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FlrrruRre

J HdMMJ clsOydd ftcdoeJ HJ dz el L zdz sOIs
MowL Odedzr » M Wddzr steOyYydJj2 cOLO yYyjtjLr 6
Cobtstesets fosdMatsHdls dEtstejddj MBjMmd ¢6C
BICtsC OdZOdZOR, o EfmMdzsed®r- Mt kg aezO0Odid {f €z
fizh j Mise j dzdztlzd o e dedifn® c Bl jo@fNHBOLEYd GJ
B ~rOdedSd tj Ocdtekzs hdr Mmtej H, weodzw j Isfpw
ftesyd Mmse (bt ddY d Isjfdstssdjdzo dj
COMMBOSEJ 2P NBOYJ sdzOtedz’ | Jsyj Mmr cek]c

dClskzOdz! detsfils! Isj B cfghiphH sz g © y d 5 dzO
GOL B9 YJjtejL f sted Misr § MtcjHT oL dzd € C
tcOMf toj HJ dzj dzdWw HOoadzj dzdWw o YdMmilsts2 ' dnts
ZOEzyder = dMmMmdzj Hs0 Odzd?2 kX4 BBAdZjj] MBSO dz
fMdzz yow 35, zOf te d d3J tc, ftcd oLtcroaj GcOLO 9«
HOo dzj dzgdWw o dgzlstcd tojL jtcozOtO d Wddzr stcOyc
OoLOdABMow L Odz'a W LCOsiEdz gL QR d W ddz IsteOyc
dfidzj Hiseo Odzdz" d&3d dzj HisMIsOBYdets 1§ tsdzdzts, R S
Cesdzd yj mMlsots tOBBIs, 9o CBlIstster » dMMmdzj His9 Oc
[1-3], dzdBts dzi MIsOyd tsdzOtc dzOWM tsWedf dgisls ¢ @agfcyy HEISC
f SHABHT dzfj ftLoeotdzvdzd o ftsdzdes?2 d3j toj
o0)dg" j HttsyjMmmr, MeowL Odeder j] M oL ter 9B
oL 90 cO0LBO © LOBCdgzlsr = tBi j BOR M
fcsHBBH BSHjdj?2 HEZY SfidhmOoddwy fttsyj Mht:
ftcd BGBd hdmas CcttOHdj dzZsOR HO9o dzj dzd W, fsd
tcOMmMyd IsO d sfdmModedy oL Odd@tsMow L Odedzr =
OCIskzOdzL @+ @ O] .

| Btj dzd IcBENdEs o o B i stesotsd fosmls
fstedmMssM 6tcjlH ™ stsdz Mz yOj] MEkh jMmlsekzjls d3



Gistej dzd v , dLEzyjdedj SColststcr n 90ydats ) Ists
fsdzz yj dgdw W kzdzH Od3j dzls O dz' dz" Hats oLCod@ dzdd? . W d de' disl
ctcjdzdw cOLBo 9o fYwotedmiss?2 MmMtejH] MoweL O
Gtstcj dztsydz n Emistcts?2 Miso M ~rtesh dd&3d [6]€ s
1 Btej &z¢d, dmysd Lizshdj Wdd lseOyd stfizdgsd d3b
fts MicOodzj deds ) B" Yyd& 3 cEtstej dzsyds di3d Lk
YyOofmlsdesmisd, ftsLotsdwels MydeOls! dzdL € s5¢ Odz
d HEBMisdeOls! Mo jtcr OHd OB OIsdyj MS dJ Is j &3 .
emfind, HoBbGERBEEYI MOSHE sS§fdmMoOddd W dd
gz j smw twwH wodzjded?2, fdMmMOdedj CBlsster A
Wddz! stceOydtsdedesets Etstej dzgdv G OL 5o, sMmdzats o C
fstcdmMss?2d MEpbster | IIstejBlzt Is g O fiphageds tog dzd
BICtesC OdZOdzOR, MMmMisOoadzwes hdr fstedmiskzy Mt
Rdzls jtoejfp dimMmdzj Hise Olsj dzj 2 ¢ ddtiztayjj ddefds o
M3 M2 S©O0dIIRAIS Mow L Odz SOC Y] M tOL 9o dIs¢
bilstets2 filseo . [ Mdetso dzf a3 d3j » O dzdflad¥ts dp  HOREY dztstfict
MdMmlsj 3§ weodzwjlsmY f§HBGwjo Mojxiq2 Mmdd M
sjf d&zO BlsatsHWwh A ftiocsHEZCIstso Gistej ded W .
tcj OdzdL s90Odz 9 M jydodz dzf = e Btej dz¢ OF M
ftetsHzS Istsaf jdetg teljOdeds'™ Mo j x4 2 Ml Md Ud&J.L
¢ ZOdzs e d ydzr 2 B rOdedL B3 toj OdzdL 2z Isfyw ) i
MlsOBddzdL Jtese Ols! Mw o BIJStetsC OdZOzZOR d3j X H
BIC S OdzOdztse  fkh j fjlse j dzdzets B &z & j H jSdzjddsdd

BZOYOd des?2 Isj s jtcOlktej. |skjddj o 1kt
COLBOOY WOLO ©Stkyjdd Misjdtodd M Isjd
5Ctky 08 h j2 MejnHr. I16ilksdz, dhNdjHss O

COHd s Isj BRESEESZ G Hdlzj 1§ s dzd B30 dzd ™
BdStesmMdmisy BO- M tjceddad eOydd 2 Isjf dzO,
fesdmMicsHdls LO Mujl lsjfd&O0 BsoisHwhdn ftot
sjnidsdscd?2, o Skttt dMfsd LkPshHY ¢t
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1 smMEdzr CE o9 BICtosetej dz¢ OR M toj ¢ j dgj t
dgdsd & Is fser h j dadzlz® Isj B J Ok, o tsL dzd
s j dedesMisd ceBtej dzdwy cOL O 9 Bd € tets C OdzC
o' f sdzdzj dzdiE djdzjidBlsfyyf jf 5 ctstcjdzd® cOLO o g
Isj BB J cOlskzcts? o fMilsj dz€ OA sB dzOtcz )y d dzd d
Gotejdzdw  Wottddtetseo Odzdj tOL detstsBteOL dzr A
[10].

J HdMMJ tlsOydtsdedets? tOBBIS] L dzsy j dzr
BsH | dzdtctseo Odzd ¥ dgj MisOyYyd sdzOtedz’ = o tsdzdz @ st
ftcd Wddzr steOydd cOLO, ybts IsOCY] WwWodw jIs

Kjdz admmj tels Oy d ts dedzets 2 tcOB SIS wg dzw j Isf
BEHJ dzf ?, sfdm" e O M dn Isj ujddv dzjtej Ocd
fstcdmlsr 7 MejHOR d BJSCtotsS OdzOdzOR .

[ Mdztso dzr jJ wiO®wB®Yd L OC dzt YO Isfyw :

-9 tw©OLtOBBISC] ®&BOI BOISdyYJ MSdr disH jEAB 124, o
Btsdz! hdd3 dzOyOdz! dgr &3 HOQo dzjded j &3 © ts5Ctclzy (
so jicHtsSEGts dBOIsj tcd O dzO;

-tsyd ¢y otej 3 dzd twWOLGtwkzLCd d HJddO®BdSEd
Mlsj S OB, o Cthtstotsd ftosdMmMmntsHdIls ¢ st dac
- dMmMmdzj Hise Odzd dzj dzd dzj 2 dets 2 s fpls{cflzO dpt€ dfdz
ftcjHo OtcdIlsj dzt des f jtoj d@3j " Odedz" = Mmd3d Mj 2 ¢
Mdyudddjdd d dzj cOo detsd3j tedets dzOGtej Isr d3gd MlsJ

1 Oz ydzOv det®@s8 dUsdzO L OC dzt yOjIsw 9o MtsL HO
Mow L Odedz" | ey fdystcetstsjjdzgico €@ic® af ¢ s
GOL ssBteOL dz' R ftosHEZCIstse Gtstej dad W g tej
sCtcky O hzs MejHlkz, O ISOCY] dBBHjdd ctsic
fsLosdzvels tsyjdedls! R OtOCIsjtodetsy o tcj dgO off
fstedmisr 8 Misd deC ORd, ByJ dedls! BOSC id 30O dz
ctcjdzgd jd3 cOL O, O IsOCY] o©rHJjdzdls! ~ROLOCL
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l twcOBtslsj ofjtor j ftdzkzyjdr MmdzjuHlkzshdj

- sz yd dets stsydetsy tej h j dzdd L Odet©Ocyy ) dets X dftrk
mMsmMisswh gz dJL Mmdsje M twOL dzd ydets? Istsdzh d ¢
- M stciedzdtetso OdZzO dBOIsj BOIsSdyj ME OV  dBsHJ dz
ftesyy M dOOMSOddWY HOo dzj dzgdv o MmMtsmizHj
d wdd steOydsdadatsyy 5w ode'd J ¢ Qls Pdzud jte J

- MisOdzts 9 dzj dz Ctedlsjtedd ftesntsyHjddw f dz
B dzd BOdz! dg" B3 HJOR Istetsdz 3 dz' " § Ctedlsduyf
- sB dzOtelzy j dzO0 2z dz' Oy dissjdfdedye O d Wddjizia figflastsi2dars
BSGOIsr 7 Md3j Mj 2 rasEiH otc RS tofifs f astisLsH s 0 5 d3
Hd OG tc O dzd3" Mizh j Mlse tso Odzd @ ts tatg Qzddzd Yalz' 4 O deg
MeMls0a O Mdizi Md d MEstetsMisd LOMRBHO 6 0OL C

v BtejIsdyd MG oOw d ftcOCIsduj ME &Y Is Ols 820
fsLotsdzv ¥ Is f sz ydls' ydjHSEdn odcQ ted) Sdsj oo
ftcd etcjdzdd cOLO o twjLjttokOOr M f Btoc
dzj sB - tSHJ A3 jJ H dfvs yeeibiddy ticjB g jsdsd WO M dzs mis , o
fHL jJRdz" = oLter 907 0O0OLO. [yjdeSd Ctdlsdy,
il wadv fwd dOdzduydd dovddzibuwdyddss ¢ aai@ss J o
dzj zMMlss2 ydoe smisd ftced estejddd cOLO M BT
ftsor hjddets?2 Isj &3t J fistOtsfiytcasi Is ofipls jlszlsE @ & B 1 kg ts
Gstej ded J &3 G OL O.

[ jssHdscdY d gy B sgdBgsdud M dn
dmMfsdz' L s Odzsm! HBOIj BOIdyYyj MS s dBsH | dzd tet
M dzsh dzr = MtejH d Isjstedd et dzad W . tdhd
B StsH O dzO0 tsti@asdeg miSdsde) uigés dz, SO H@ i3
[ dzv ftetseo jteld ydmdzj dedg' =« tej " jded?2 dMmy tsdz!
tod N jddwdsd, §dzzyjdds i3 o HtejHjd dz = TMc
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10 LOhdlslkz or desmw Isfw :

GjLEd sOIT BsHj dzd s Odad W ftesyj Mt
dzj o j Ocdtelzs M jets ¢cOL O dL HEjoLdg]taadz Qe Oy jite j
fls§ dz$ d ;

tojL Ezdz sOIst BsH] zdtcseo Oded W My tew y j dzdz’
fstedmisr &8 Misj dz2S Okd d W ddz beOydtddsd s
9’ Lo Odezse s Gistej dzd j O3;

GjLEd SOBT HobkdgjtodzseEts d3tsH | dadffietslo Oazd ¥ d
fzy O h damw i ¢ EREOaE@FOdz! dzf &3 HJOB] stesd3
ZO&dyudd Wdd sttOydd c¢OL O;

GjLEd OT dBsHjddess Oded™ HJdZOKBIS d 1§ d
[1edMO o Bd S tetsC OdzOdzj ff dzj BHdztstetBH dzr «
flsj dz ©f .

[sfsEasn sk yj dzdz 7 t©jLbd sOktse B
ftod &3 dzv j 3" n BOIlsj BOIsd ud M¢ dn BSHJ dzj 2,
Mstslse jlsMisodj &3 §sdzyjdedz 7 tjLbkd OkBs
 BMistse j tcdzts s tcjLizdz sOIlstse yd mdzj ddsidpe
dmyf sdz' L s Oded § i3 JHcO) WEspisez ~ sy idgs Mat
Gjhjded?2 ftesojtew &zOM' O §idjHse Olsj d
MtcOo dzj dzd j 8 ydfdzj dedz’ & tejh jdzd?2 M OdzOdzd Is
ftejHjd dF 7 Mmozzyows.

¢ftetsBOYydw 1 HOBdsIs ' H d ] tels Oy dajdzOeizfufais dd St
o k4Ol JLHOBRIYE, tojCsdj dHse Odzgdz’ 7 |

fiLkd kO ©OBGIST HEBCEOHT 9 Oddfm!
Bj Y HEZZOEEH dZF & SOEKERKYXH j XEYI WXXXV [ Odz' dzj o t5 )k
BOIsj B3OIsd yJ Mg Y 2oL tsdf@3j dzd OSC OH. . 1. -t
2008, 2010); IfmjtesmfEysne Oy dugOwdps 7 B Sty
I .1, [ vided S ts9 0 ¢cAlzdzH OB dzlsOdz! dz" § d fted§
Y tcOo dzj dzd v & ( 1 dzO Ahkos limdniatiofal, Conf2réde 1¢Advanced
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Problems in Mechaniceé Sdint Petersburg 2013) ; vtej Iss w
Wddzo steOyd sdzdets 3z ¢ stoj dzd WaorksHoporj GonmibastidsMizses ¢ (
Structure and Dynamics (Vladivostok 2013); 18, 11" 12" 13" International
Conference on Flow Dynamics (Sendaj 20132016 ) ; -t Usdfty J
Ctsda j 6 dzydwvw MmlskzH j dzlstse O i €Cdstay dils iRt O df 4 &
( 1 &zOH d 9 5 ls & KternatbBatBdentific Canference’ Scienceof the Future
(SaintPetersburg 2014); [ iXYHEZd&OtGESH dZOW ¢ ts ] jiste s
OSOHJBISCO 1. ¢. [JoddzO cuMmfjnrnd B n~O0ded &
Asia-Pacific Conferenceon Combustion(Beijing, 2015); 24" InternationalColloguium
on the Dynamicsof ExplosionsandReactiveSystemglLeeds 2 015) ; [ J )¢t
ZOkz ydzOw SCtsde J 6 dzydw cutotej d3gd dzdzr § Isj - d
SBtOL o Odzd v & (| dzOM IgtermmfipisatSymposi@nfoh EgmpustiGn6
(Seou) 2016), 1% International Conferenceon Combustion& Energy Utilization
(Taipei 2 0 1s6O)C;x J O dzO0 dnTolgkudzamerSity (Sendai Japan ; RU]I
gl 1 ¢1 (1 sonsighs dteMEMSrouO) (] ZOH o sMistss) .

[ dudz” 2 o6& dzOH Iifiisjd Mejiadesjjezve. H d M telsOyd!
d ud mdzd dzdz" J 6 L [z dz'olslgxdsts s 3 f sddrfrudptsiz’  deY
dzj f sftej HMise j dedesds EZyOMmisdd o or Bttej ddzd
Bj ssHtse dr dMmMmdzj Hise Odad v , MsLHOddd d
qdzsj tef tej sOydd §tsdzzyd dede" » toj L 2Zdz' SOIsBs9,

dlstclz C sk otz dififsls Opydifdi j telsOydw MmMtsMmistsd ls
GdzOes d L OCdz yj dedw. 11 s©® a3 jtc o fifis gz j28 3 C
BdBdzdtscteOW dud MEBRd s et JdeOME BOEEROYdd

Il soo jHjtfaddf[o jH] d2O BHhN OW D OtOCIsj tedfMmlsd
sptsdzsg O&B & Qdzy dztsfls+ MY stcdzz dzd tets o O dg 7
Slstc Oy § dz' dzO z y dzOw dztso d L dzO, Isj stej Isd yd
4t udfmdzj dz" orf desfpd " § dzO L ON d sl ] ety d2tsiz
tcOB slsT .

I'fjtes? w@xdsiygmoOdd] dOIsj BOIdUJ MEdn
f sdztsy 4 dzd 2 sistedd Wddz steOydd, Isj sted d
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Cstej dzdv © BISCtesC OdRZOZOR. 1tcdessHdlsmw B
fs jd3d HdMmMmi elsOydd.

| ® ststctEDoagO MM d3OIsted 8 O sfpw  tsH detsd3] tedzm §
fstedfmis’ jt ey jHizsBgdE P dMidz) Hise Odzd® L OH OYc
f stedmMlskzy Mtej HIEZz. 1 sCOL T 90] Isfypw Yylsts oL
Hdzw tftejH]jdzjddy ©OMAtHO @0Opd] &PEt d&d
fstcdmMlssets Isj &zO. RrRMMdzj Hiseo Odgs o dzdw dzd j €
Mds O ©LOM- EPL e .dMF 0 O Isfhw  jL EZdz' IO
dimlsj yjddw cOLO dL fSHL j 3desets tojL jtcok
fsor h jded flalfWvH Qalalzfstcd tojL jtcozOtO. RMMdzj H
fstedfmlsts?2 MjHj, tMtse] ddetsfilsd dMmisd ud ded
sB dzOMmis d, otcj BY twOLGtelzL Cd o L OoadmdditsM
Ctozdzls©. 1 s5C 0L Odets, yYlsts dL ®Bj ditadgdHjr d3 ols jrdifH
Bsy des ftoj daj@ tcpg gez2 "isT siglgjwfrated W OL'"™ (5 f
Is j fidgSstsmis! © GOLO ftod o7 BLOdzdz" = L dzOyJ dz
mMizh jMlse tse Odzad j Holzn R OKLOSIS]jtedzr » toj ) d d3t
Mo s2 Milse  fidvinls € B dzO dz’ syjdeCd ftcd d3j dac
ftedBsdzdy jdedw Hdzv S dMOdedw ftetsyj MO tOL C

I stejls j2 dddods sd stedsdud mMEdy q fr
ftesyj MmMtse ctstej dzdw cOL O o M isjcOg i sE
Misj dzZb B j HdzsY j d20 dztso OW S H dats d3j tc dzO W BB H |
Ctosdasddzz Odz! dglz® dGIsH jdz2 Wddzr stcOydd cOL O
CGOLO 9 LOCtEssdyz Msmikzuj M Eyjbsd dmisj-
ftesyj MmMtse Hke M Hitclkc s saifdadd dz® ' ardzg Q g
f sz yj dgdzr = OdzOdzdIsdyd MSd, dmMasHw dJL &1
Holzr fMtcj H. 1 sdzlz yJ der LOoadMmddiiasmisd o tcj d3
fstcd Miss?2 fusisHlzh Jde" ,J H Odzdz" | s dBOCMd RO
tcjLjtcolzOtcy .

