odzdw Y tsHIse jteH Jdzd lsMmEzlsmisea dj |
Ctotststcd Odad L o' .

4. tOLEGOBBIOdO Isj A dats dzts ¢ uH NE OO H Sl
jdzsC, o9Cd yoshow nddidujmMSkze &BsHd%d
flstezL d* d 9" Hizo Odzd j f dzj dzts € . {1
nhtsdzsedyj MStsets sy MMO L otdvsls
s2flsoORd d of MsC 2 MsPOJdEhdshE' 4§ ot
fdzj Hso Odzd 2 o' BlOdzr tsiflsd dg@alr dr fjOCtsp
sjtedOdtso, IstejBkshdn of MsC 2 §tetsydsasf
sd BOdz! dzf &3 Wodzwe Isfqw fdzj dz2Sd f 30% O
A d o] BBW Wdzv e floffdisaed Wz fseor | dad
SHdBS2 of M2 ftosddyoj Bshisd Hd
d M MmMHjtey Oded j d3 4D B0 ~@IOIHED dzafi ¢ EHal
dudmSdy dMmyrilsOded™w Y sHIse jteHddzd o
52 § dasdBiedsjodgH j dz OdzOdzdL MmjBjMists
G tc OH df telig jaals G LMisOdets 9 dzj dzts, Yls ts
otsydzesets BOjted OO MtsMmisOo dw jls 1
clzjlsmw o H{OT OO®Odzjls I j00q Ofy !
dztswy j dezgz® dzs dzs e W tSB ZOHOjls o' G 52
sd3dujmMSd o"cEeHAdO 5 MtceOo dzj dzd & f
Ctsotsydz' dzd 13®tsg jord OdERd3 . d MMdzj Hise Odzd v
dZOkz ydzts B tsMdzts o Odzdzlz 8 I8 f & deip dzte © ditffdxg) fdEiglz X
slpso ] BsHIW Jydtetse Odedzs 6 5 1 sz €@ vedsslzOE Is$s
(PCL). [ OLtOBtSIsOdzdz" §j dzj dz2C¢d BB EZOHOE IS o
flls OB d dz' dafs fipls * fi¥ts € ts 2 B Jfsidgeictc OH Ouadsth j H J ¢
fteOSIsduyimMSdj dmyr sOdzedw d + Ctsdetsdzsd uj MS d
ftotsds" h dzj dzdetse s o dzj Hicj dzdWw  tej H dztsy j dadats 2
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Effect of infection of potato plants by Potato virus Y (PVY),
Potato virus S (PVS), and Potato virus M (PVM) on content and
physicochemical properties of tuber starch
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the case of PVM and PVY infection, starch granules were significantly smaller
ameter. A decrease in the degree of crystallinity has been observed in all samples of

Potato virus Y (PVY), Potato virus S (PVS), and Potato virus M (PVM) infection of
potato plants leads to decreased dry matter and starch content in tubers, Starch sam-
ples from potato tubers infected with PVY, PVS, and PVM had higher amylose con-
tent. Granules of starch isolated from potato tubers infected by PVS exhibit larger
granules than starch granules isolated from tubers of healthy plants. In contrast, in
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thalpy was observed. Thus, it that damags 1
and PVY leads to a significant decrease in the quality of starch in tubers. At the same

Aslight decrease in
starch samples isolated from tubers infected by PVY and PYM, and a slight increase
in gelatinization temperature for starch samples isolated from tubers infected by PVS
compared to starch isolated from tubers of healthy plants. In all samples of starch
obtained from tubers of infected plants, an increase in the value of gelatiniza

n en-
by PVM

ime, infection by PVS had practically no considerable effect.
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for virus carrying with classical RT-PCR in the plant biotechnol-
ogy laboratory of the Department of Blology, Plant Protection
and Quarantine of 5. Seifullin Kazakh Agro Technical University
was conducted. RNA from the NK-Agro kit samples was isolated
(Agrodiagnostika, Russia). To analyze the content of pathogens of
potato viruses, reagent kits for reverse transcription of RNA and
PCR amplification of cONA of phytopathogenic viruses were used
(Forez format, manufactured by Agrodiagnostics LLC, Russia). PCR
on a Thermal Cycler T1000 Toughch (Bio-
Rad, USA). When setting up RT-PCR. samples of the same mass
and volume were examined

reaction was carried o

23 | Starch isolation

Starch was extracted from fresh potato tubers by repeated wash-

ng with deionized water at room temperature, according to Richter
etal. (1968).