Y J Igtds O W CazOs@o v h j dzO BSH j dzd tetso Odad
tOMYf tesMistcOdzj ded v {f dpO d3d dgfdf WrO alztpts o s OxizPd]



13

J 66  Hdzd dz . J ttORC OF ftsMmisOo dzj degdzts?2 L OH
tOMf etsMisteOdz ded W § dzOZ) dzd o § oV &'enf s Qgz@
HJOMR] stc®. RLEYJjds oaddwddj Hdzdder L Oy jc
d3d dzed B3O dz! dzts G ts HgOM) stetso Bd ¢ esC OdzO dzO
ftojsHBdls! SttdkdyujmMSd2 LOLBtE. 1 COL Odat
detcOjls CtodisdqfugdnSdrez ugtdddd o jHjddw O
¢ O0dzOdz] . ] sdzlz yd dzts fsHIse jtoy HJj dad § LW
EmMlsOdzetse dzj dzdz" § tOdzjJ fted GSHAdSHE] tcdsds B
fzy 08 h j &sw  ditfif tets ¢ O dzO dzj

Il fvistweXXOsf dm e O IsMw  tjL Ezdz IsOIsT d mmc
BISC s OOz ) cwOHdj dzZlssdz Isj-BF) e Rfs s ?
[ O j &3OIsdyj MSC OW disH j dzz fsmistetsj dzO@ dz0 sy
BjrOded L dBscdz toj OCSydd. [ B dzOtedw j iz tc O dgjslists tf:
fsweodw jlsfmw teW H BdWEktS Oyd?2, ftecdotsHwWH
f tetsmlistc Odpipdsjocjdeidels =~ toj 3 d dzs o, sO¢dr CO¢C
mMdsj M Odzdz" 2 d Is GREI(Batewitle RepettiveExtinctionandlgnition) i
eiNdd3 §JjedsHdBNUOR] dzj ded¥ d §s560MOdzd "
Ctedlsdyi MSdr OOz steso Hdzv fMmEkh jMisotse O
Isj tedsd dzO~ Msslsdesh jdzgdWw dLBMISCO ksfdzde O c

1 LOC dz¢ yJj dfdia]j H ls Oo dzj dz sfdztso dzr § tc J
HdMMmj tols O tpdPB dzdzts 2 O Isj@S yijf JHeq o jfHze dzd € O
tej yd dzL qtelzj &3 = dOEzydzr = L HOdzdWw = .

1 ZOGsH Qe dzsmMBHE SIS O or f sdzdzj dzO fted W
[ Odz! dzj o sfplstsydesets W jiHjtcOdz desets kdzd e j tofn
l.¢. [ 4 o d-dzlz dz. HE W1 . A zdgMmde.dzC ts] . 1 H. Wy
¢ . -#. dz. 1. 0. [ BydedzC 5, | £ . . jtojh jdeCts L O
sBMmMEzyHjddw tOBls, oth jHhdas © HdMMJj tols O
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1ol ¢ 1

Jevr L1130 Ytrerd{fdrr1RrRc UrJtRR AR
Jegfirivd{euvr Lt rsRAsH1iod dm ( BBL
dlsj cOkir )

Al.1. [Bhdj LktcOodzj dzd¥ tcj Ocdtekzs h dn

#dMmisj B8O mrdBdUIMEd ©]j Ocdelze N jets f st
fMtej HT d o COYHT 2 Bsdz dzls ot d3j ded f sd
HOo dzj dzd j, f dzslsdetsfls! , Isj &3 j eOlskztce®O, MC 51
tj Ocdtelze M j2 Mmd3j md. Clsd dipasgdlss @ fdhigls j
tcOL dzd ydzr » byt or fHtsmMistcOdmMisa ® o tojL kzc
Bsdzj Sedzvtcdetsets f jtoj desMO (Isj f dzstf tetso SH dzts
M fstedmlsts?2 Mtej His2 d dqLdzzyjddw. 1 1 lscdl
CB®L o fYotedMmlss?2 MtejH] HEdydts EZydls'™ o Ols:
[12].

[ dzv dBdescdrm 6 Odz' dzf = ftesYyj MMtses - OwLOE
Cobstesdd MCtsesMis! , HOodjdedj d HtekzcEdj
[13]. 1 It 3 j otej kW, kttOodzj dzgdwV Mmtsh tcOdzj dz
sBh j2 BlfttOodes?2 Issydets? d3OIsj d¢zOIsd yj ME tsG t

vsjteddddz ¢cf stedmlsOv Mmtcj HOEe L AdZOYOjIls dz¢
COCOMP vin®ddz &3d [WBEHMlstsldQdf d3tso v L Odzdets iy
fsLosdzv jlIs cOLOB ddzd Y dHSCMIlswdz fftetsna tsSH(
MMejH' dd3jsls HBotd dts Mdzsy dzks fMistezS s
BOCtesdBj »n Odzd Yy ME 82 HjIlsOdzdL Oy diz i tafj H alafg jddg
sBi jJdBdz L OSBdzOZd, Cwltster j ftoj HiNlsOo dzw 6 Is
SHdStBH dr 2 C18.dzls d delfz 5L Of d M kZteOo dzj dzd 2
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ftoj HiNsOo dzj dzd 2, Lot dEYE M R tcO 3o Hetedss
Isj dzts) M dztsh dets?2 MtejHT o OB OR dBisH j dzd
oLOdBsHj2Mlsoakzs hdrn CtdlsddzlzBse, [f6lcj Hlfijdx
Listsds dzj sBRtSHd®BES Eydls' 90! dzgj Itsd Cts
Gjlsjtoofpiedss?2m odej hdzj 2 MiejHs2, des d oL G
J slsdzdyd) Gl cetBsejdd 7 Mdj M2,
cOMMdBBOted o Ols! v ¢ OF¢ jg Offpckiz@Y N ded o dzfh ftc O¢
Codif sdzj dels OB, o Cjlsjtescj ddets? MaRj HEBA C
fmdsd Mmd . I mewird M 4tlsdd3 o Isjtstedd cjlsyj
f sted Missmisd. 7 BHEHs &Hedoy o j ddyd 0, o
yoflsdy, MtmMsOedkvshds fstedimlskze fMtej HE.
fstedMmMists? MtejH" IRV, Sl ftdf HBtORd o
B M j d3gd3AEB |

Vv

a=—.
\%

(1.1)
sElWWdydjdads §stdmssmisd ©HJdOS S Hd
dzi COLOSIkjtdLbkjls ©OL&jter §t [H] MistelzC Isk
| HOd dgj 2" j &8 B EH jiay Oy qWsLO , dapuistes ol
sdMmlsj &3O EZtcOo dzj dzd 2 , sfdMmr e O h OW  Ho dYJ
fMtejHnd, dd3jils odH:

FPtcOo dzj dedj dzj eOL ter o dztsmisd

C
%+DC§N§)=O, (1.2)
PtcOodzj dzedj HodXJjdzedd HAzW GcOL O
M C Cc. C
rS‘%’+(§®C)uC§=-Dp+DGT- F+r§ (1.3)
g -

FtcOo dzj dzd j 1 jleHts@d dyteyjdz™ Iso
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uT, _ C,
(1- a)rcccﬁc—a(T—TC)+(l— a)/ DT, (1.4)
ZtcOodzj dedj < dzgjtcedd Hdzvw cOL O
3 G &5 pAa S s C.c., C. C
fcvg%+(§c§)T8:7pS‘%+(uCc§)r8+Dc6§®)+FQ/C+/QDZT-
G + re +
-a(T-T.)/a+QW(T,Y),
Ctsdzgyj delstcOydw toj Ocdtelzs h jets o jh jMmlse O

(1.5)

; Cgs C

r%‘%+§®v8: DB2Y - W(T,Y), (1.6)
(; -

tcOo dzj dzd j : MsMistsW ded v

p=rRT. (1.7)

VHifM  do, RiOWPg dzj dedj d MCBMis! §, LOL O
f dzsldzsfls ! jlte ©®2 OW @L ls,p S Ksg jdds fipliso jodzdats:d -
§ikEmSttej ddj Mo tsth ikd kO § G j GOV fas &si Is
s j fidgSstsmis! §tod { wHjls sswWClzdaie stpdfHirs?e el iH © ;
5§ B jtcOkter cOLO d ftedhissdts ] sy @50 s
COL Ojtedi sBo fiti Ersdzgmls Odzls ©, tsftcjHjdvshOw dd
s f QM idQ:;f &sls0 d mMS sl YiEgssEgdgs i
dzj HEMIsO8 M j ¢ O Ccuipltods D6 ifdsit iYdi;d yd J dals  dsts
HgWWkLdd dagj HsMisOs h jets € SRl 6@ s OV ¢ Pisk
P=pw/ixisf j tcOtste CttOHdjdZsO 5 §tesflstOdmls:

[Olj BOdyYj MSOW osHj d HEYT tddjhEs d &
Csbster j LOadmwls tk ¢ jtdjlstedd d WdLdyj!
LicOo dzj ded(Wl . 7). 2) s dzlz yj dzr dL sBh dA L OC s
cstejddw d Wdd keOydd fttd dhMfsd Lse Odzdc

1l tejHi SEZOCO] sHO®L ssMESHEEfJtH S .

25 jdel Bte oW L SAECHADY iy oy fiadBY )8y b g
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F = m%)u+ DL% E)CD(/:)I (1.8)

HEITH]JRZOBd Y MSOW owLCrMlis! cGOLBos2 fidgj M
j Hqdzd ydzr 202 )sijtfL e s ste st Odzi sdzq Bso Gegd ¥ O
Hj2Mmlsoads owLSdR Mdd fted oL OddBsH] 2Mise d
MéstesMisi 2 ®iNHE §tedmsts? QRGsgdy Jids ods d
oS dzt yjded?2, O bOCHJ WdLdud M& d B3d19ne 2 fifjs
fteddevIs' = HBY LM [162d0 ddjjls odH

F=alG (1.9)

k

sBLWWdydjdas (hwddypbifsmMEPLOClsj cdmisdS s
LOedMmdl ls Moats2fmise ¢ OL O.[dR BBjujsks Ww@LOB] ts
Yyt 1kt ydmsts cjokjbedyj M) Mot Mmisp s
Mistelz C[Blk to

3. 1] bjgcHs?2 WOL,] t©OBGIO dindfiktc | eztef BN |
dzi { sHo dls flemfiplod Mtej H' , t©0Oo dz® dzkzdzt . v dzj dz'
sfdfmr 90 ls fdlsss Ijfdo, SCtktster?2 ftjHM
sls jidsots?2 W OL fa(TET)cof g Ists € Is jlf dd®j i dts tffricys o t
COLO,, uvjfdsifcsgusHEdshiic s ] Hlf cdoc
/ =const

4.1 OBl Istej dzdzd R fddz o c¢OLj GftejHj dv

GGLM ( G’H?—u u(]g)l kB f) SEEPY@GOY § tosdL o 5H da

HdMmmdy Olsd D& i Hdifdn d § Oilg v 30 Dte thfys 4§ d wj M
FOindmMdf Ouw c OO Y d3j 3y WO deikjoy Wit ddzsPr
dzj tOo dzgsd3j edzsmisd. 1 tedlssS kjfdzO o cOLj
ftedlstsS s jfHo? oW Okg , s j MEO@OEWSENY ki



18

d dzls § dzfyd o dats iy Is sjf dzso " Hj dzj ded V[22]: f MY, TR d ¢
vjf zsfteso sHdzsMis! ¢ OL O flgFoerfis izOc Of sw

5.R MY sdzr fbejdlefigrd 3 j ded j ¢ dzsB Odz! dzts?2 € d dzj
vOCYd dmysdy LizjlsmWw §tedsdzdy J d@Bj Disconstzj L
MftcOo jHdzdotsj © MkEzyOj, SBEHO Sdoidyj n!
fteddgj dgv j Isfyw  ktwOodsj dzdjy (1. 6), dZOS tsH d k
Misj nddj stedyd MEs2  Md3d M’ &, ddzd CBGHO
dgdzj clsdzesets G OL O ( dzO fotdsof dglirte,, frpd3 jlzfipwdzj)eo. s H st t

[sfkzh jdzdv f sfilstsw dmitgs ©Mmkd j dz€ des ¥ W &y d §
sjf dzsftcsosHdatsfisd d HIWWkLdd fLotdwsls
MeHjyOhdas SCtL WWdydjdzast fjtej detsimO, o Is:
C L dzOydlsj dz' dziy dic jJqME D NIg @sftye , Ylsts B dzts §
[24, 25.

J HdMMitelsOydd Ytedoe jHj de tej L zdz IsOIs
MowL Odgdzr » M Wddzr stcOyYydj2 cOLO yjtjL 6
Ccbtses fwotsdmMantsHdls ¢ tstej dad @ dzjfedjjimy e
BICtesC OROEZOR, o bkfmdsesdw?a, CBEHO Isj{ d
fMzh jMmise j dedzsj o dzdWdedd dO fesyj M dcstey
BOI ] BOIsdyi MStsets &sHj zdtese OdzgdY d MY sdz L
or h j. il oldet§ B, HdA&W or Hjdzj dzgdv tshdzse dz' 2
wodzjdzd?2 © hdesCtsdd HJOfOLBdz §OLOR]Ist
BsHjdzd, St j drBsekzls Brils: §sdzkzyj d d
Eftesh Os hdn HiwjHtsdsyjdd?2. dg2 e s dis |
HdMMj tlsOydd Hdzv SsSfidmodkdwY ety ddw c¢O
ftedoJHjdO da (dokdHBi o1 tcOMndOEddgdHd O
tj O dtekzs h o 8 devinjtdg iy fkzh j Mise j dedetsj © dzd W dzd
(btejddv d s fazse®BEdO d @3jspH tHB2 Miej HES
dzaj MlsOyYydtsdzOtedz” j fJtetsyj MMmr ctstejddw  Wddz
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t O osfylstc ©dzj dzd . .
r . L BB - 8 QMY s s te @ dzj ded v
LOStr ssdg Msfizu j| i °f d mls h
fls § dz$ O Bq Oﬁzdcoéo[sgo(jzoazon
fsHjd | OEhd
Wddzt steOydd| ¢OL
LIcOo dae @A f e s Mis tc G LicOo daj ol ¥ j &
ZOBd 20t des 6 5 f dzOd3y dzd | oy jM® SHREFEBED || ¢ 5 o
ftetsmistc Odemls o fsted M2 f

AR\

[Bhd] EZtcOodzgjdzedw Hodxyjdedqw tcj Ocdtclze
fsted fyls 5@ & @y dzj-tam)w ( 1|. 2

{ d Mk detRj OtR W  tshdetsefilf EdzBsEjdjm , o Hd
s dMOddY cttejddv cOLBe o fttedmist

Al . 2. uviKOodzj dzgdv HodX jdedWw dzjtcj Ocdtclzs

vjtstedw W didds BusOjydf d ¢ d H t isHhdz@esd S o )y dzj H
Hody jdd¥ YdHCsMmis]?2 d ¢ Ol &6. yinajde' Istetota
ftesyj MM hdeesSits ttOmMftsmiseOdsy d d o fMlsts
o Wodzj dzd VW A, MowL Odzdzg" = M HEB 24,j27]. du tjta
OClkkOd dzr 7 LOHOY bkjtstedd WYdd seOydd Isa
qdd c¢OLO ftd Ibjujddd ujttjL wddz ster,
L dzj Clotetsdgdzats? et h dzj dedesfylsd d Htekzedy .
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CGOLtso, tOMMdizOtcdeo @pdL Pdzd MdRABLEEEAY @EF Is
dmlsj yjdedj &5 ftesHizCIstso cetcjdedw ddzd Hlkzg
misj dz¢ O dzd . sOCBets tosHO LOHOYd ofmlstej yoso
Ctste Yydrmr cOL 100 MMAdgStoBGotsdie] o © MdMiss&tsH C
f sHL J dgdz" ~ tcjL jJozOOR, oLt 9 On i tctsd3r
ftesdmMaHdl dMisjyddedyd fesHEZSISBSD oL ter 90
EmMlsOdzso 5C .

[ BH j dz! HodXY JdadWw dzjtcj Ocdteze hda cOL B9
GOLO dMftdz L s OdzO M- Hdzw sfidmOdedwv Mmdzj H
GOLOOLIHg dz ®fdmodz0 dBOIj BOIsSdyd M Ow  dst
fstcd misr 2 MmMddzs2 HAzv Mdz y®®o dzjsdid v &0 f § &
fdsw. [Hjd sfdhre0jl dMmlsjyjddj d H
fBHL JR3detsd3 toj L jtcozOte] .

1 d MsOydtsdzOtedz 2 ftotsy MM Wddz steOydd
sfdmr e 0j smw EZtcOo(dd.d)v da COls O (AL,5 29 A
Y dzj Qi slseo j yos h d2 LO Isjfdzseor Hjdzj dedw
MdMmlsj &30 EZtcOo dzj dzd 2 , sfdmr e O h Ow ftetsyg fr
o d[as]:

%+gc‘6rﬁ:o, (1.10)
r%lf+ (L(/:@)C)uc?=Ec):p a€g+ ré:, (1.11)
(1- a)rccc% =a(T-T.)+(- a)/ngc, (1.12)
rcp%g + (EG'D)TS:%% + (L(/:C'i'g)pg+ aggz + /gECJ:ZT -a(T-T.)/a,  (1.13)

p=rRT. (1.14)
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VicOodzj dadj Hdzw 1 dzgjteddd GOLO (1. 13)

> " Wd Mz dad 2 ublef i@l =P RO g u R=c,- 05 G 1

s fidglstsmlis: ftod §sihistsw ddasds HOo dzj dagddS tscindst
fstedfss? MjH' ddEtens st de 0Lj0, |s jdasdes
fsedflss? MLjHT LO fMuyjlk Isjfdsss &j z0
Mej HfsMissw GadetoAst S5O dGsHjd dhfisd L s O

Wdozi steOydd tedz@lsO 1 EBOWzESR fuBusHdZ2g0 j dssmis !

1.2.1 [SHjd [ Otthd % dd kst

1 Oyodzs tOLodIlsde Isjtstedd Wddzr steOydd
r Otefmd, Coslsster 2 © 1856 G6eHEkZ MWtsttdlkzddtt
1 CfMf Jtedd3d dzls Oz dzts L O¢ tsdz, o Mtsslse jIsMmise d
ftotsf steyd sdzOdz' dzO G t§2O]H d J) dAEHs dzH @ oCdgifrdd W dzO
dzddzj 2dz" &3 L OCBBdesdz Wdadz steOydd, ¢ OL Odzhw
COC Hdw YdHSEBMIs 2, sO¢ d HAvY cOL B9,
MmMtej HT .

t OmMmMdiIsisted &3 EmMisOdztseo doh d2 MM o ts d dz'o lst
dzj 6j Ocqqelkze h jes cOLO. uvjidBfjtcOskztck 6 OL O
sgcH 52 fJtefH" | MdzzyOj d&j Hdzj dedetscts MaEl), j &
PtcOo dzgj dzedvw (1. 12) , (1.13), sfdmr o O h dj
lted dBOdzr = yYydmazo- P daisdedf M@ dzv  d i3 2 dz
Ctsdzo J SIsdoder d3 ydzj detsdz o dzj o 52 yofmlsd [z
ftesyd Mitsd, MmMowiLr o0 Qe MOBEEUEE Y dB Ytk
owLCts Istc J dzd J &34  HE CGOLBAR d Iseo jJ toH ts
Wi dtsdij detsdzse d uyd mE 54, ts dzts By 4 Is B' Is
EmMsOdzstsodoh jesmw owLCtets Isjyjdedw Mt HT
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Bd Y HE owL Gidiiz clOLWW) deffdzd Y dH S BMIsd [ J 2002600
Re<< 1, CSEGHO MejHdWWw MEsStesmis! GOL O dc
HOo dzj dzgd?2 dz©O on-tH] d oratsH] dL § OdzOdzO,
or fsdzdgw Is+ mw d o Mdzz yOgts o Wint€jsHeis. Isj yJ dzd v

vOCddy BBtOL A, MdMmisj O, tfdMmr e O h Ow
GOLO MosHdIMw € odHLE:

pdra)=0, (1.15)
C

Pbp= rgcg:- a/—knL% (1.16)
p=rRT. (1.17)

) Mz y O J§ SHdAG) cdsets HodyJ ddWw ZtcO:
tcOo dzj dzd 4 [ Otefmd . J tOBRE OR 1 Iss2 dBisHj C
Wddzt steOydd, dOfteddj tc, o tcOB BIs@Dypuil]3d]ls st
1 - 11.09 dzso[BLlE, g 2 (r. 2S¢ s MR . .5 dzkz B O tesdizdd@88H
[ .J OMSN.Muska) [34],R . ¢r Otc dEB5R ¢ z j 2 H J (AcSEheidegger36],

[ - &#d2Bj@AlddHtelzed] .

[ dzw dz' 8 Istsdztso MG d A NdHEBMIsj 2 tsB dzO M|
sectcOdzd ydo 04 Ismw BO dz"r d3d Me stesmisw d3d W dd
L O dfd dstsfls ¢ B Y HEZ GCWOHdJ dzlstsds H Oo dzj dad W
mistetsh j | mMse f OH J dzd M 1+ CMmY Jisd d3§ 0826 ©uzO k
L Qo dfid dizts s CtcOHd ] dzs O L 9O dz] dzd wiz' Ists O M
[37].

l ssteg@Oo © HdMM] telsOydtsdedets? OBl 51
dzj o j O diezec OL s o ctcEflsHg dntctg ® R i3ts Islte
d3dzts ¢ ts ) dzts 2 dzts 2 f sted Mists?2 Mtcd HT Mdzsd ¢t
Is 5 dzh d dats 2 d ftesddyOj idcfisH Ba sdf dxisg SUDARE,
ofmistej yor h j j mw ¢ oO¢ ) ftcdtetsH j ( dzO0f tod d
dmSEzmmilse j dzdzr = BOIsJ ted OdzO A ( dz0f ted d3d to, 1
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suydmls¢ d! wiedspQ kigtEtgls H] 2V ils Jtesf 2mMCdazs
dzsw d wodvjlmw gz 5] fips@yjddgdae2j 2 5 G OC Is
fstedfmsasmidteduyj i, fttd BHds2 d ks2 yj §t
COL &z yde 7 MiejH &syjls ¢ OLPEY Y- jivkiodid
fMowL Odets ) LOSEsdesd [ Ofd, Sttt ddidtt
fetsy MEPA HEAi e j HY Sdzsy jdedy & MisOydsdzOteo
dMfsd LsoOls! fushsky Mkl ebosisakd
Mz y0j HBfEzMCOjls OdOdkdlsduj St toj g dz
fstedflss? fMejHr .

g dMmisj 30 dedk O ¢(d4j .1104) o Mddazz Mmoo tsy Asmmec
OdOddIsduj MS & dBle 0wy .¢RikddOls jJEOIs d uj NS OW  dt
@O 1?2 MmMdMmlsj ki kwOsdy ded?2, " j kO yd
HOo dzj dzgdV BjyHE Mdsjd fstedmisjisROfndejH oL t
o fBHL jdBdzsd 6jLjLobkOt] .

1.2.2 ltedBdzdy J dzdd B OWESHJIW

I LOodMmddisfisd ks Mos2Mmlse §stedmlsts? f
¢ d3d H dzj dzdzOW & tcOLCtezLCO tjL jtcozOtO. J
SftejHjdvjlshvw o Isigdicasdets df3zte o Witdm@didy tz L af
HAWW EL dd, oL jizd SO shhjdats toits®n ditsls f H O dzj dzd

J BOtecsHdWW kL dsdzdesdz § ted B dzd 3 j dzd d ¢
o jdzdud dzs?2, oL &M jddy §dskdshsd d fHOe
fstevHCE fosfsteydsdOd d& nNSstshsd. vjd
COo dzts?2 Isj 3 jtcOkktcj o ¢ dstedsOdz dz ° & pedd
§ dztsls dgfs iOfiz" di3d 5 MeOo dej ded® M HOo dzj ded j
MejHT, d MBREOd"w (4. P&Po tejsdegf €% (i dzj O
otsL Bzh jdedwv iz ff dzslsdetsfisd d HOe dzj dad W ydzj dz
tcOo dzj dzd 2 :
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+pBa)=0, (1.18)

RMC dzt yov mestesmls: dL 1 Isdr EkZtcOo dzj dzd 2
sdf © Hdzw otsL gzh jdzd?2 HOo dzj dad W :

ko. (C, ..
%- %(chpk)zo. (1.19)

lededzdy j dzdj BOsHdWYbELdd fMbkhjmlsejo
wddZ bteOydd sygj@et@ df ed d3j dzd Bsmisd 2t Oifs @j
nOtcOCIsjtcdesestcricy ) e L s @ ZO®OH2PMH o J H j dz

Il cdosj 3 fdmoddj ftsyjmmo Wdd i
Ctej dzdW o MmMsMkHj. 1t OOEscdd 1 sfdno
CGOLO dL fBHL jRdsets tjL jtcozOO, dzts j Gt
fsmisj f jdedetsy dzOtcOMmis Odeqls) eHtDocy tat@fdzd W e OLUO
ftedosHdls € dzgjtsBrtsHdEsmisd fdModdw sfd
BsHj&vE ) Etej ded j oB.

A 1. Qodzpdedv twOMf tesMmistcOdzj dad W dzO d3d dz

{ OMMBOtedo Oj B j] o d&ZOMlsswh j2 tOBBGIS
Isj stedt wWOMJsMistcOdzj dzgdwVv dzZOBH dzOtcdztse s f dz
i Mw o, Ctltstekzs o ajnlsipSidSij W@ LdeSdfdzd ¢ . fi
[ hNtcOROBR] dzj[3pS4fl2 | HtejHoOtedlsj dz dets ff j tej
f ZOBj dzgd Hodyjlsmw silsdtsmdlsj dz@ dets  d fipRdssit
MCtss! WZOL " 9 O) 352 dstediOdz dzs?2 MS el
MEstesMmis! L OsdMmdls s difAO®HddptsiElty  figts fids] Qg
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LOoadMmdls tsls EkfMmdztse d?2 L Oy de Odzd v . l totsB dz
YJ dzlstcOdzt dets?2 ftesBdzj dis?2 s stedd e tstej dad v,
fjtcoarn, 1t dzOdBtsdzjj HBMIskzY dzOV sYsLic j PBHzE
SHdp B dzdetsiE® BodXyJdd™ MejH™ d ~Phdhtel F
L dzOdzed | tMdeseodegr » ftojHMISOodzj dzgd?2 d toj L & dz
mMih jMmlse jdedz" d@3 Y ted dMMmdzi Hise Oded d4lilzdzs e d =

{ Mdzs o dzOW  Islicjztsitegsiindsy 4 ig¢ s5d3 s§ dMOdedd { t6
Bsdz! "dd&3 udMmdzsdy 1 dzj di3j dzlsOtede” = = d B3 ud MSE
] sHtesBd2OW Cddzi sy MEOY Maj BO toj OCyd?2
Fcdzj o sHSteSH dz' n Is s i dzd o o Cdzt YO Is HJ fqw s
ZyoOmlseze hda o MmMslsdey n 1 dzj o3 [@RAs4tc dz's A s @3g o3
HozZv ddesednm o4 M jMmlse dzjls HBMISOItsydzs v Mmd
slsmMizlsMmMlsozels GCddzjilsdyuyd MSdJ H Odzdz" j . 1 4 M
BSHJ dzdtese Oded § 1§ totsyjod] fipts[eh S Hh i IS0 df4ideilid, A ~dats
Sdets Msftewy jdes f) teWHBHR bkzHdshsji2 d Is
LOkteOls. 1 ik, $0¢ ftkOodds, &teOddy
CsdWdekzteOydwy dizd ettt dzsydzr » kMot Mise .

[ desedj Ofmf jClisr Hd dzOdzsd yj MSsets ffso jH
FHso dzj seo tsted Is j dz/ dats s dmoOdz BJL ftcd o dz
HlsOdz! detsds o3 = Odzad L o34 [48]d d3df Y Jt fipSscfly:  MteigzQEOY d
ftesyj M ctefaz@f IstisH & gzte g Odz! dgs?2 - d dzgd yJ M¢

se[Yel+ 3o[Yo] YV ftesHECIkT ©j PSydd + Isj § ¢o)

@Yo Vi Sdayj delsteOydd sSdmddlsj v d lstf ddes
GOL tso 52 30,MeFifMsld, - sd3d Isted Ud ME d[49]. ¢ wiNY Wsdiry d .
SHds?2 SdidujmSs? tjoSydd (1.20) odjf
Bzscdj L OHOUWd cttej dgby -Gde®ddgd &jantidnisd
Wodzj dzgdW ® hdusCtsd HJOfOLEBd §OLOd]Istt
HikbOd dts?2 CddzjlsdCd dweyjl bfdsyddls' §t
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o tcj d3w CoO¢ dmf sdz' L s9 Odzd J tcj Hzydtetseo Odz
olststetsMis W ddafzyd ME d J ftesyd M’ d o' HJ dz
BftejHjdvenhdy YseodH]jddd ¢ dzOdd dzd.

4 CtstetsMmis! ~ddBdy MEs?2 tj OCSydd L Ooadmdls
[48]:

W(T, Y, Y )= AYY," ex% E—T 3 (1.21)

GHET L dzj eV OCIsdeOydd &d dfdeyHfy Ty stz @
dgdztsy d Is § dz . S, SALM,Is® dglayj dzd @ OF Isfmw dmr sHW
Cddzj sdyd MS 2 sjstcdd cOL 5o, M j yd Odz' dz
fsHBdOt sMw [IsOCdd3 tsBtOL s3] Ywldas Btg O frHfrsUipflds
st tojjogdzdzd3dd + S jtod d3d dzlsOdz! dets ddzlsj 6t Odz! oz
sO¢d®d COC dtstdhzOd &zOv mMEtsttsmis! ©WOMY tets
f dzOd3d dzd. 1 tdd3d tc S dmMOdzdwy MfsmtsBtse i ts.
9 [50, 51].

Il s dcgdesedrn L OHOYOR cEtejdad™w o Oy j dad |

W(T,Y)= AYex o a8 (1.22)
¢ RT

GHYT BOMMSe OW HEBdkY dej HisMlOs M jets § st tsd
s Md 2 dej HsMisO¥ N dd3 € 5B tsdzj dals tsidts Mdpfrplekd]j ldsf

) s Bts s dMOdedzr = o' hj  fteds dzdy j dzd 2
6] OCydsdades? Moj & , Gtod dJMmMmdzj H s Odegod of
sjstedd d&OR]ZOdscets § &Odj dd OS] fi]
My dBOj dsMmisd cOL O, §mssdssins Bw@igs: wEf
Bjdzt hj2 MEtstesMmisd LoakzCO, O L d&Bjdgj dedj H
[ OR[®]. CIsd +WWjiClkr fkh jmisejddy dzdh+ 1§t
COMYf esMistcOdzj ded v Wictsdals O o dirplsy ufij S st n[BRYj4 O
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) silssw dhlse & jls O dej gy dzmfPs ! ©OMMBOISEdo

WS yd¥ GHES?2 kod ¢ b;%ﬁ;m@b%%msztseaﬁzg

tdzjtecdd (1.5) d jlsv ddpansdty Oyt Rd uj @D EAp). o v
l dzd W dzd | o dzj h dzd = BRBOMMse r A mMddz fted aRBst
bydls' o0 jkfmw. (ks fLotcd jlk BlBtesmdl:

u Mwsd o' h jsfdmOdd 7§ td By T Jzl Yo
fdzj Hize " j 5253 dHE

%+§c‘§r§)=o, (1.23)
r%%\/ + (L?@C)chz B+ néi&ﬁ%%(& @%g (1.24)
rcpi‘ll +f/:c'b():T§: /gng - a(T-T.)+QW(T,Y), (1.25)
r%%+§<}gv§: DE?Y - W(T,Y) (1.26)
p=rRT. (1.27)

1.3.1. vicOo dzj dzd v OMY dzeh s tc O wad I 5 ds

I tdduydj b cttejddv o St ssd i
Moftescoa sy HOjIsMw Hmsoerh jdedjd3 HOo dzj dad v . [
cstejdzdd cOL ddisjjls otL sy detsfls! Mo tsBtsH
dhls YOfEs' Hjdde" jetsmw o ~ndddud Mt tj OF¢
flsd dz¢d ftejfwismisolzs s jusqffhdziste j Haffdsd e A Gils 2
ssdz! €5 dz2O ko jdzd yd dedj o daz® tc fr dzgzdizy y d dia] o «
LOStE' IsT 8 fMsmkzhOn, ¢ GtogEarjj lsoOdd t edcy ME jse
fted orcettcOddd IIsts2 yJ OMmMmr sOC sEts
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ftoesMmMistcOdzmise j fted § sMmistsw dzdesds H Oo dzj dzd d .
MesmMizn Of ftesyj MM, CO0¢C fttOoaddhs, cdzOcOb

s ZOMmMmd ud M& OW  dgOH jOdz' o LA jtalzdls'ts 3 MBA) 2 H
csotstedls s Itsdz, 7y, jMmdad st MmMohkzhniz I
f dzO 3w , st MEtstetsmlis! 9" GO GcOLO ¢
f zOdBU,.dzdr Oo dzj dzedd © COYHT 2 dBsdij dzls o tcj d3j d
mMomMznkz, omMitd Sk Mitttttshmis! § dzOdgj ded L da
HOo dzpdaff J L OoadMmdls tsIs CttstcHJdzOls d weodzw j Isf
¢ OL Ols Ylsts ctstogizizd p tcd dFE Ref H H B dzigssdlzj M) dzts
sHddz fMdzs?2 L O Hkzeddz. 1 MmMddzz dL dztsy J dede
cstejdzedj GcOLO © LOSCtrIssda MsmMkzuj, BEH, IS
MertcOdzj dedj dBOMMr d [Bdlzi ccdd cOL tsots?2 Mmd3j

C.

%wacbrﬁ:o, (1.28)
o C ~

ro, 0 L pTI=W (1.29)
c M + W

p=rRT. (1.30)

Vi Oo dzj dzd(™1 .(310)2 8 5 5dzdzw ¥ 5w & te Odzd Y dz' B
Is.

1 jejdHe MmdMmligly Gz fgds il @dediidssts d3fy § dzO d3j dzd
d dzH P &Blpe e co j dzd yd dz' , Blsdasmwh Jj mw € dgj f

fstlse jIsflse j dedgts. vydlsr s @w, Ykt dL 64
f dzOd3j dzd :
I §-=§, (131)

dt

fsdeydd moskdsh j ki, dE€ s oftsjd0 i djoo dzf
MsctesdOd sl W[ESSES O § zOdj dzd
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o

u

u

- 4, =(E- 1), (1.32)

GHY S WWduydj dzls Ec®) dtcy tz@y dzg@d© (1. 31
Eficzseo dWw &3 20 Wtetsdzlsj f d&zOd3j dzq .