24 | Drymatter and starch content

Dry matter (Thermo-ventilated aven at 105°C) and starch content
were determined by the Evers polarimetric method,

2.5 | Microscopic observation

251 | Scanning electron microscopy

taken usinga
scanning electron microscope SM-6360LV, JEOL. Japanl. A starch
sample adhered to an SEM stub using double-sided adhesive con-
ductive tape and coated with a thin Layer of gold to make the sam-
phe conductive. The mounted sample was then placed on the SEM
stage, and images were digitally captured at the accelerating voltage
of 10KV,

252 | Polarized light microscopy

I L:1gh

H20, V/V) and was observed using light microscopy (DMBAA0O,
Motic China Group Co., Ltd, Guangzhou, China} with the polarized
Tight filter at 40-time magnification

2.6 | Particle size distribution
The particle size distribution was measured vsing a laser fight-
scattering particle sizo analyzer (Mastersizer 2000, Malvern
Instruments Ltd,, England). The starch was placed in water and ana-
Iyzed automatically by laser diffraction.

2.7 | Chemical characterization of the starches

Amylose levels were determined using the Jullano (1971) method.
The ghicose formed is then estimated calorimetrically. From the
total starch content, the amylopectin fraction is determined by dif-
ference. Replicate samples (n=4-6) were analyzed

Starch moisture contents were determined by drying weighed
amounts of starch in predried aluminum dishes in an air oven at
103°C to reach constant weight (Roder et al, 2009). Protein con-
tents of duphicate samples were esti

(ed from total nitrogen mea-

nts (N 6.25) determined by a micro-Kjeldahl method.
2.8 | Thermal properties
™  starches wsing

ditfercntial scanning calorimetry DSC 1/200W (Mettier Toledo,
USA). Samples of starch (approximately 10.0mg dry weight}
were weighed directly into an aluminum crucible (Mettler, ME-
51119872), and distllled water was added in a 1:3 ratlo. The eruci-
ble was sealed and equilibrated for 1h before analysis. An empty
hermetically sealed crucible was used a5 a reference. Then, the
samples were heated from 30°C to 170°C at a rate of 10°C/min.
As a result, the initial temparaturo (Tn), peak temperature (Tnl
final temperature (Tk), and enthalpy (H) were determined. The
range was calculated by subtracting the initial temperature from

the final temperature.

29 | Xeray diffraction (XRD)

Samples were analyzed using an X-
Germany). equipped with a copper tube at 40KV, The scanning range

w diffractometec (DB, Bruker,

of the diffraction angle {20) was from 4° to 60 at a speed of &%/min.
with a step size of 0.02°. The degree of crystallinity 's calculated by

Jade software ade 5.0)

210 | Statistical analysis
All the experiments were the average of at least two replicates. The
data were statistically analyzed using the SPSS 16.0 statistical pack-
age and expressed as mean value = standard deviation. Statistical

significance was established at p <05,

3 | RESULTS AND DISCUSSION

31 | Diagnosis of potato viruses

e first stage, samples were J
speouts. To obtain healthy and monainfected clones, a DAS-ELISA
test was conducted to identify the PYY, PVX, PVS, PVM, and PLRV.
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1 | INTRODUCTION

Amang the plethora of diseases atfecting potato plants that viral

etiology s the most common and causes sig

icant damage to
seed and tuber production. According to numerous sources, there
are 40-50 viruses that infect potato plants all over the world
[Bashir et al.. 2021: Kreuze et al.. 2020; Loebenstein et al.. 2001
Valkonen, 2007; Wang et al. 2011, of which the following are
considered the main significant potato viruses: Potato |
virus, Luteovirus (PLRV), Patato virus A, Potyvirus (PVA), Potato
virus Y, Potyvirus (PVY), Potato virus X, Potaxvirus (PVX], Potato
virus S, Carlavirus (PVS), and Potato virus M, Carlavirus (PVM)
[Bal et al., 2007; Rogozina et al., 2019: Valkonen, 2015; Wang
etal. 2011; Zhang et ol 2010}