[ OdedzOW BsHjdz fteddgjdW jlsmw wHdw sidf
0o j 3 HMMjtelOydsdds?2 OBl . 1tjHT{Ht
MlsjdeCd tjL jteokzOttO® dOBksets o&jd' "j Stod
ftesHEZC SO Gcstcj dzef WO djtsidnzOsigelladgisjddz fdoste d iy Is
1 silssdig ftesyd M etej dzgdvw dzy ©OMMAZOIsted o C

A 1.4, 1 d6BYHdfsa@bksBsHj &z cttej dz

[ tczets? tOMftetsMistcOdzj dedes?2 sH j dzd & s t
HdW W L E dedzis o OW BsH | dzis.s?2 | BiEsOlEdPr tsMdase
Hjdwjlsmw o dzdWw ded ¥ ftesyj MmMse HIWWEZLJ]
HddOBd U MEsy (e jHjdd) § dzOdg) dd. 1 tdj |
L OH Odzdz" d3 d  dzj LOodMmdls tsls dL d&3j dzj dad W
1 4 Mdgls dzO Hteshistsishs,| §f ezff O L Fiissdzdptsiz f sL ¢
MisOyd sdzOtc dz' § ted y d d3" Gtsteg dzd W , dr Efmbt
f &zOd3j ded o Mmdzzyow =, CseHO ftsyj MM’ g
Hesdddzdtelzs " dd3d . [ Olsj di3OIs d yJ B df " dgtscHs jlscrpfv Lk
Ho lznA HdWW J tej dzyd Odz! dz' = ZtcOo dzj dzd 2 : H dzw
Ctdsf 5dzj dels© fyo jxJj2 [#P86) Md, (1.25) d (1.:

auT c.C 5 C
rcpg T +HU®T 0= /DT - a(T- T,)+QW(T,Y), (1.33)
3 Cs C
gty +uCGDY8: DB2Y - W(T, Y). (1.34)
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1 Hjfntconst O wWo dzw jlsfqw L OH Odzdzts?2 W kzdzC yd.
CsteHd dzOIs d o tcj d3j dad .

ltej ddBzh j Mise sds  -lsij Wt L taRts dzdatsts H(j ldzd3 4 ) ( -
CGJHtetHd OB yf HSBZ) (Yo &z8) Isyw o tsL ISy dzts
ftesyj MMse HAW%ELddesets §jtej dsho, ¢ t
CsteslsC sotsdzdagsor 7 dMC tod olddf dzd D tc Odis Iis gigAB fiph IO
MteOo ded 3" 3 M s § dztso Iy L iy (29, dOHzts 2 OF dfQ d3jodad
otsLHj2Msalzs s dzO MOk MistezC kol Wtttsdzs O
CGOLBHddOBdy MSdr oL &3z j dad 2 .

] JHtetsHd dz2O0d3d yJ MEC OV dzj fMists?2 ydo s dzv §
odH] HAdddse tsddses' 7 dM¢ teld »>dki dzd B ts¥izic 5 dzK
Mz yOjo BO odHJ ey aidds s o tsfglsidsd tcj d3f d
COC fJtwOQoaddzts, wWodzwjlsiMW HBRBJdedtelz® h Jd3. v
Zf tojeiddzts?  3sH j dzd, fYwsLotsdzwvesh j2 COyjmlse jd
9O dets ftcOQoaddz dets 9" wWoadls! dzOdBtsdzj j MmEh jf
ftcdtesHlEz otL dzd € dztso j dgd W dzj EMmlsts2 ydo tsflsj 3
1 S jJtod d3sj dzals Odz' dz 7 H Odzdas GF IsiiCOc dftdc?j HHBE sz (s
oL Bz jdzd?2. 1 tdzEzydls! ftejHMIsOodzj dzdj -tsB
sjfdzseo" n d edHEsHdZOBd Y MSdn 1 WWJiClstse
dL z2ud dzd 4§ nOtcOCIsj todz m L dzOyJ dzd 2 G jtsdij
Cl W dydijgldEshnad Ml Md ¢OL 0.

1 JHBMISOLS sd3 BsH jJLldzB 45 d O ¢ ([dAs.B DIY dets?2 ¢
tej OCyd?2 W dzW j Isfyw Is ts, Ylsts tsdz0 dzj i s
Ctsdzd yj Milse j dadats § s dmMoOdzed j dzOB dz¥ H Oj 3" R
ftod 3 dza dzed 4 56 teOggddrfijod® j gz Jalzte™  f dzOd3]
Ftctso dzj . gbkzh jmMlsekzsls d OS] WwWeodzj dedw,
s dMOlIs! 9 OB OR dBsHjdzj?2 M tsHdats A jfig
Yyd §dz" d3 tgdadz'odp lsdpjis Odzd L B3 6 OCydd IsteymBlz®
Cddzj sduiMSts2 MRjdkj. Skt MowLOdts M Isjd
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o Cdzg yoOjls o mi B W Bdetsy J Mlse s h OE 59, ¢ C
ndBdud Medd MsjHddzj ded™ Bd, CBlstsr j HISC
fsdzzuydl! tj Odzdmisdud M§ &P Bisded MOdz@§ d & d tizg -
HozrfMmisky j dzyOls™ &3 tej OCS yqdw g wo dzv ¥ Isfqw 71
Istsydaetsfyls ! tej h 4 dzd v, d odded 3Oz dz" &3 W Iz &
Yyj zsets € dzOMMO L OHOY.
{ Hdets 2 dL dzO0d B sdzj J dL o j Misdzr = d3sHzi dz
1 4 d2 Haday @O, SCtsltstcOw BT' dzO f{ toj H dztsy 50
d ftsLHdzjj, ©® 1971 cEHE, (A LS otc d fiphydssdsty
9" MsC 52 1 dzj tc o]l PLO&@BBEEOMYdd Jj tco 52 ditsH j dz!
tcOL ojfiddzy &8 yjfde &3 BjnOdedL s tej OSydd H
fJtoJ &3 P Odzdzse s f dzOd3d dzd , CslssteOW 9 § dzs Y
ftesHizSlsr, dts d fesdiykzistsyd § j&jdazijlddsy |
Mrd BO MBH]jE)dIs:

ol OCQ@PE 9 jIsodzj ded™w ydtd

A+BY R

d toj OSeytd™ o A dutpdi s 3B §f 20Oy d d (1.35)
B+B+MY R+ M,

GHAT 1 Ists dzj HisilsOs h d2 B istfistf tsdigjj wids s sl mie[1, to C
ftesHEZMErIstej Is' | Isj dzts, zs BT | dBsdzj € kzdz ,
tcj OCydd tBter a0 yJjfd, dts dad EyoOmlsekzs h
fts tslsdatsh j dzd C HOdzdes?2 { dzj B3 dzls Otedats?2 ¢
or Hjdzvj®sj tjO0cydj?2, f(wsdL sy, o f
Colsttets?2 dzj LOoadMmdls tsls Isj i3 jtcOlskzter . )
ftesdLosHdIsmMw d dzgj §t6edzsh Oj lsmv jdsig Rdzt, s
(tdzj ecds ) [2868Fsdo Oydd

456 dzOMdaets MHJ dzOdzde" d3 (o H Y tsdztsy j dzd W-d3,
I f dztse® OW  d3tsH j dz' , 9 Bldzdydi 1 584)5H dzg s
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btcOo dzj dzd W dzO iGHtsxtey jdrlsitdsApsds M j ¢ 5 € 5 BY 5 dzj
[22, 60

C2
.:/QD T- a(T_ Tc)+QW(T,YA,YB); (1.36)
o C ~ C
reb - +l(l:®YA8: DAD?Y - W(T, Yy, Ys) (1.37)

C2
5= Dgb?Y +W(T, Yy, Yg) (1.38)

A 1.5, Addz stcOydsdedesj cetstejdedj ¢ O

1tod dz2Odzdydd WwWddz seOydd cetstes yji2 Mg
otsL dzd C Ols sfser I WiEgy SO gEwdzdizd ¥ ¢ tstcj dad
Mt J[B561). A ddz IsteOy(d sidedasdr) tediidsiodijjdsd dzdzts S n
fesyymMmr Wddz seOydd d cetjddy. uvOCy]
f tctsB dzj 3, sB dzOH O h j 2 Btsdz' h 52 Isj Bstej Isd
fweOSlsdud MSdd feddzsyjded d3. Addz sOydsd
ey jddd &deseddhn fuc@EBYdyd Mzj tecjlsdCd, n
1 Csdzsedd,- dJfesy®@icdsse jL s OMdzesMmisd : fMsL H C
ZlsddzdL Oydw dzdL S sC Odzsted 2 dzr ~ mMdzd MJ 2, t
EmMstcs2Mlse ffted Wisted . Odzdzr = toj 3 dd&z3OGr

ltesyimm Wddzr seOydBsdedzse s Gtstej dzgdw BSisc
Is j § dzO: CSGHO fBHEBSGt] o dMrtsHdMs?2 ctstes Yy
otsLOotOISO IsjfdzO duL sBd&ZzOMIsd JwsHEZCIstse
zd3 dz' h j dzd ® Mz 33O tcdz” ntolzlg PY tzlz Y tsldjtdg'H o d 5
EmMlss2 ydotses ceBtejdzdv L OftejHJdz dgs BJ HOA
MmMdMmils j680O- 1 d&ZOEsHOKY o MSE B2 Isj f dzistf tcts9 SH (
Getej dzgdw 1 WW JSCIsdodzs ff jtoJ HOFisy O, 56 HCJO tetf
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By AWOLdtsets IsjfdzstsBdzsd d&z0 fjtejrtsHdIls L €
Lsdy SdidyujmSs? tjosydd d odzlstej dzdzj 2
oBLOWONOjIsMw o COE OM. sO0Cts?2 Mismtse
ctstojfigedd'L BT sSCsd3 + dzlsOdz' §f d d .

RMMdzj Hse Oz fletsyj Mse W dd seOy(d s da
tcOB S[ABE. Rr By dt ttOMMdizOlstcdeo Ols: COC
5 OMftesmistOdayded if ¥ P 3E ded § Jytdg Hdnfdls Hej o
e dxky MmMdjm: (6 Jddzj eisiBygy ™ MisCEBIstsy f oAy
164690 dMr 9 Oj IsMwY BGHdS®R] tdOW Hokznlsj &3t J t
Gstej dzgdWw GOLt9 9 ddzgj lsdets?2 (stedmlsts? Mmts
fjtcj ddfsdgO sfis cOLkz d ke jtwHtsdBkz CCOKE OmMk,
Rdzj tclsdzOv f stedfmlsOw MicjHO fteoj HMIsOo dzj dzO
Gtes ygqd3 ¢ OL 5.

t OL dzdyde" § 9o Oted Odzls” Gstey dzsyde" = EMiste
s5jf &0, sfdmOdy o F&ONpmakgly,iSS T Takendss, §6,0 q
SA.Lloyd [71]d Htkzecdr. RdsjtejMm dMmMmdzi His9 Olsj dz
otsL BB detsyls My de Odzdw dzdL S sCOdztsted =
Mo jter OHdOBOIsdyj MSdr Isj B jtcOlskzte d ML H
o' BtesmMOM®Bd otcj NG CD) o0y h PRIBGEMY j ckz. O GOT
EmMstcts2Mmilse dzj toj HE B { toed o SwissRollOfVR-tdle O dz' glAssls
oL By dets MYy deOIls: yjdzr BjHAZ J Mmd3d Md.
GJdd 6Oydd d tjydteskzdvydd Isjfdzo oddwtEl
toj h j ded w H Otg dzts B Is OLyd Hs@aPd Citcj ded W L HJ !
sjf dzssBdzjdz BiYHE oMmjdiidd odkSOd3d ctstcj
fMdzsy dzz ¥ 6 j sdi3d steds oj3H tsdyiis dzuz) o] S5 U J BIE H
GOL sHddO®d ¢ .
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A 1.6. |Bttjddj cOLBs o kLSCdA

) G z0Oo On 4 d 5 HdMMJ tels Oy d ts dzdzts 2 tc
fsojHjddd §dzOdidzd o COROEZOR BOLBSEt HC
CGetej dzgdV 9o BOSELOL B3jtedzr 7 S OdZOkzOR dfMf &
fjteorn, ®BOd j LOLEBj' COOWLOCtEj Gitlsist
dmf sdz L s OIs! Htod BHj EJetseo Odedd f tod B dzd >
MmMOd3r d3 dLBj Y Ols! Mdztsy detsmis j 2, o v-a ©EAdz -
ftojdei Btoj GOt Is HjlsOdzJLOYydj2 ~ddi3duyd MSda
od M (ool G ts dddisp®dz’ dz2" &3 ~ d B Ud M d &
Eftotsh jdedw ftsLeotdwels dMfisd Ltse Ols! H dzw
COROEZOR o' fdMOdzdz" § o' M| EkttOodzj dzdv t©OMY

] G dzQo J 4 &0 tshdzts@e] . 2719 O o tdA) AP O Is(itcld. k
ftesnYHjddd § dzOBJ dej &3 ftejfwismisadw o 1L ¢
MiBwY § dzOeodes Mk Os hzs Mw L sdzz o Mmj toj H( dz
Bjde' hj Ctodlsdui Méitsets Hdzv tOMMdBBOIsted 9 Oj d3t

stedlsdud MSdd3 HJOd3] stesdy dalz@L "HodOYdijfls'te  d
Colststetsdy dzj o 5L sy des e OMY tetsMistc Odzj dad J ]
Isj §f dztso 52 Isj sted d ftcj H] dzso tcOMmMf tctsmistc
Ctedlsdyud Méses HJOA] stcO ¢ OdzOdzO, ftcd ¢t
ctstej dzdvw s Mdfwindtsis otteHi tvdfy dae jjtlsdzO d L L tsdz
Isj § dzO HtsMiIsdc Ot Is Ctedlsdyj MEse s L dz0yd dz
ZOMmMstsdz: €5, yYbts ttOmMf tetsMmistc Odzj dzd [67, T5c7@.d3] dzc

H Ctedlsdyj M dds Hd Od3j Istcts di mew L Odz
oLt osBgzesfisfd, ISOC COC dzj Lds Isftsds 5o i@z ifnGils
M smtse dz fjJtcl HO9 Ols! oLt 9 YJtejJir] k¢ § dzg
L Oskzr Odzd W f dzOd3j dzd 9 BOdzsteOL d3j tedz" n C
f zOd3d e OMdIsj dzd 2 , dmf sdzt L s h das mw H dzw
Ctstej dzsydzr = EMltes2Mlsa OR. RA SCStdmsttlzS yd:
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Yd tejL dedri,dzj ®, f dgOdgvjods Gls dfiste j HBSdsdz! N j 1 o BSL
[78].

1l jtcoar 2 dzOdBtsdzj j Yodzder 2 tsBLtSte  0OdzO
Br dz o' ff sdzdz] dA.El Poteel [T d3y 56 dzOMdets 1 ssdzglz G
Ctedlsd ydHk@d]Ss tc O L OQadmdls sls odHO Istst c
zOf tcO©o dzj ded W tcOMYf ctsMmistc Odzj dzd W f dzO d3d dzd .
dzl S BIstster § Htezed] Met2MmMlsea® f &zOd3j dzd, )
dqLbEyj dr Hdozv ttOMmf tctsistc®tlzy dzf W dzt5[8OD figdiz 4iztf) d o

Yy d mdzy dzdz" | dimmdzj Hso Odzd W t6OMY etsMistc Odz
fJjtoj &3 P Odzdzse s f dzOd3j dzgd © Hobkzd3j tecdzsdz € Ok
tcOBISOR ¢. (AkGE&dwskinBIs8F [ Hj , o YOMmls dzt
odzdvMd(emji s Ow yYyOfmgS'zLE®EBC K, d3jIstsH
tcOMf ctsMistcOdzj dedj § dzOd3d dzd o ozt A dzO©OdRIs dfry J |
tc OB $14]jdzO0 tshdetse j ©Hdzsd3] dsdetf Wwsa I W ERSE G dzipl
HJdZORdE O oM tesMmistcOdzj ded v f dzOd3j ded yd to
ZOMmisswh j2 OBl §t¢0OL T gIAH ISA§v,C Isy letslz] tiey
§ dzO3d ded , M em<is@dpdizd? din EHzOd3j dzd f§t6d ©WOMY &
stclzB € ) hdesClzs , dzOB dz¥ HOj Istw d )
CGJHteHd OB yj ME 2 d&sHjdzd ctej dd VW .

I deOfmlsswh jj otjdw ddsjtijn o dhfmdzjH
BIC s OdZOdzORr Md3j MisddzfipOh slzd v Ots O tf sy s to
LOHOYOd3 YBSHHJtY OdedWw Gctstej dzdWw o EMmilstets?2 M
ltcduyddes?2 Istsd3sz fsmzzyddz oL tcOMisOs h d2 d
BOdzr = 1 dzgjtcesftcj sBtcOLEZE hdrn EmMlstes? Mise .
CsizB d dZ2OYyd®¥ BOdSteOL d3j tedaets?2 S OdRj tef MetstcOC
sls etejdedw o 1 dzjSlstedyjmSkze 1 dzgjteede. v
mMec stcOdzd W Zcdzj otsHBBteSH dz' ~ Istsf dzd o , ftsls g
1 dzj gz tsmis! ftoed SHJADCdod FMp,0sPiedigic©o dzj
1 dzj Clsted ud MS d d&3d O83¢ 8z dzv B g Argsd tso O dzd W
BOZtcOL d3j tcdz’ n mMdMmlsj ©gOA~ slsCter 9 O Is daetso



36
L dzj cetsMBjtej O hdrn Isjrdesdzsed?2, ML HOdd™
COLtsdsdyyEAY Mo jtecr OHJdOBOISdUI MEda Isg BY j 1
SlsmSHEBY .

CCMY jtod d3 dzls[85-8|sC Qs B dzd s dzdzO® G tstcj ded Vv ¢
stczBCOR M HJOMj Istetsdz o3j dz hj Ctedilsdyd mM&
Misj dzt¢ COdZOZO dzj § sdleas isdzda@,d d © ¢ O F B tc B fgdg /
MessMisd MotsBBHMBMSEE wWOMftesMisteOdz] dedvW
tcOo dzsdzd tcdzs Hody JIsfw ) Isjf§f dzse 52 9 5dzdzts
fstesyHOjsmY d f SHibJ YD Isfe'" Hij Gzd fhhud ¢
GCites Y 2 mdzj Md. ] L Issds toj  dd3j fils Odats 9 ¢
ftocsHECIstse ety dzdw € Mo jni?2 MmMd3d mMd ¢t M
oL By de" 7 flkIsj2 tjhjdedw tetss dz d mizh
weodzwj Isdfinf sdz' L 59 Odzd | Ctstej dzsydz n Zhmistcts?
ftesHEZS SO etstej ddY d dMmmatHde d3d toj OG J dak

[Mdesodzr | Bj-OdedL 3" cEstojdzdV cOLBsO o
B' Is! 9" Wdzj dzf dL dhmmdzi H 59 Odzdzy , G ©z20 § dzg
odzi hdzgddz3 dMmiss8HPU.cd} WS C 2 R OwOC Is | todzt
sjf &zsotsegts Qo detso j MdW ) Mmisj d&z¢ O~ Ctstej
~nOOSCIsjtedzsats otej o3 dzd EZMIsOdztse dzj dzgd v Isj t
~nOtcOCIsj todztsG t§ dafty j dzjsded difstytees ftoj HY Sdzsy d Is
fsodzdw j s dzO WdLrduyd mM&d?2 B ~nOdzdL d3 dL E
dmMmdzj H s Odzd j Gtstej dzgdw G OL O 9 B CtotsC O
Misd dzts & dzj sB - SH J A3 H dzw f tsded &3O dzd W i tots
tcjidlzy cOydJ 2 Is j  d&zO, s ©¢ d H dzw tcOL o dlIs
dmMfsdz! LEkjIlsmMw eBtejdzd] GcOLBo 9o Ywtedmlsr n

l edz0esj 5 dzO tmdetse § H 9 kzn fiflsllz §3j8dpy Cdshrisip
HgWW L G dediiso " | dzj EMists?2 yd o offdadH 28 Hzs @ls 1 frk
FCtesCOdzOdzy M Ctdssdzdtelzj B2 Isj Bf j tcOls|
O BHBKEBHO MowL Odz M Is] d3, Yylsts 1 Ists tsH dzO
tcj OCyd?2. stetsdgj IsEts, 9 ftsimdzjHdzd] Gt
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BsHj &z tetso Oded ¥ Ctej dzd ™ 2 o tfH B H @ls d o gOd3e
o BHEBEHMGE2 {djitcilkdSd, HodcOljdj?2 do
9 SHBtWCSH O. J orflzh jdgdzr » t©Odzj ] ®©BBBBEODZ
i Mi2 o COROEOR o tidass dats Bl MBMEOFH S5 5|
otcj BYW 2@ O8 SHIOK No rotstaizh d2'j& o HOEE 52 € ¢
ftotsBdzj BO ftojyHj dzj B ZO dMfdzj Hise OdzO.
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Lol 2

10rdoYyrR ARJ?2U1t OARR 1 [T OPLRTULISZR,

J G &zOo | 2 twOmMmMBzOlstcedo O Isw SHdas A3 to
fstedfmis™ § MmejHr, dzO- slsw digdd, of tefdis daj L ofy
HOo dzj dzd W 2@ CtdzyOn t©OMMiOiede O g2 IS
slsCtcr ss] HosMmistcOdzMisots M L OHOdzdz" @3 Ols GBE
sdf© -(1.10), sfdetse Odzdz" §| dzO (o HY tsdzisy .
o LJ@BSH j 2 Miso 2y h  A[19% s dzls d dzlz 2 BO 7

] OLHj dgOMINdgOIstedo OjIsqw L OHOYO W ddz
MejHk, d&jshks fosdLosd ds Oy Gakds jss
ftoesdzd yoj dssmisd . 1 sCOL T 90]jIsmw &5 MOy { s da@
ftetsyj Mip@w HHs@zlz ydls! OdzOdzdlsdud Mty tejhj
fdgs dz0 fetsyjmm Wddz teOydd dzO© ftedd3j te]
vsOCts] HodYJddd d@BsYJjls oL ded§ dzkzls+ f tod
odhjMmlse, fAedrugpdz'g WAsC @ BEOLHY o Isjndatsa
dL cdkkesCt LOd&ZjcOEhdn fHL j&d = § oMt

l'eOLHjdy 203 sy fesyjmim dmisj uj ddy
ddzd yddteseo Odzdzetsets tojL S dd3 L dzOydedsy dz' dé' i o
dzi MlsOyd s dzOtcdzts s - ftesyd MMO dzj tsL o tsdzv,
OdzOdzd Isd yd Mm¢< d, fsilssdzgz LOHOYO tjh Ojlsimw
dmf sdz! L s Odath PR3 deE Hzgzgdets d3d IssH O. 1 sdzlz yJ
fp e jddj Budts? dasj oL Q@ HY sdztsy j dzd d d dals  «
CGOL sditcglr &g Milsj dzC OB fstedmlssets COwLE OMO
GOLO d otcjdB3W 9" aHO BGMdso dets?2 jets yomls
ttOL HEfdEO) H § dzv s IsfY Gt Odzd Yy Wizt didsjdabesdgtsh Isfdte
Hdzw ftetsyj MmO Wddz steOydd.
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A2 . 1. Addz steOyYdw EOLO yYjtejL dBdsctsf

2.1.1. [Olj®&OdujMSOw d&isHjd

{ OmMMmisisted &3 § stedMis' B imdejindsishe) dre j e ls & 2
Ldzj d3f dels w©eteOdedyd dz dzj Isj § dztstf tetso tsH dz" d3d  f
ded ® dzts 8¢ yOMmls: 1 dzj 3 dzZls©O Y tsH HOodzjdzdj &3
MdedL bk o9 jtch, or'lkjCOjls o MmotetHCUIL,]Mnd t
i dikzdss 2. 1) .

Po TTU

t d Mz detsLr j2dz@lsd yy mStsy dLsBteOY jJdad ] 1 tsSted
fetdd yoj dshisd

l sted MlsOw fMted H O MudlsOj Ismw dzd futsie & @
Cst WW dydg dzls ftetsded yoJ dssmisd w oo dzW I§ Ay
U B JoOif@EMmME BV QdzOW 9 § dzd yd dzO, jtcte B dzGrc,
dydlsoj lsmw, Yylss HodyJ dzd J GOL @3]. sfddgw o C
MftcOo jHdzdo s EtcOo dzj dzd j Msmlsswdzdw Mtso §
Yddzt sc®ydgoj d3 bkmlsOdzseo doh d dzmw ots ote] a3
fstedmissd Mdzs] sfdn" o 6(JIs.Ml7 )z togd o thizy dis|ds jo3ef d:
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d(ur)

o =0, (2.1)
ap__ 4.

dix gr k(x)u’ (2.2)
p=rRT, (2.3)

HuzajmCtesmls: %dJddceyidzydBmM® ¢ OC ©Of
jHgded ydzgz f dzsh OHCE MtejHr, §jtefjdeHdC bz
Wdd seOydd ofMjcHO djdy N j o s dzdzs? ™M st

10 cOodfisschchisy dLeojMmsd bksd ¢ L

o= Por oy = Pa (2.4)

H P, i OlsdzsmW j edesy H Oo dzj dzd 4 .

1 &z0dzdj HOodzjdzedw cOLO dzO orntHj o {1t
ftesygj MM CO¢ ftod fHtddzHdlsj dz dets?2 W d dz' |
Ctsdzo j Sydd, StEHO wlsmizlMmlsoalzjls dzOG dzj Is O dac
MestetsMmis: W ddz' Istc Oy dfific JdnBLr @ dz@izj ozg wzis j dzg d 1
sftcjHjdzwis: Mw Hted tojhjdzdd L OHOY(d.

2.1.2. 1tfbtesjddj OdOddldyj M &

RL fJjtotsets BkttOo d 22d3) Mg dajsy dpsictnd Rt 148,
o Mslsj §tedmists? g Mg .o ajjikEoydaEtn B s s s dgo
COLO, fljCOshd2 yjtiL §6fjtjydsi Mmjn
fjhov mdmEPRBB) (2. 1jsHMs0s &zv v & tcOdzg
p,=hfkzydd ©BhEs Wstdzdr Hd¥ sfijH

fsedmistd: + dzj d3d dzls g
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a X, 629 ( dx 0 & 29 ()
X)2 =88 2naRTrex 22 xH =X + p2 0expr 22 xH 2.5
P(X) ge n OnepllRT gk(x) DOQ p.‘RT 9 (2.5)

ylssB' z02ld dzjdL e jMmlsds, o tsiaPmgdadli j o
bfiesodjd (2.4), Cobss] 2COLT 90l dzO |

fl OdsmY jtedr d3 HOo dzj dzd j &3. ) ts5czkz yd o5:

&2
p patmeXpl Rgl' u

q= y _ (2.6)
2IRTF xg XX
re RT “Yk(x)

[MsOdz dzr j dzjdLojMmisdy j oJj dedudde dzOR &
r=2", 2.7)

u=3. (2.8)

[sdzsh j dzd®2 .(82). 5tcj HisOQo s s MsBB2 Ik
o' ydmdzj dzgdv Mmdzsodz" = cOLBorn " OLOCISj ted
dLo jMmsdesds f jtcjf OH] HOodzj dedwV dzO jGEts 9 Rt

2.1.3. 1 ddvwddj (it siadg®flstsh)lsits fijets Qi

) 650dz0dzd L dtekzj o3 o dzd v dzqie  de® s dzg 0 @ patt i
& MSsd SR foddj 60  to @Y to s Gzj dzf(® s &%,
LCMysdaj dzyd Oz dets?2. s dzOYOEO wOMMdsslstd ds
zs" ©“HdEOSBe 2 orf sl . 1 fekyoj, S$sd
sy j dgyOls? WkdSydj?2, ©ihjddj LOHOYd
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OoqdqH] A bBOY totsH ] dzQois bt PBBIS)sBh 2 o dH fo
Csdzdyj Mso © Mmdzts

l1EfMmlsy o jtorndzd?2 Mdzs?2 dd&zj jls WdEMmdtese Od
tdMedeS @@= 4 2 2 SBWOY J des t6OMYtej HYdzd dzdJ d H
Wddzt steOydd 6eOLO Yt of Mtslsj 1 dzj d3d dzs© H
ftotsded yoOJ dzstsmis d k; fidg of df) dzfsH Intdisf = §f Otc O A3 Istc O

k, =108 d#, H =10d3 m=200° ¢ fddh), p,=1.5A40°1 CGT=300s. (2.9)

0 2 4 6 § 10
X, [m]

t dmkz dzigCO020zj2dzd § G OL O ©® HolbkmMmdzs?2 dzs?

1.8 ‘
—k, = 10712 m?
el ~k, = 10° m? ||
—iL6 -k =108 m? |
o 1
£
8h1.5
=4,
a4
1.3
0 2 4 6 8

X, [m]

{ d bk deeCztRls dgts fyds * H O 1Pz 2 dets 2 § sted Myls:
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0 2 4 6 3 10
[m]

{ d bk demss Reiils! W d do s FdidzsR0Re® § st d

10 ftejHMlsOo dzj dedz" » tedMmlzdzC OF o dH dzts,
LOoadMmwls sl CiW%¥dyd,j dascs? § tots dgdey @J d3ts ¥
ftetsdzd yOj Bsfls! Mmdzsw, Isjdg Btsdr hjj Mttt
dzj 65 d, fMdzj Hise Ols j dz' dzts, HdzW  Hodx Jj dedw
mMddz: dzr 2 Hjtcj f OH HOo df Tdafftetso O dedztds?s A3tz O L dfdc
ontsH] d d&zO o' AtHj dL L dzj B dzsO, BBdzj j
Bjdz hj2 fesddyoj dsfis: «. | tjLkzd O],
ZOBdtsets Bisdzjj B Mistetsj dL dBj dzj dzd §j 1 dztslsd
asi. & bEd@jd' "jddjd (esd]yoj dsmisd dd
MStstetsmis: Wddz steOydd d, Mtstslse jlsfylse j dzdzts
ftosded yoj ditsfisd dadydzj ets Mdzsw, Mmkh jMmise ]
dMCt®R j OOk Ister L OH Oj k) dais O 9 jdte Hsfzjdats
dzj L ZOUdlsj dz dzts. §OC @d u detk 1P ot Hddiptk (&ACk o
CeOWdSd WkdSyd?2 HOsdzj ddw, f dzslkdasilsd d
f Ot Odzdzj dz! dets tsfpd OB fyd M.

 Odzj § ©WOMMBSIs wefouf) -~ b B dgjGdedd o W dC¢Mmd:
Hobafmds2 dtsds ftstedMmistsds + dzj di3j dels j  f jod ¢
{dmMzdS |y 2.5 5C0LO0&ZO L Osdmddshs! jedfi2
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fstcdMmMlss?2 Mtej HT Hdzv teOL dzd ydz" = L dzOy 4 dzd
fizsw  wOLdBjteder = fOtcOd3j steso (2. 9) .

0 2 4 6 8 10

h, [m]
it dhzdsf0os @M B mis! cOMrBHO GcOLBHESIE dntefp

RL (dmMzdeC O 2.5 odHdes, ylsts, yjd3 d3j dz
mMddzt dzgj §j f OHOjIs tBhd2 ©WOMRtH cOkZz®) did ¢
o’ fslsT 1 lstsets Mdsw. Clts Bl Wipdw j lsmw
MdzOB s tetsded yoj &' 2 fdzs?2 dgjtsBratsHdd L dzOyY
WdeéMmMdese Odzdzts? t©OL dzdyd HOodzj dzd?2 dzO 9 n
or Mslsr MdzOB s tctsdzd Yy QF dgs & 5 Mezsdzd yg fipls o ts
ftcsHoa e Ol! Mw yjtejL +{ dzj d3j dzls.

0dzd § ©wWOMMBslstedd3 Bsdzj §j Mdztsyd j Gt
k=k(x). 1 sdz L zw iy ftoj HY Sdztsy j dzd J 3, Yls ts L

ftetsded y0Oj Bsfls’ k(Qeekd=kJ'der OO: dz0 CcteOded yjj
dzO0d B s dz' k(D)= k, =108 dZ, fsmistetsd d3 ko) dak-Rbdzizd |

L C MY tsdaj dzy §(© ez Gamitbx), L O d nd sl cE,congt H jutsE H O
2q &z 2 dB52 L 0o d M BENBRK; ¢ Serud o € MY 5

In(kl/k )( 0

k= eplln(kl) )(1)9.'[ iLEzd s@dsse w@eFFuyOL Odzr dzO

ftocdd3zj tcj HOodzj dzedwvw <cOL O.
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x 10’

=13 I — ki, 2 HY2
ko, > H/2

1.1}

0 2 4 6 8 10
X, [m]

t M desKOo &j ®&dj] cOLO o fHstedmssd Mdasj
f totsdzd y O=cki®) M Is

sO0CddBE BBEOL 53, L Of @8 @Y y O kixkts fivafdzCdasd d
f sdzz yd s ftcJ HiNIsOo dzj dzd | s fsojHjddd W
(2.5)(2.8).

[Mdzsodzr | tjLikd Ok dmid Hse

t OmMMmitslstej dets Isj yjdzedj ¢OLO o {§tsdzy Mmd
4 ted 3 dede” 3 € 54 B dzy off O gelits G3ls d . [ dzv  Beztizs
Mz YoV sipe®t b dgegz gedzd o ' yd dzj dzdw tshdztse dzr 7
dtE Bs?2 bksyS) §Yostedimists? MejHr ftod dLeojflk
Or mtSHJ .

ldzdwdzdy SiWWdydd dzls©O { tets dzd rfdnjdej sifridsedO
fteddBjtej HobAoMmMds2 ds?2 fstedhmists?2 MtejH . 1t
fstedMistsets fMdsw ik Isjdziigd df'L digjj fzvds* dgv H Qo &z
M stetsfls! Wddz steOydd L dzOydlsj az dzgj j kd3j dz
o’ MsfisdzOB s tesded yoj ddtséts Mmdzsw Mmkh j Mise j dadz
WjtejL 1 dzj &) dzls.
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A2. 2. RfMdzjHseOddj tojyddse W dd steOydd
BSdz h s dzOyOdz degsds § jtejf OHj HO

¢ 2OdzdIsdud MS sy tg" jdzdd o OB tsdad
fsistesdls! BXZOEHBHOLY Mdd dr &5 bkiftesh j dzd
BjHAjdd & d kmsOdssdsh d®mw o sjls 0o top G
] Odkzdmisdude 7 wodzjded?2 ftedotsHdlsmw, COC t
ftejHfsdztsy jddj  dj MisOyd sshpkcezsdyisidls § @ds'
tejhJddvy LOHOYd dMmisjy yddzdy cOLO dL ¢ Bsted
YyOofmls! fksddSiGeyld, tcOPEna0Oticdo Oj &2 § teB
COLOBEISSE ydmdipeisdy - | RskE g2 @O B
Sho 0Oy deetgtizg B B8 Odz! dgj 2N j 4 dLEyjddg Wdd
Motsj?2 OCkkzOdz desfpflsd o9 dHEZ odztso! otsL dzd €
yOoMmisdesmlsd, roCmdiizEp ' BH Qdalasy j ifse o clzd
ZOdetsdzjj OCkkOd d &, ottt pld sHEIPREd cxRthk

2.2.1. [Olj&Olsdyjmsow &sH,jd

[BGL &zOdos Mslsk ©jHj&sbBOED, § ted ke
t Mk dasS 2. 7).