Viral infection of potato plants affects both the yield and qu
ity of igikis et al,, 2008). C
suggosts that the loss of vield associated with viral infection of
potato plants varies from 10 to 80% (Awasthi & Verma, 2017.
Bashir et al. 2021; Hao et al. 2007; Huang et al, 2009; Kumar
etal. 2020 Kumar et i, 2019; Wang et al., 2011; Wang et al., 2005,
Wihitworth et al,, 2006). Most damaging effects are observed in
the plants infected by PLRV and PVY (Kotzampigikis et al, 2008;
Vieidemann, 1988). PLRV and PVY infection have a fast rate of
spread by vectors such as aphids (Gray et al.. 2010). which explains
their highly damaging etfect on potatoes causing severe and mod-

erate symptoms in plants (leaf curl, wrinkle and stripe mosaics, and

troll

y research

leaf mo:
most ahways infect the propagated plants through tubers. Losses in
vields after a combined infection by viruses can be even more severe
[Struik & Wiersema, 1999).

Viruses. being obligate parasites and atfecting the metabolism

curl) that. if plants are propagated vegetatively,

o plants, cause a violation of physiological processes, resulting in a
decrease not only in the productivity of plants but akso affecting the
biachemical composition of tubers. As a result, plants grown from
previously Infected seed tubers (secondary infection) usually pro-
duce tubers unsuitable for sale (Bashir et al.. 2021).

Infection by plant viruses leads to biochen

ical and physiclog-
al changes in photosynthesis, CO, assimdation, and starch ac-
cumulation (Trothewey & Smith, 2000, It is noted that viruses
usually suppress the accumulation of starch in the leaves of plants
atan early stage of infection (Zhao et al., 2022). Infection of potato
plants with PLRV, PVY, PVS, and PVM leads to a decrease in the
n tubers by 0.
[Blotskaya, 2000).Itis noted that various viruses, for example, sweet

potato leaf curl virus (SPLCV) and Tomato leaf curl New Delhi virus-
potato (ToLCNDV-potatol lead to a significant decrease in the starch
content In the sweet potato (Hou et al,, 2020) and potato tubers
(Solanum tubesosum L) (Lal et ol 2021), respectively.

Potato starch possesses some unique physicochemical prop-
erties compared to starches from other sources (e.g. high phos-
phate content, lack of internal lipids. and proteins in the granules)
[Burlingame et al., 2009; Romano et al., 2016). The properties of
starch are affected by the ratio of amylose to amylopectin, granule

OSPANKULOVA 1 .

size, phosphate content, and other parameters (Tang et ., 2002;
Vasanthan et al. 1999). It Is noted that among the effects of
TOLCNDV-potato on the potato plant, it reduces the content of
starch and amylase (Lal et ol 2021). However, there are no studies
on the properties of starch obtained from potato tubers infected
with PVY, PVS, and PYM, Therefore, this study will systematically
reveal the structure and physicochemical progerties of potato
starch isolated from tubers infected by PVY. PVS, and PVM, and the
abtained results of this study hope to provide a basis for potato cul-
tivation and potato starch processing and utlization.

2 | MATERIALS AND METHODS

21 | Samplesand material
Samples of Artemis potato tubers cdones naturally infocted with
PVM, PVY, and PVS, as well as virus-free tuber clones, were
provided by the Department of Biology. Plant Protection and
Quarantine of S. Seifullin Kazakh Agrotechnical University. Potato
tubers of the Artemis variety (originator = AGRICO U.A., Holland:
second early maturity, average dry matter content 20.4%) were
selected from Agrofirma Rodina LLP, Tselinograd district, Akmola
reglon. After selection. 90 labeled tubers were germinated in the
laboratory to obtain sprouts, which were tested by ELISA for the
presence of viruses. To avoid relnfection with viruses, the tested
monoinfected and virus-free germinated tubers of potato plants
were grown in separate

To confirm the presence or absence of virus infection in potato
clones grown in the phytotron, their leaf samples were again

under isolated

ehecked by RT-PCR. The sample size of tuber samples for further

research was 30 pes.