XA

p(D), T,()

H()
|
t d Mk detskn j2d3@sdyj MStsjy dLBBLOYjddj fts




a7

I smMStsdz Ckz GtoOHd J dzls HOQo dzj dzd W tsy4 dz
FtcOo dzj dzadw o Otefnd Hizw tsfdmOdedw Hody j dadV
dB3f zdzflMo Irfdhjds Mmdmisj Bz -( 2D iz dzdf=f d f
dzj fls Oy d ts dzO teakLj O Isgj yfj waeiflss2 Mtsj H, Hdv

% +H Yo (2.10)
X
raél—+u%8————a:<nu rg, (2.11)
ST
uT, _ W,
(1- a)r ccﬁ_a(T-TC)+(1- a)/?, (2.12)
2
re aéL+u“T8 <L sl PNy H-ar(T T.)/ &, (2.13)
CHt X+ gl px+ K vy
p=rRT. (2.14)

I dzOyOdz! dzr 2 d3Hd§jodds) daftgj dgj das[j i3 § OISz &
MudlsOs Ismw L OH Odzdz" d3d . r odzj j fOtcOd3j Ister
otcj di3j dzd, Ists JMmis: o COYHT™2 WJdCMdtotso Odzdz
CGOLO HdEQBs®E L psob@ic] d Mistslso j sfipldss iz i
ontsH] o {fttedmisr 2 MmMdzs2. [ O0MMO cOLO o to]

O =-a, & H()=Hor, () (2.15)

1 HIM d HOdirg s EOEED'c L dzOoyj dzd v
tjLjtolzOw) . 1tsyjmin Mmuddpdsihd"v O dd esods
cOfipWpw HOodzj dzdWw d Isj B JtcOlkzter cOLO o tcj
sBj dn GtcOdzd yon tcOMMdzOIsted 8 O d3ts 2 5B dzOfr
1 Z2Oyjdzedw twOMRBHO cEcOLO dz20 ctOdzd yor W o
sftejBify o RAGHj ©jhjddw. vOCddH SBLOL B
Mdzsw deydts L Of dMOIs! MdzjHEzehddis SBtOL 5d3:



p,0)= 5,0 T6.0)=T.0, <=2 (r.00)- 7) 216)

HpTCBLWVWdydjdzs IsjfdastslsH Oyd.
{OMfteyHjdgdd” ojddudd o {§sedmlss2
&ZORsHYWIsw dL bkmaksedvw tlmkzlsmisedw HodY JcC

2.2.2. vyvYdidj dzdzOv BsHfte J t©jL kzd

1 smétsd C2 Mdigls 1B jd)y Y B)az0@dgs d g mej "
BzHjd3 tjh Ols! LOHOyYykz vydmgg dzdzsj yd dedfss - B
HJOf OL tsdzj MEBtesMisj?2 HtwiHI WodwjlIs fwserh
Odze sted Is 3z . ) LOodMmddiismisd s ftosf z2MC d
it OHO HOo dzj dgtp2Rj dzls 2@ Pdzj ded? wWOMY tej H
ftcj HMIsOo dzw Is M2 COC EMmMks2ydoks z H
CGAzZOHGCd?2 fHtesWdd . 1t 1?2 ftedyddsy §toda
ftedotsHdls ¢ ftswodzyded® dzj ) J dzOIs§ dz' dz" H dzisf
Mrndisdatse s fstewHCO Istsydesmisd, dzdB s Mmdzdh ¢
o sdzdzr HI&zWjlsdglEd 3 gy H C O.

Yy d mdzy dzdzts § tej M J dzd 4 LOHOYd B dzs t6j O
1 Oz AL O CsIstster 2, s MEh jMmlsolkz, wodwjlsf
i tsIs SKCE @-lux-CorrectedTechniqué [102], dzts o Bldzdyd] Bk
fjtcj desidlsmw dzO ddtsectsd3j tedz" 2 Mz yO2 . o dz
Hdzv yttOm f sHtsBdzr = -LPHBEGE BdZrHo zfsMisOdzats e €
ftoj Hf sdzOG O Is CtsdsB d dzOyd & dzj MS tsdz' € dn fn
stsydesmisid. YO G j o dzgsMO 8 d3dd IstsHEz dzd
MedfBes-medHtd-Monstiscigd DS BABP v Miss2 Yo
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fprd & tBiMfjude OdzOMm! teteOdzdyd dedj d3 -" O
NedHEf M@ (saAf). o1 dv o udfmdzjded™ dzj dt
f ted d34 dzv dzO M 1 CMisteOf sdzv ydqw gL dzz e f ¢ N t5[
tcOL 3j tedz" | OO Ister

a=03, a =107 ¥ /G &y, ¢;=920r % / ¢9 c, =101 ¥ / @9

H =30d3 H, =3d3 k=10°d%, p,(0)=2040°1 G T.(0)=1500K, (2.17)
R=277d8/(s @), £ =2A0°¢ & /), a =10°1 » (¢ ¢ i)

ry=2240°¢ ¢%0=14, / =12) {dg3), /,=0.025! dg3),

GHYTf sC OL Olsjdz2 OHJOBOIsT .

t OfpulzOW tsB dzOfls BN dzO d &zl®j Baf B@s 9dz0 v
fsCOLOdzts, yYlbsts keojddydddd Stdzduyj mMlseiBts
HOo dzj dzd v ) tcjLjtcolzOtGj dzd B tsdzj J 1. 5%
Mstslse jIsfMise j dedets tcOMftej Hjdzj dedWw HOo dzj dad W
6 OL dzd ydg dgls ' dBtods § o34 dad .

20

t Mz COmMytcjHj dzj dzgd] HOo dzj dzd¥ G OL O o Kk
o toj d3j Tdeef 0.001c, 27 t=0.01lc, 31 t=0.03c, 47 t=0.1c, 57 t=0.5¢,
6it=1c
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5
1,8+
/ *
12k 6 N
> ‘ ‘ \

0 6 12 18 24 30

t dMmMiz SOy t&f Hj dzj dzd 4 ( dzslsdesisd e OL O o
otcj d3jided 0.001¢c,2t=0.01¢c,3t=0.03¢c,4t=0.1¢c,5 t=0.5c¢,
61t=1c

ltotsded yoj agtsmls ! tcj Odz' dgf » CGCtkdzlstse B
dMmf sdz L kzj d3rsjin lsiOre jdiy s s 16 ed0djdde dzd 1 dz0C 5, 1 to
f StetSH J sBtOL 28 IsfAww® Istglj & t5f dzr iz 0 | sEdf vedsaf Az jfns f
M sse dztsmls: . 1 jJ Mdsslstew dz0 o MisC k¥  fstgts d
oLddCh OV o9 Bsdijdzls oL ter 90 c0OLO BEHOAdO
osdzdzz MY Olsdw, GHJ] HOodzjdedj duL d3gj dgv jIsfmw
CteOdzedy f dzslsdztsfyls COLO MlsOdetso dlsmw  d3j o
zOyoOdz: dzr 2 B dzj dzlis  ovte dagidaigg. dfsy dets tsBi W
ftedcteOdzd ydg' » 5B dzOMis W =B " Hi@sotedgd dzd Ju J kR jlsdg! A8 ¢

[ Oz ¢ OL O, ftotsh jHhkzy yYjtjL ctOddyr
9" BlcOdzdzats G s d dzls j tto OdzO o toj d3J dzd d3ts ¥ dats
Ctcdo R dZ2j IstcOf j yq2, SeteOded yd dedzr = Holbkzd3
GOLO dzO0 dzdy dzj 2 d ojfthzBdz] =B &zBMEzd y®E B ®f
fsCOL Odzd , Yylsts fted o BteOdzdzr =  OtcOd3j Iste
tcOLctclzL € d, o Isjyjdedj CtsHsslictsTL  Bjlsg ot
MemMlsQoadzw jIs 1/ 5 ls tBh jets otcj dzjded tcOL
Bj Hdzj dzdzr 2 Wddzt steOydtsdede 2 Htetsyj M, §teod
HtS L dzOyd dzd 2, tcOodzr » HOodzj dzd® o s5Ciclzy
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ftesded wOjfuscj H, fGlesd3 yzlsss otj 3 dd, o [k
tcjLjtcozOtO, mMEh iMmlse j dzdets ko j &zd ydoe O Isfw

f sCOL Odzts 9 tcj dgw B Mistets 2 w oL cOL GtelzL
101°- 107 d&Z:

k, % d3 te, C

10”7 0,437

10° 5,211

10° 71,022

100 730,277

s OB dzdljjOtsklsh jIsMisod] ftsddyOj ddsmisd Mmtey
tcOLectlzL Cd tjL jtozOWO

10 [ dimkzdzS J 2. 10 ftcdojH] RO L Oodmdd
9" anHWh j2 9o ObdismW jtokz, s dOyOdz dscts
ftcj HMIsOoadzj dzO L OadMmMddiismis! otcj d3j dad, g te.
9" ntsHdl ©® Obd&tsmi jtekzj didls . dz® 5@ dz'HdAEAES | H C
sO¢ CO¢C o wjLjtolzOt] WdBsekzls dzORHJIs! Mw
LHBWKSo 1 8 dz¢Hj2, O BOCYJ] HAVW tCtokzy O h j2
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100

5 10 : 15 20
p x 10°, [pal

it dMzdzs§ 082 dh di3sMmis! tslsdatsmdilsj dzv dzts?2 EOMMT
HOQOo dzj dzd v ZDtipj L j to

20

25 5 30
p x 107, [pa]

tdmeds§ O3 dhtf BsMis! otej B3 dz2d ©" nBHO G OL (
ZOyOdz! desGts H Qo9 dzj dzd W
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2.2.3. Add steOydw jdgetsf gt @ RO UsT f diztsd dzl
BiAWOLdesd Isjff destse d3j daj

([ Mdzd JsB3Etodgtgte H @20 W OL " Mmbkh | figly digekizl s ¢
Ists H dz¥ls Otc Ofifruls ¢ @4 @&d d L fBHL jB3dese s toj L j to
ZOCts ] gsds s of StedMiss?2 MejH' . { OMdslstdds
qzls jtojf] fejumsOodw jls Mazyo2 ddsj dzhmdoe da
tej Hs2, 2 Calgbwiels dasjls! &j Mists §td ddalsj dafc
o fstedmiss? Mejrj. | 1lsd Moz yph € d
a=10°1 y(@Kd), 6hsod dr §j L ZOYjddv §OLOB, st
tdmzdS ) 2.12 fwdejHj dls o & sdedid Is 5 @ 5 dzjsg
Bsd3d dzls™ o tej d3d dzd .

20p

0 3 6 9 12 15
X, [m]

i Mk dsE O L2 H,jdzjdedj HOodzj dzd® cEOLO o
dazls | &zl o desc s Isj f dzstsB d3j dz® o 1it6-O00KMG, \ dz
27 t=0.01c, 3i t=0.03c, 41 t=0.1c, 5i t=1c

sO¢ d o sfidmOdzdesds o' hj Mmdzzyoy, It
s5Ctoj MisdetsMisd foHL jdBdetsets tjL jokOO. [ s
dqdzls j defdo dese s Isjf destsBdsj dzO HftcdotsuHdls € B
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syjtej H! , sBEzMdzOo dzd 9 O jus dzB § dzjcjOL B Hjdz] dfozss
zO0yodzy ftesyj MMO. ltcd 1 stsdz oatcjdBW o' ats
ftededzdL dlsj dz' dets SHdets d Ists % J .

2.2.4. 10tcsHdWWEZLdsdzdets] § ted B d

1" Mstesy twwOLkzh jddj EZHOtwds?2 otdds ,
M dzOY Jo Oz W djdes f sLoBdzv e Is ftojHY Bdztsy s
HisfMIsOlstsydzets Istsdzls™ 2 fn dzts 2 fsted mists?2 Mt
BOtecsHdWWEZLd. 1 BOwBHdWWEZL qtsdzdztsdy ff ted B C
oJ dzdyddests?2, otL di3gzn j ded Wi 3O dizs Id3dfsts fiiflddtctfidH SHzO oo
ftoesf steyd sdzOdz! dz@ d3d MEC BtesMmisd ; Isj BB j cOIsz1
GOLO o c dzstcdzO dz' dz" - € Emdzse dw A . v OC 5]
tcjLjtcozOO, Is O d3, GHJ ZH OtcdzOW o 5 dzdzO
ddzls j dzgmMdo detsmis: . j nigMe8©®©set W ¥ esdd d3j H dzj dz
otcj BB dzaj &3 ftesBj GO EZHOWds?2 otdzdzr HE Mo ts5

BkHjls SftjHjdvis! [OLOCljtdis] otcj gy
ftoesded yOJ BB ~ jilte joHsSQ A3z M | alzf o d H @ alzxtk |s)dizis i |
o 4 dzd ud dz" , fts MeOodesj ded® M HOodzj dedd &3

) sHMlsOadvw dn 42Mid)s) B GHSDOLY Y k& d
Mestetsmisd J oL Bzh jddwvd §dskdsilsd d H
kteOo dzj dzd 2 :

%+ m“—k , (2.18)
% - a_kmu' (2.19)
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r 0dz4 4, dm¢ dz¢ yde ) &(=2te =1iply) !, difLts dziz(w2d. ¢
HJWWEL ddzdesegts Isdf O HdzW oL d&3zh jdzad2 HO8C

2
o KR P (2.20)
Mt am px
[ Mdzd HftejHY Y dIs! | Yyksts o dz0yoOdz! dg" 2
&S Od datsj oL dBkh jdzdj HOe dzj ded v, st f

cOMmlsEsid dMstsydd SO oL &z jdd2 LO - OKO

2
o

t .
KRy

(2.21)

c

1 O t d Mk dzC § Qa dzj3dz" ff teg ta Bisd € d L Qo dMmd
o j dzd Wddk sls otej d3j dzd ftetslsj COdzdw §tetsyj My
fdis ©OL dzd Yydzts?2 Istsdzh  dz¥ d kis e msdzffd § to s dzd

12 I II v o
10 o o
v a)
O O
g
10 v o
10 - o o
2 -
® ©
10° §
E

10 10° 10" 10° 10°
t, [sec]

t dMizdets§ 08 d MF d3tsfls ‘H?/k fs tizd o b gad3j dzd 1 tiz Ut @]
st dzh d dz 4§ s te;d ifdsEoE Qs Iy dztsterj y d G5O ) o' DmIH W h
5B &ZOMls!' BOLBHWWEL sddkses o]
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[ B d&zOMmisfdzj o0 tls o jtelsdC Od dets?2  dzS Is &
f] o' AGSHWMNGER bbHSAZAZs?2 . Cltsls Mdzzy02 tj Odzd
ftosded y0Oj Bsmisd fijtdnjfHe Qo Of ssO Mtfsk dz$ Is d to dats 2
BOtesHdWW L d sdedztf3®lz  f toc Sfysjfifipigiin dzj i3 Mdzz y O
L 0o dMd dssiis: dsj HAk o f@EQEdwEXd & otcj dij d
Mzj Hizjl dL ftedsdzdy j dzdets? Wistedszdzr (2. 21
HOYJj HAW djetd hses 5 of Msls) k16 Ml
WodzW j s HEMlsOlsydzss? HdzW tOMMjde Odedw &

[Mdesody j tjLbd kOl dMmfjdj HEo

1 OHOYO Wddzr stcOyddjtce B2 O {f ot nis s H dzty s |
fted BBd "sd3 dOYyOdz desadz § jtej f OH 4 H Gazizjyd
okrlsj &3 j cOkztedzce s Isj yj dzdv d jdzk i@ is tgd
WoLr d MmMddz dese s BIYWOL e Isjf dzistsB d3j ¢
Is j i3 j tc O [fdatdsj? INeOL T d ddzlsj dzmdo dzsds Isj § &
Obgtsmi jtelz o dzOYOdgH fste tsdgij HdnjOdzdAf t§ t5 d fkd o3
dzi JLBIsjtedBdyui MEsets Isjyjddw. 1 eBtsda Mdz
PHOtdzZOY o dzdzO MmEkh jMmlsolkzjls dzdh ! 9 dz0y0oc
HOYJd © o MeCtsftesdzd yoOj 3" »  stedmlisr 7 Mmted +

RMMdzj HsSo Odz0 HORZOBd OO dOGE®KZd yo- B d
9T nBHO GMdatso dets?2 dBwBOMMr e OLO dL twjL jto zC
dmisjyjddw c¢cOLO. 1tod BHdsE tjyddj kHOt
Mz yo) EHOttdzOW odzdzO o' sy HBINLIE dadrIsod 5S¢
f stedmiss?2 B d&ZOMIsd. 1 sCOL Odets, yls ts, C @
tcOLGctelzL € BftcjHJdV]lshw ftesyj MmO BO
OdzOzdIsdui Medjy Byjdfd ~OLOCIsjtedetsets otej C

I
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1101 ¢ 3

glcroéorv1oc 10r ¢y od ARF L tdMRRC |
1o0fs1vuff wfawuvorr o 1 J{RBUZ[R d

] G zOo J 3 tcOMMdBzOIstcd o O Ismw L OH OYyo,
ftcj Ho OtedIsj dz! dets f jtoj @3 h Odedz" = cOL B89 M
Mzs?2 stedmlsts?2 Mt HT . 1 4 5B n 5H d 38 g K tzts dac
dzj HeMIsOlssydes?2 dL kzyj dedesfmils' 8 ftesyj Mo,
f SHL j dgdz" - ~ntcOdzd dzd h O~ d hORlOn. ]l 5L G C
fedesHdzy ~, bjnrddudmMSdas ddd ~ddBdud MSdn
WHEBO dIs" n CGOLtso O o PE g jc@®@dd ff totsHZC Is
f sted misr 2 G tclz dzls . ) tsils dzd ydigOL misRdzPRtc O ) ) e
Wddz' stcOyd ts dadats § Isj uJd dzd § ddzd yd d tcts 9 O dzts
O OMisOded § d3 HO9 dzj dzgd W o, ofifsififlr j f tc Qo ( figdp
M stesMmis d ~rOttOSIjtc foksCO cO0LO o
Hd&zO3d ¢ 52 dz20tcOMIsOdzdwY HOodzj dzgdWw o t6j L J t
cstejdzedd cOLO o MmMkzu] M fotedmilsr & Mlisj «
Astetsh tsj i dzis 2 L OH Oyd ts Ctstej dzd cGOL O
slso j B PRI HE e, yYlts §fstedmisoOwv Mmisj d
SetcOded Y deder @3 dzOB stetsd3 tslso j eMmisd 2 .

) tcOB s5ls § Mstetsd Ismw  dztso OW  sSH dats d3j te dzOV
fstedmiss?2 Misj daf figtR s dzioL Eesldshipe @ f e s5C i d dGBO Y C
Cstejdzgdw eOLO o LOCtrIssdz MsmMizuj d € Bdzks
f stedmiskzs fMisj dz€ &z . lted 1 Istsdz Mo wy ! ftotsy
fsMmtcj HMMlseasd3 C¢tcOdzed yYydz' n Eidztse d2, HY tsdaf
Eftotsh j dedets? di3sH j dzd Hdzv ctcOdzd yr tOL H J dzO
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A3. 1. [Olj&OkdyjMsow &sHj d

J tclLJtcolzOtcj 56 s dzts dzd f etsdzd yoj iZs 2
RZOAtSHWh jiesifOL®. dz] sy My etstejddw HO
o sLIcOMSO] Is. ltoJ HY Bdztsy d d3, Ylsts twoOmiftey HJ
LOoadMmdls Issdzr €58 BIs otejd@3dided. vOCB] o HIY
LOHOYd d BftOoHOds Isj d3, Odafjdste Jj dztztc ® o dad
HOo dzj dzgdw fHtesdMmMeatBHdIs GEtStcOLHB BT Mistej j
Ctej dzdw cOLO 9 MmMsmikzH].

ANddzt steOydw GOL O yJ tej L fstcdmisiz® n
sBiOL S Oah jegtsmw fjtjtf OHO HOo9 dzj dzd W ds.
f tesfmils @3z l®we Mo s ByjtejH! BCOLTM 9o 0jls 9o dzd
fdzOdsj dzd o tojL jtcolzOtG] . dydlsojilsmw, Yls ts
HisMisdy § ded¥ § dzORj daj 8 Ystedmbss?2  Mmisj dz d,
dimMmdzj Hise Oded d EHJdzvjlsmw Y dmQddd Yoty i did
f OH J dzad W H OglsdzjWaddd» Isite@ ymy cOL O©. [Isd3j Isd d3,
dygls t Wddz IsteOyd s dzdz[583 61 5 toffj mig{[dzlz ¢ O s M
~nOOCIsjtedzr 2 twOLBjte JtosMistcOdzmlsoa © dBj Y HE
B4 dz' " j Ctaslas] IO 3§ st © d dzOctj o ftstedls
dzj L dzOyd sy @zj dztsdf'L" X sfglf dzf sted misr = Milsj dz
tej OdzdL ¥ sfqw & Mmdzzyo,, d mMdzd ¢ stedmisr 2
Glolzdzlstso .

3.1.1. [sHjd ¥dd lsdouyddnlsoaesa) uj

[ jLiokOLE M (stedhmiss? fMisjdss2 Mo &C
I ' slsO tjLjttokOwO, L GfF sdzdfjrisisc sde 0L §,
dzj § totsdzd Y O j IdYCs te gHiifdAAOdHES 2 5 Bj o) ©OMY et
Cstej dzdv" dzOOMisOjls §jtejfOH HOodzjdedw o,



59

fstedmlss?2 MejH", © tjLEzd O] yYyjcects cOL
Mtsets?2 Witsdids otdzder ewtejdedw. [ tsflsd e dztizis
smis©e h dj mw ) tcj L jtcolzOtc] ftocsHEZCIsT G K
wWddzt steOydsdedesds ftetsyj Mg HEs Isjn f tstc,
McOoadzW jIsMWw ) HOo dzj dzgd j d3 BSCtekzy O h j2 Mt F

t Mz dztsln J33A e8] dzdW e OL O 9 to] LIzl
Mo J et cB8@mOs 2 ftesHizCIsse G tste ]

[BHjd Wdd beoydd c¢OLO yjtejL Mds?
MistesdlsMv O Ghdse | GSHjdd oL Od&sH | 2 Mise
MudlsOls! , Ykt f§stedmlsow Mmlisj dzs OF telgy J Effito]
Sj 5 j OO HiphG sY dds2, 0o ds?2 Isj &Y
otojBBjdef. UBEHO EktOo figjHdeRj WiOdzj tccaftsy datsdzw
Mdmlsj dg -( (.114)0) d tOMM&EOEds Ols!  fMdzj H Iz
f sflsOdaso € j:

L LAY} (3.1)
Mt X
raél—+uuuo -a—u, (3.2)
MX = ux K
rc ;aél—+um-O L N -a(T-T)/a, (3.3)
X+ clt X+ K

p= rRT. (3.4)
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sdfmlsj dlz( 3( 3) 1)dzj sBERtH]ES HEY 6 dddls!
9" AtSH dL fsted Mists?2 milsd dz€ d HOo dzj dzd 4
feshlstcOdnlss | :

p(t, H) = p,. (3.5)

[Oodzjdzdj, §slsdesfls! d MSEstsflk! ¢C
Mtso dgsfights t©j " j ded™ LwOods ded2, GYdgmr o0Oshc
fstedflskzy MisjdSk  cstejddj COLO odizlstd

3.1.2. [BHjd dctstejdedw c0OLO o

sOC Brdzs tslsdgjyjdes wOdajj, ftod s d
ttiLjttolkzOl], fofisddy pgdhY dzj L O d Mdc
ftetsfistcOdefMise j dzdzts?2 S tststeHd dzOls' , SOCt] ¥ J
GOLO o LOSEItdR MtshizHj

ltoj HY sSdztsy d d3, Yls ts W to s dzls f dzOd3j dzd 1

fso jcndzsfmis! , NP HD2 ZEOL ksls ftesHEZCIsSso ¢t
GOLO (Mmd3. 1)t di@azks dzd3j., f dzts s dzts iy Is - d Is
CsBteHddzO , O wodweilsfmw WekdSydwkd ktd
Cstej dedv Isj B jcOlskzte® d  dzsls dztf iglf< sdzOC B

Mo dxd2 MK Md doO WVesdsj §dzodkj dd f{tetsdh
gL d3j dzj dzgdv H Q9 dzj dzd v . LicOo dzj dzgdWw HdzW GOL
(128} 1.30), ®GidmreO0shdn cttjddj cOLO

SHdts®R] cdts? f sMisOdztse € §
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By r)=0 6)

M X

r, cpgé%+ur T, 8:%, (3.7)
¢ X+

p, =rRT. (3.8)

RdzH | C ipsdsBesSL dzOYj dg' o &zd yZzdg' , Blsdesmwh
R MG dzs yOw d13.8)3. 6)j B jcOsktsk, f tsd
HgW W jto] deydto@te ddg dpgd ¥ H v M stesmisj2 MeEste]

u, 1d
Iluxl = pe drir , (3.9)
“;’;2:-; dd'if. (3.10)

Jrfdhjds cteOded ude § Iz o jis's delz@s shgls) dzud
flsj dgsS dzgj ftetsdzd yOj 8O Hd&vY ¢ OL O:

Ul’l‘xzo = Uout(t)’ urZ‘X:_ Ho = 0! (311)

Hiu i MSBesMis! cOLO GStdks §stedhnss? , @) d
)] cteOded yde i3 kMmdasedwdd (3.11), f§sdzydec

1d
Uy :uout(t)' — dF;r X, (3-12)
1d
Urz = - ar dptr (X+ Ho). (3.13)

ltoj HY Sdztsy d d3, Yylsts Wttsdzls ctstej dgdwVv tcOFr
dstc 3O dz! dets?2 uMS EEMB MftcOo jHAdzdo s Misilsdash

dx
d—tf- Uys = Uy, (3.14)
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RdzH J ¢ ffptdsd s dzO y J dz' 9 J dzd Yy Z dz' dzO0 Wtttdzls j
R L LOCtsdzO BOOHAZPdB i3 gigic s de@®dz tsls W tet
i tsdzlz yd ds:

Uit = Urog :(E' 1)Ub- (3.15)

) sdkzOeOw, Yyt Isj&fjcOkbtO Mo jyjcs
f sflstsw dadglzé o j dzd yd dzgz, o sz yOj os:

g g

E-1=E%Ef§g :M%{%gg_ (3.16)
To CPo - To P>

RdzH j CPB R S8 51 AfOUGQEE) ster o ZOYOd dzf 2
T, i OHJOBOLdYjMSOW Isj & jteObkte® cistej dadw
JLo jMmlsds? L S MY @ik Tzsoazds = d dzd 160

] ftjHisdsyjddd, Yt dbstdkod ([@geeons)S s
mMdMmMlsj O HBzY GftejHJdzj dzdd¥Y HOOdzj dzedwWw d
dd3j s odH:

dpr _ g DT (-)iglig 9
-9 .9 , 3.17
dt Ho b0 To pO r Ho outpr ( )
dx, 1 dp DT &p o~
f - (xf +Ho)+—ubo SRt +U,. (3.18)
dt @, dt To Cho=

Clsd kZttOodzj dzdv dME @Az v s zhtedw wBWOMYSC
J Mlis! f s8¢0 WtcudsmIdffeodg)lszdf sigd mMiss2  Mmis § das
fseOmMOdedY  &zOd3j dzgd HOo dzj dzgdj BOSC Md BFOdz' d
ftej CSteOlsddztsf: , HOo dzjjtied Ji d HzeRfs ZOY@HlsGOL OO
sCtkyOsh jo&k fesmistcOdzimiss j .

l B d&OMmIsd Mo j X jdsty d3f Que®@Is fz z®Is dts fiyld'o,dzj
sls otej d3dj dzd d dBd dzw s Isfqpw OHJOB OIdyd MS d:
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,rl:,oa rg | (3.19)
¢Po~+
T =p /Ry (3.20)

] ©BdkOMd ftsHESIs CcEtej ddvy § dsls dzs
otej d3jded d CtsttcH ¢ dzQlés'dzj 1 detislsi dzts figkisse dzte tsdgQ A
LOCBdz0 MishteOdej ded v BZOMMr -

W Mr u)=0. (3.21)
I-It UX( r2 r2)

1 tod dzd B3O W ots o9vdzd B3O Ef s tc sl ls d mh (FH1Q)p dz
ftcj sBtcOLEZj 3 ZtcOodzj dzedy (3.21) € odHLk:

Wep  Ldp 1 dp )W og (3.22)

i g dt ? g dt -

[Bhjgjhjdd EttOodzjdzedw (3.22) fMmdzjHEsEHN

TR 8 ‘%p @ 329
ro,=Féax+HyJE"8 UWE§ ., :
0 S

0 =

GHJ WlkdsC yde A sy dzts  dzO2Is(d dL Zmdzts o
HodY khjdmw Wttsdzlsy ¢ dzOd3j dzd . RL St H] d
Mz HiZj s, yYbts dzO W tctwd@a O fdsiz@iry,jJdsdin Wy difgs oz

ro,=r./E. (3.24)
UBGHOx=xfdted ( 3. 23) MmMdzjHEJIs:

é o J-/gg
Fé(XfJ,HOa_rg u=-ro (3.25)
8 ¢+ p E®
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170y jdzdj (3.25) ftjHisOodvjls dL fl
Yyl i fsdzsy jdedj WietsdalsO f dzOd3jUdzd R Lo tsidfistelzj ¢
WS ydd A o'ljCOjls, bt ftdty ddjt W
Mow L Odgr Mtslsdetsh j dzd j d3:

X (t)= Ho%mg/g' 18"' X (tn)%L((tn))

3.26
g}pr()+ H (;prtL ( )

vbyudlsr e Ov (3.23), jdf 3t @pY)te jHHdiEdRjcaRfGis d
o to j dgy=dzdJ

roxt)= E/(‘to)% a4

¢ Po +

(3.27)

H Et)TSts1 WWdydj dzls tc O fmprad tal3 t=ddsfj wdzlset,,. olads) @iffj jda[j H
f dztsls detsjisls o s GRSy dets s sz ydls’ t©OMYtej HJ
Msfmisswddy dHjOd dsets ¢OLO (3. 8).

Odzj j BftejHjddd $OS dLdjdvslsmw § Ot
cstej dzdY HBMisdcOjls  sxeddylst? ! figksdpzSinizz lo.j
G Oo Of sdzdzw j sfpw  tO9o j dzMliso s

1 d
U, =- _d_lir(“ H,). (3.28)

r

Ve =0d &8d H45 Gy MzJ HEBEO OlsJ dz' dets, ¢ OHJ dzg
sfdir e0jlsmw EZtOo dzj ded § &

= 25 = gout, (3.29)

) Zslsdesfls! fesHEClte ¢t derds)siglss das o
Cstej dzd W 0o dzO
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_ 7y AP (t)g "
l’rz(tq)—E(tq)ééjpo 8 ' (330)

H -9t d&3v ECtsdyOdzdwy ctstej dzd W . v B J cOIskz
cGOL O.

3.1.3. ufdzsedw o0 fojtwrhdsimisd § stedls

ljHfsdsydd, yYst §stdnlsOw MijHO do
COC &0 (dhmkdSj 3.2, bkt jfhlk! fjHils0s &
L GHhsksdfd & §0c0dkd] & d& & § &oflsd d,

cOMMissw ddd kiftstcKimOsdzd yOj iitsmls! fMtej HT .

H
11

{ I el S sk 8O0 §sdhmsses MAsw M fls
GjLjolfBEdmBsow fMj dSo, mMshsswh ow

vtsdzh ddzO o Mmj -~ § dzOMIs hdzn B Hzd zZ8E s & @ Odzd g C
BdyHE f(todmlsts? filsJ dz§ 52 d tjLjttokzOted
ZdqtoddzO B d&OMIsd, ZO Coltstts? ftosdMmMatHd
tcOMMmistsw ded W  d3j 3 HUz>> ) dzO M et de@dzd' § fyls o j dzdzts
f stedmists?2 tndsHi QS d 9 d i dzd 4 GOLO odzzlsted
PtcOo ddgddzdyd H® 3 (8) 1) 1 j tow LO BGhdktseslkz Isj ts
i Jte]j d3j dzdzts 2[104], dztsf O[] d3 Isd BY J tOIskztclz, H O8 d
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COLO o tjhiBbEPilsdlzsh did FOLOSIsjtdm
o dzzlstej dzdzj 2 CGteOdzdyr Gtedmists? Mmisj dzs d:

ru =ar g (3.31)
2 2

uy _u
ZS+CJ}—?E+CQZ (3.32)
g-1
I_é’lp g
Tr (E;%r: .
] sted Mias plg 'Mm! By dts o' OL dIs! YyJtegr Is
B Y HEZ dad &3d:

(3.33)

I-GDO

d

a= .
h+d

(3.34)

) sMCtsdz Sk Mstsls@Bh B v dzf 3.1BEY j ey Ols
fjtejiHdES?2 ©B&OMsd, It wtdd &sckls Bl
Ehizsdadd L o0 hdn ojdduydd’ o0 ctOddyy,
odzlsted Y stedfiss? filsj dS d .

A3. 2. (jLEdlsts®lsr t©OMY

{Ofsy 5 fshistes] dds?2 &Okj Olsdyj MS 52
tcOL desflsdz” d@3 RBj ssHtsds. [cteOdedyj dedj M OcEO
SAf. 1OMyujbbdOw MjikCO 5 fshstOdhssk
9" BtcOdets IsOCdd3 tsBtOL s5d3, yYlstsBr HOdMz dzgj 2h
ftedqosHdds ¢ fMkhjfmse j dedgsdslz Ekdzzyh j dad ¥
ddzs j ctcdteso Odedj B' dzs o of ts @z itas dzo & Mifzj B8 @

%
u=

0

g=P, E=rRb £ CE= Bt (3.35)
Po H H
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1 ZOyj dzd v ©OL Bjedr 2 §OLOR] stetse B dzd
L dzOyj dzd w &3, R OwLOSISjtedyr B3 HdzW ftodtsSH d
wjde' "j, ddet w©OsdF &3 Ibd?dds Ulssdsdipists? :
Mz yOr , 2O tdaf &j €.0LtseH 5] &t Odzd dzd M

a=03,c, =10°r ¥/(S¢ &),u, =1d3/,
H =30d3 H,=3d3 P, =101 G T, =300K, gpT=1700K, (3.36)

R=2778/(s &F), £ =240° ¢ ), U=10" 1 ¥/(dBs ),
0=14, };=2200° ¢ @K

st WWdydj dals i tctsdzd YlOQ Ri3ts mds'de d 8 O dzfig ® M) ye
k=101.108%d%, Yls ts Motslse jIsMisalzjls 4 MmMyuodad S
f4Myuods o3 ¢ telz dzls O ds.

10 1 dmEdze¢ ] 3.3 dLtsBWOY J dzr L Qo d md d3ts
otcjdzjded. stedoer j lsdzdyoOs lsmMwvw Httlze Is Htcl
ftecdo jH] RO LOsadmdddismis: d Hdzv Mz yow ctst
Yyoflsde 3 tej M jdedd &5 , {BOeldRj) dzd 2 v j(dB . &S ' N §
fstedmlssets Mdzsw, Isjd3 Bsdzr hj tjhjdedj Mmlis
[1].
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5iLOCt" Isr 2 MmtshmizH

10 tdmkzdSj 3.4, o LOsdMmdditsmisd tsls s
HOo dzj ded v, f dzslsdesisd o MetstsMmisd Wdd Ists(
k=10°d. 1 0O o' AatsHj fos steEchiste s, z €GB sMls: , F
fOHOslsO dpwL Ctsets Istejdedw d dz & Istsdzit@Hi] Cds
fstedfmlsr 8 COLCOMBE d COLBOBS? MiejHB2.
Wddz steOydd HsMisdeOjlsmw eoBddL d § Stod Gy s:?