2.2 | Diagnosis of potato viruses

2.21 | EUSA testing

The DAS ELISA was used according to the attached instructions
using 96-wel polystyrene tablets "Medpolymer” The ELISA re-
sults were considered using a vertical ight flow spectrophotometer
(StatFax 4200, USA) at a wavelength of 492nm. When carrying out
this variant of ELISA, Russian commercial diagnostic kits of ELISA to
(PVX, PVY, PVS, PVM, and PLRV) of the
Russian Potato Research Centre named after A.G. Lorkh were used
(Simakov ct l,, 2000)

determine potato vir

222 | PCRdetection

Potato clone samples by RT-PCR for the presence of potato vi-
ruses. PVY, PVS, PVM, PVX, and PLRY, with standard methods

The ELISA testing results of 90 samples showed a positive reac-
tion mainly on PVY and its complexes with other viruses (PVS, PVM,
and PLRV). No PLRV and PVA were detected. Artemis sample No. 65

showed a toPVM (0217 with 0.023

were studied (Dunsevs et al.. 2011). Evaluation of potato samples
4005
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3.2 | Chemical properties and morphological

characteristics of starch

d hers found heontentin

OD of negative contral), Artemis sample No. 34 on PVS (0.845 0D
compared to 0.021 OD of negative control), samples Artemis No. 1
and Artemis No. 13 are 0.534 and 0.458 OD compared to 0.008 0D,
respectively. The ELISA optical density of Artemis sample No. 65
was at the same level as other viruses' negative control

To confirm the monoinfection and virus-free potato clones, the

wmples were tested by RT-PCR. Figure 1 shows the separation of
PCR products of the studied potato samples infected with viruses:
PVY,PVS, and PVM,

As 3 result of PCR, sex
fied and selected for further studies: PVM = Artemis No. 65 with
 mollecular weight of the PCR product of 160bp (Figure 12), PVS =
Artemis No. 34 (278bp) (Figure 1) and two samples infected with
PVY: Artemis No. 1 and Artemis No. 13 (Figure 1c). In addition, the
Artemis No. 67 sample also confirmed the absence of viruses with
PCR (Figure 1a—c).

ral monoinfected samples were identi

———————— -

FIGURE 1 Electropherograms of
potato sample PCR products, tested for
PVM, PVS, and PVY in 1,5% agarose

gel. (a) 1—Artemis No. 1: 2-Artemis

No. 7; 3—Artemis No. 9 4—Artemis No,
13; S—Artemis No. 15; 6—Artemis No.
27, 7—Artemis No. 34 B—Artemis No.
65; 9—Artemis No. 67; 10—Negative
control; 11—Positive control; 12-Gene
Ruler 100bp DNA Ladder (Gene Ruler),
PCR product size=160bg; (5) 1~Gene
Ruler; 2—Artemis No. 1; 3—Artemis No.
3; 4—Artemis No. 13; S—Artemis No.
65: 6—Artemis No. 14; 7—Artemis No.
20: 8—Artemis No. 23; 9—Artemis No.
28; 10—Artemis No. 34; 11—Positive
control; 12—Negative control. PCR
product size—278bp; (c) 1—-Positive
control; 2—Negative control 3—Artemis
No. 1; 4—Artemis No. 3; 5—Artemis No.
6; 4=Artemis No. 7. S—Artemis No. 8;
6=Artemis No, 9: 7—Artemis No. 12.
8=Artemis No.13; 9=Artemis No. 34
10—Artemis No. 65; 11=Artemis No. 67;
12~Gene Ruler. PCR product size=241bp.
Internal control, size—560 b.p.

the tubers of potatoes infected with the virus (Blotskaya, 2000; Hou
etal, 2020: Lal et al,, 2021; Zhao et al., 2022; Amelyushikina, 2018;
Rusetsky, 2006, The dry matter of tubers and starch content de-
crease in tubers of potato plants infected by PVM, PVS, and PVY.
For example. compared with the tubers of virus-free plants, the
amount of starch in tubers infected by PVY decreased by 6.31%,
PVM by 0.96%, and PVS by 0.04%. After this, starch samples are re=
ferrad to by the name of the viruses that infect the plant, and starch
isolated from tubers of healthy plants is referred to as virus free.