Hj2fMlsoakjls COC fmthjdg, oflsOd&SdoOshd?2
cstjddj o ©jLjttokOt] ftojCtOlddsh' , H
@OYddzOjls o' ©Oodedo Ol MW, d MSBEEhs!

odzzlsted Tlsj dz€ d .
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bosddstsds § zOdgj ded -2© j dq i E@PEGY duj oL
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dzj sBatsHddBs HdzZv ftesj CIsdtetso OdzadWY BOdStLOL C
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RLO®J Misdzts, Yls ts tcOMYf tesMmistc Odzj dad J f dzC
fsfjtejyd & HJOijIstetsdg d3j dz' " § SCtedisdyd ¢
LOadMmdls sIs odHO Istsf dzdoe O, Ctsdzyd dzlsteOyd
v OCdd3 B GO s§ 6 N3 oS M ls @ @) dgigdozd
d3d ¢ ets S QAR fdsj dEj @B JZMistets?2 Mise On, GHJ
ftesMC ¢ |, 2] telzf{d3] to, o [78],0z0 tg»E O dld & 6 Hzet © L
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M My J ddJ o3, fsf jtej ydz" 2 tOLBjtc (It
gizj s hjots Ctdgj ydzzs ftotslsw y j dedatsiinisls 5 jio)ai
ftesyd M) wOmMftesmMisteOdzj dzdv § dzOKjjded da d§
fsfjtoj ydgr 2 ¢ fsbtsClkz etes yj2 MmMdsi mMd tOL
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f d&zOdzj dzgd L Oadfmdls Bls wilsdatsh jdzdWw HJOd) Istet
YomEds lsdash j dzd JC O€ st j HojLd@vdjdss H j 2 Mise d
COdzOdzO f toj 5B dzQ H¥DOtG tsdzls ©O tzelzdzts j d dzd BisC 59
Isj f dzsf g icteid® of ed MkzlsmMiseaze s ftod tWOMY tetsml
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ey d ddy d MmMewLOd M odntejor &3 Hodyjdedj
] HOddks?2 twOstlk] ©OMM&BOLtds Ojlsw § &
Mz y®fikzleshisozjls WttsdsOd disj oL OdBsH 2 M)
Cslststets or L 'jaz@pigls' L OHpfEwRC O H s tsdzdad
[ RZOBIC O § ZORj dzd o § zOo dzgs flkzy O h j dsmw
OB EHE) ©LORLEXK] Beazs?2 H §Widsossi2dsds H j dd .
CjLbd sOtsds {2 t©OeB&lsT WwWodwjlsfw 8 dz
Movw L Odgdetse s ) kZdgj dzg' W jdedJ d5 otej d3j ded o) B
COOZO ¢ ¢ fMdzgly s d fzd § &3 s j § dzts sty ldf joms' ts, B 3
f &zOd3j dzd Mt MisjdeC OBd. 1 Ists 34§ otej dBv,
dedestcdtoctso Odzdj 1 WWJjSIse, MmMoawL Odzdzr » M Is,
o fodzdzts? &jtej SfdmMOl! ©OMMEOicds Oj ditsj
I dzOflsswh j2 ©wOel] § tsdzys s lsdo dafis Is
H dzd dz’ d HdOMJ O My jddw d&O f(tej HJ dz
fMky Os h j gw S OdzOdzj . 1 58S OL Odzs, ylsts o teod
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B~ Oded L BO ~dBJUIMEB2 ©]OCydd, (g Bigs



76

shdtseo detsj oded BOdedj o tOBKIS] kZHjdjdts o
sj$B ) desdy s MEL.dzS OB $§ OdzO dzO

vy  fydzj dzdzts j BisHj dzdtetse Oded §  ANSYSE dtdpmtdzts
t OMMdBBOted o OdzOM:! M Md B3] Isted YH2OW { tf tsdnts 1©
stsdz S5 o Htsdzsoddz S ORZOLO fils@.j dd 5 dz@lsiPalz
ZO0 f tc 0o Glsc KB s HVO HEDB dZOMis! ) f so ' 23068k 3
(LOhIstedrntso OdzdzOY 5B dz@iPIs11]. 2O tstfndiAy 2 deSQy d & .
O tesMistcOdzy j sw 5 flstsSk o dzjdzjsy & egdzyfg
CORO®EO M tstetsils! ff ¢cHemStO [cODLAE) dfdisif sy disdzGs
fsmistswdzdets d 0o dzs Ols d3ts fijlé¥ @ Fe dafsigzfzts dz!Ouo lxizjj Isix
fd SEWOL BEgteyJ GO BR Yt MeOo dd Bis M Isj f dzis:
ydMmdzj dedzr § Sy Jjtedd3j dals l BBdzjj ctolkzB'
o BtoOdadz" 2 twOLBjt MjlsSd HMIsOILBYj d HdzW
fjBWYW dzjsBAHd®BE] SCtdduyjfmsets tOLBJJ dzd 2
ftcdotsHddzs BT ¢ Mmikh jmise j dzdz’ d3jlstsle dzd wudte’ @
yd fmdzj dzdzts O §f tetsC fd B tf sHssGrO  fy T fsdets s st tf tslisc

YylssBr tftjHjddls! COCt2 HJO®RjIste Wo dw
B' dzd fttsojHjd ydmdzjdedzr §j Sy Jteddsj dals
f oW ogr A ¢ QdzO &zO R fl HAdO®R) btesd ¢ s
LEMmY § ed[tiplddesfas d ud MC d2 H d CodigLisHidz MHArE 20 <) O Ch
ftod Ct®RdOldts?2 Isj BB jtOlskzte] o OClskEsts et
fs5COLOdzd, yYlsts H&Y L OHOdzdzs G 5 W f) tsdipls © © @O @
9 J oD dy3 Is tatfey EBIDFHs € OpGd&gsdf 3. t dMmizd
I tBgd dhftsd Ltse Odtsfh:! L doyj ddgj y & &1 %WDOd
flsj 26 O Bda =A00 dfedkp) dzO Milsj dzC OF L OH Oo Odzd fy:
HOdz! defi8Bdf ded dsOdz! dzts§ L dzOuJ dzff)d iz o GYdaisddgdais O
tcOo dB gz Ylsts tOodzts Stodlsduj S t5d3 HHj oftEsdd julst
e OMUd 4 ddteddxfiz].Is te © d&3d



77

L[K]

LT T T
300 489 678 867 1056 1244 1433 1622 1811 2000
L
. 3.1 mm
i (a)
L3mm

)
t dmMzdzmCj iflstRor | L OHOYd ftosatyHjddWw 1§ d
Hd OdJ (s @sdighf (b) 3B

Ad. 3. [ jLEdlsts®lsr ©OMY

[ &z Ofipus o ®T™ dzdc Odzr § OdzOdzr dps Rusddef dA0 Bz O
L = 50 digdz ti@Mmy f sC OL Odzd, Ylsts f dzOdzw dB3ts
B ded BOdz! dzf d3 drcp Rl ts de ts H3dzd dzj L =R sz gpdsdsiin Iz Is f Is
Wddzt std@yaf.d 1| bt 3§ otjdiv, §dzOBW L OlskzA
Hdzd dzj Mizx50dEfly lsmizlsMlisedd Wddz sls®Oyd Glskz
f dzOd3j ded et MO SHPHs?2 kL ¢ &2 0 yOmds ddzd@ Odz
tcOMMmis stz dml ¢ Hilsstctsdzlz  H o d y jIdffdd sty ey GG O
HOdzdzr Rjlsts®mMYtej HMMIsOodzj dz dzO t dMmMkdeSj 4. 3
otej d3J dad .



78

T, [K]

300 489 678 867 1056 1244 1433 1622 1811 2000

Y
| — ——— 2.
[ [ —_—
: e — | = |
[ ][ ]

| T |
s | |

t d Mz dzSCte W Bz Isj &3 j 6Oz’ o f sfdzjeH 5o C
slsmizlsmise dd (d=d)dz'das@izIDcpd] dzdzapL =30EREY (
(b) L =50 o33

1 wOMmmdts s tcf) dzdzy OF &O d3if ts ) dzg ddzd yddteso (
st dz' f OdestsB te OL dglzs W istedslz, yls s[11H. d tifiag dats. O
dzj dzz oz o z ¢ ) f) Eewdsts fig s C @2 &iPds, © fsdzOBR SR sH d s )
MH dzd dets=250 dzdgf HJ O3y stesds d3j dzt hj Ctedisdyj M¢E
COdzOdD di3j o) L dgpdgs bzdztf Ov e EGBHsR sH GUEE
f ZOBY ftetsh dzts .} jtaafj L Isiplaly jodzd B L C % 35 tc dg® fy I dzC
34 dets fipls ¥ dz' O dzts =E@COls a2 s} to d 3 tf dAOERY Halts § 5
t d iz ds® jpzv 4 mdzis ¢as-@ d3ds = 30 d3 g |1 =101 o&.

T [K]
(L[ [ T

300 489 678 867 1056 1244 1433 1622 1811 2000

| e ——
| Al

{ Mk deSE s § ZOd3j ded HEB d §tshdzj §EBE Y H
cd=2d3dd = 30 d3cfgf | =10f &




79

1 Codmd Bl Oz dzgs?2 MCsemhsded desks@
MY shtfeedsts sHdIs! My Jjddd, d &d dedldfdd Odz Oddz
tdfkzdzCj 4.5. 10" bktcdrtcoOdeder j B &OMIs(
LOEROded™ § dzOdsj ded o Tk j dedd § OdzO dzO.

o L=30mm

__ 05 r
§ . \\
E )
—~ 03 ..
2 (ol
0 o\\\‘
3 e 7
0 15 Z . |
d, [mm]

t diz deektsBAsdatsh j dzd§ B4 3 HEZ B ded G3Q@dp dz' o3
BOSC Md B3Odz' d" i3 OB Mtsdz® Is dzf BIstyflzOY Jedzd § Bisfy Gt
fif s dzgs ftesaBHdIsY yYJjtejL My

t O IsOC Y jsC OL Odzd , Yylsts MmMkh jMmlseakzjls o
LdzOyj dzdv gh¢ st€bsfplisdcsets f d&zZOd3w L Olskzn O Is.
M¢ cofislvifFx@dw L di3j dzv jIs Mmeotss Wstedsz d M
Md BB sted d. 1 Olskz~oCidaddj Bsfi3lzO d3jodzdL, o Ofdss  t Ol
fdteilzdudtelzs M j 2 d fiplstaif asdzjy deds@iafftezO d3j Ws{ts W o dz,
OOz dqydzts L Oslzr Odeds tOMlsw y § dzdets ¢ 1) ozlf zO
Ho lzrn jdzdzOtEz o Mistej Yydg'[1A4].f SlIssC Or 0L O

1 Od3§ Isd o, Ybsts ojdduddazd SCttdlsdy mstset
Slsdzd yoOls! mw s daz@wj defdzv, i defsihgiehc ~oz)jfiamtaofiols W
CtcdodL dzr WttsdzlsO § &zOdB dzd © ddHdtekzs h j 2
d mimdzj H&ouddpdsidzs isd, ddzisj e Mdzs o' W Mdad Is
ftosyd MM. vOSCdd BBtOL 5d3, bfigkrh jLifplsieOagdis 2¢ t
M stesmis! g df sdE@EOBEOd d'd? # § O BB dzj



80

fesatsHdls! My J ddsiS. OLO@Hayd dgisys) IsH JBO dig 'ls e &z
B dz' "j Stedisdud,ms udHdy dEEgisteOdy § dashi sc

10 tdimkdt ] 406dHegHGEENHBdE RBOS d B3Od dats 2
o ddudekzeh j2 bySj Gl CtteHddzOlIsT Wt ts
L 2Oy g ded 2 &3d dzd 30 dz= Bagdgt dzezd O dighdB dg@ dzO B Bt
MosBtsHME ftotsaBBHJIS! YJtediL COdzOd =92 d3zls fi
tcOMf tetsMistcOdzgj dzgdj § dzOd3j dzd o L dBtsy dets  Is s dz
lol = 10M Md3Od3j Is d &3 fs i dzjsHsdzjodzid Mty @ gz’ dzOW s
f zOBifgdH s My jddv &jd "j Iji3fjteObizt’
s OS¢y J d WBttd3dO® WttddsO § dzOd3d dzd  d Lfrds)Oddef
o swlRRls d3] dzj ded j W stedzr W tcts dflsi Qe j foizR@EKRP deds O
ofmMdzj HMmMlsoadj +WWJjCIlsO dLBQtd"CHSE] ddy des B d dg.d W ¥
MotsBBHME OMY tcsMmistc ©dwAszGi = AydgdesijLL  odiLfips]
Wited3r Wtotsdzls O.

2400

| % d=2mm
2300 (& g, (b)

kX xR i
2200 - \ i
~ 1*
3 H C 1)
% 2100 - L5 ]
3 2)” ™ g
| 2 o

S 4 3 2 2 3 4 5

x, [em] '

{ dMk 258 @9 G i JdigEBiilsd O dz! dets2 Isj BB J cOlskztsr
ssySj Gl CttteHddOlsr dJHdelzsh j2 Issys
O yde bHodky L dzOud dzd 2 d3d dzdddBO &' sk H O dg e
€ Olge0d10ids Mmttlse j(His s BEGdbctds O § dzO &) da
LS OLOdd: 7 B d&Ofsw A



81

RL S d&OMMduj MSs?2 &sHj dd toOmf st Odsj
bgjde P jdzdj o5 HAOB]stcO COdZOkO Isj,d3f j tf @ls
ftesatsyHjddd Mizyjddw «K&ddddmIdsecdsdys ' s jedtin
f ZOBjHdedy HzsMisd ¢ Ols! v o MOBE2 kLSs2 YO
f5C0L 00 MStsMs! ©OMYtshlistOds daf 3f,daB
L=30kd3g =0 [IsC kv cdglsts Mkh jidiB sz & OV  Qffi] d
ROf 0o dzj ded ¢ 1 ez sy tikatie i g Is j dz' dals = D, this B to (
Mstslse jlsMisobkjls B d&OMisd M d&dddBOd dzF &
Weodzjdad®¥ B dzts [P CHssts o VOB jILIS) od ddgOw ep @iz j2 oz
Mow L Odz M LOHjtYCts2 o dLdBjdejdedd Isj ff dzts
L WY ClsT tsBHi Owfisdzj dzd P jdEdREG S i) ff EAPEHdES S H (IS
X j ddv HJOB] stetsdg &Bgj dz' " j Ctedlsdud MEsets.

0.3

0.25¢

e
o

dx/dt, [m/sec]

e
—_—

0.05" 1
2005 003 001 0 001 003 005
X, [m]

{ dMEz desks Blic s o f &£OdgPdey M dif OB Q gFRIsFAR=R

[Mdzsodsr j tjLbkd OIS dMMdjHse

I ©O&S 0%  Ho b dusdisRe s s @ dzg ded v 2O d3o
9" § sdzdzjpdzud MdzdIsJ dz' dzg" § f &MYy 56 & RH giz] ded ©
tOMY etsMis tc Odzj dzd ¥3d § tz® &iPdaPnalizirsdy dad Jfde d Mizls



82

MY ks dzts ¢ = Off tistgisR@dsts HE MdgE HtH j dzr e OL to BestEds
¢ dzts B O & gy A JfjSOEN s dzz uj dF HOdzdz j] & L Oo
HdOdd ste® My d ddy s [fistzisthfisle o] ¢ iy ts G, -~
sk j dzyOls' = S OdZOkOR, §LotdY ' jf dO g
i3 dzd d3Odz! dz" i3 HJOdJ tetsds diBjde' M j Ctedlisdyd fi
Ctscm@d dzO L Dky ferpizs] o odzjnCasjlde oty Gig dzO@. 1
Mazz yod , f cd Oxoj" it istf MY 15 dzts & § ) A dsHsdsls ©
f zOd3g figded H B Y FRAOMISW ¥ J 262 OL Odets, Ylsts i3d
ftcd Stltosd oL sy dets HtetsnatsyHjdedj 1 dzOa
Yomls dzts fijlsefs, fudssisy of | dgletsiplisdlsd W @ st Oy dz@
By jls Brls: fkh jMmlse jdzdats Bjdzr hj L dzOyJ dad v
Hzw fdsMS et COROWD] Cls) 6§ @i ©dae & ¢ di
B' dz ff toj Wil Of@de O5 h j aiOm ws MUadzQ dzGs F izl ) 4 te
sjf esessD j dzdsg j s g Msfisdzz YO ¢ B a3t Hflc tzdz® dzd
bulst & Quets Htots H d de@a Wi i rg



83

1101 ¢ 5

R1UOS RSO T RAAVIBETIT LI LU
troves YRl T[T ex 1R B v 0L U
[rRetL{so10f 1

J G dzOo9 j 5 dihimdzi HEzj v ceBtey dzd 4 G OL
Isj &3 j e Ols z 8021150 Is juddLCOw CtsdW JekzteOyYydw or +
M smMtsBr HdW Btsdzjj HJjlOdz deséts dL Ezyj dedw
HddOBdSd. CCMmY | ted d3jddss Odallsis o " {ddists df ST d2lz
shdsodzr = t6J Y OHO pEEGj ddMsCdrs MEsStesMmis
MlsOBddz dzf 2 i dd3 destedzOdz! dese s S stcj dzgd W,
tcOMYf ctsMistcOdzw ¥ 1} dotgfthgw € tff &O Bj~dedivde - 5 BndzAstdctsyin
fls OB d dz' dg" 2 tcjydd3 MdzOBtsets ctstej dedW, n O
f zOd3d dzd. 1 MkzkyoOj MtejHddr MEBtetsMmisj 2 o
fdazOdd dzd M §jtej d3j dede" i3 § 56 OMOded § &3 FRBb 51
(Flame with Repetitive Extinction and Ignition) tcjJddd Issdz ey ydd
dqddyddtekzjlsmMw o etstewyj?2 yomisd ¢ O0dzOdzO,
G OMdzad Is dzO nSdzSH dzsd3  -LOB dzylg 4 f &S ds@sdr Qs -
EmMlss2 ydotsmisd/ dzgj Mmiss?2 yhazsfls i dzf dz@ ds jteqecfizd W
fcslstsCsottdy toj OCIstste] Matd G@ dzQLN J DY df dztf 5 C €
slsdzj yj dz@ BB dzOMIsd MisOBddzt detse s G tstej ded v .



84

dzts tc d3O dz/

sB dZOMIs !
dzj & Mls s2dy
FREI t,

fizO B § 2O KW

X

{ A58 . 1 Oodmddissils! CostoHddOls sy
LOHOdzdzse s oW ddy Isj i jcOlkte fMlsj dzs¢
qded j 2 Gldj yjd Bd&OMisd kfks2y

| ueitddjddj ¢ {lsdd tjydBod o
CGtcOHd j dzlstsdzdsB G thlds | flz8 O8 dzv Is! Mw  dzj Mists2 ydoe
fzdz MOydtsdedz” j s ezl  sdakgisz mMlss?2 ydoe smisd
fswodzjdedd MmMot2fmise jdedets?2  dzOd3j ded daj ZMlst
HOdz' dzj 2h j2 t©OLtOBBIsCd BJCtetsectcg @sS O 1
Hdzw B jfMf jydddw BjLtfOMdshmisd d o {tor
dmf sdz' L s9 Odzd ( . stsdzj BOdzdw Isj 3 J tcOIlskzter
ftedeo jMmisd € dsCOd desdge f jtejcoctejolkz € Odgj t
s ¢ Odz! dzts A3z, Is @ dizlef f Ble g @3fednds § dzO A3 dzd .
f zZOd3j ded dBsckzls ftedo jMmisd ¢ WwodzjdedwWw s orf
f dzOd3J dad .

J H O dzdzts 2 ¢ dzOo j o dzd dz3O dzd 4 MsMtej HBIs S
HOWWEL GGddaser & dzj EMss2 ydotsmisj2 o &BdS tol
o SHtdSHHEZN dzr 7 M3 Mj 2 dzO GMmdesea | dBsH| d&z
t Odgi J Mdzzy0O2 BasSELOHSE 'Rdzr S HEDEER @ f s is O dats -
dmMmdzj H s59 Odz.



85

A5. 1. [Olj&OkdyjMSow &sHjd d ud
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