PVM, PVY, and PVS samples exhibit higher amylose content
than the vieus-free control sample: the highest amount of amylose
(22.01%) was noted in PVY starch. According to Lal et al. (2021)
ToLCNDVepotato infection causcd changes to amylose content in
starch, probably due to the effect of
physiclogical process of starch accumulation in tubers, similar to the
procedures described by Zhao et al. 2022

iruses on the biochemical and

H

k
H
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Ash content in all samples correlates with the phosphate
content, PVY and PVM increased ash content and phosphates in
starch, while PVS siightly reduced it compared with the virus-free
sample.

Table 1 and Figure 2, and there is a difference in the size of granules
‘with a spherical-oval shape. Table 1 shows the change in the size of
potato starch granules depending on the infection of tubers with
various viruses, The average diameter of virus-free samples’ starch
granules was 45.22um. Starch isolated from PVS-infected potato
tubers had larger granles (46,47 um) than the virus-free sample. In
‘comparison, PVM and PVY samples were significantly smaller in di-
ameter, 404 um and 39.97 . espectivel.

Y izes and shapes of h grains is of
various origins, the internal organization of these grains in starch is
practically the same. Starch macromolecules are ordered in amor-
phous and semicrystalline parts {Jenkins & Donald. 1995).

Double helixes are perpendicular to the growth rings and closer
which can g

tation s

3.3 | X-ray crystallization of native and
infected starches

Xecay diffraction pattems of starch isolated from clones of Artemis
potato tubers naturally Infected with PVM. PVY. and PVS and starch

samples present a typical B-type crystal structure, e, diffraction
peaks at diffraction angles of 157, 17°, 20°, and 23° (20), respectively
(Figure 3), indicating that these viruses did not significantly change
the starch crystallization pattern.

The degree of crystallinity of starch grandles ranges from
37.22% to 38.46%. Although the data obtained in this work are
within the range of values reported for potata starch by other au-
thors, literature values for starch crystallinity vary from 15% to
45% (Alvani et al.. 2011). Data received during the investigation of
starches obtained from tubers infected by viruses show a decrease
In crystallinity in all cases (37.22%-38.10%) compared to virus free
(38.46%).

o
2-Theta

FIGURE 3 XRD pattern of potato tubers infected viruses PVM.,

«clones of virus-free tubers. in Figu PVY.PVS,
TABLE. 1 C f «Artemiss ¥ iruses PVM, PVY, and PVS
Dry matter tuber (% Starch tuber (% Starch
Sample ) oM) Amylose (%)
Virus free 25402033 70792031 1887143 0511001 0067220004 45222006"
VM 25.20:005 70112014 2097£1.73 0.6310.02 00744:0.001* 40.41:003"
VY 24262017 66.32+048 2201+1.06 065+004 0078120001 39972007
VS 25.312008 70.7620.86 19.50£1.56 0491001 0.063820.003° 4647002
Note: Values SD. Val 05).

‘iLWI LEY

FIGURE 2 SEM (a) and PLM (b) of
potato starch granule after virus-iree
and infestation with PVM, PVY, and PVS
viruses.
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TABLE, 2 XRD properties and thermal
properties of «Artemiss variety potato 8D pespR 8y (TSN prepariien
tubers Infected viruses PVM, PVY, and Diffraction angle o ™ o
PYS and s starch granules. Swmple intensity Coplinity (1 0O Ter) Ul
Viusfree 1204 3494 4066  3846% 6623 6938 7198 544
VM 135 350 285 38A0% 6575 6907 7399 s68
vy 164 34 w3 32 6506 6828 7353 817
Vs 1204 370 404 a7s% 6634 8927 7405 736
Note: Val perscript @ v
differont (p.<.05).
34 | Di ial scanning calorimetry thal

by the differential scanning calorimetry (DSC) are shown in
Table 2. A summary of DSC results for the starches is presented
in Table 2. which offers the values for gelatinization onset (To),
peak (Tp). and conclusion (Tc) temperatures as well as gelatiniza-
tion enthalples (AH). To, Tp, and Te of native virus-free starch
samples were 66,23, 69.38, and 73.98°C, respectively. PVM and
PVY samples were observed to have an insignificant decrease
in to, while the PVS sample had a slight increase compared to
the virus-free sample. The apparent reduction in gelatinization

is observed. Thus, it can be concluded that Gamage to potato plants
by PVY and PVM leads to a significant decrease in the quality of
starch in tubers. At the same time, infection by PVS had practically
no considerable effect.
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