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ABSTRACT
Didur V.V. Mechanical and technological bases of deep processing of
castor seedsn the conditions of small tomage enterprise
Dissertation for obtaining the Scientific Degree of Doctor of Technica
Sciences i n the specialty 050511 (ol
agricultural production (X8 i Mechanical engineering)i Tavria State

Agrotechnological Univeity, Melitopol, 2@1.

During the studyof technological processes castor seegrocessingthree main
processesvere takeras a basis, namelythe processof wet-heattreatmentof gritted
seedsthe processof oil extractionfrom the pulp in screw presss andthe processof

cleaningof pressed oil.



4

Among the factors that previously were not taken into account when studying t
process of weheat treatment of gritted seeds, the most significant are: the energy
binding the moisture to the skeleton ofttgd seeds and the influence of hydrodynamics
of the movement of gritted seeds in the roaster under the influence of a vane turf
located at the bottom of each vat.

Distinctive featuresf the processof pressingvegetable oilsn a screw press,
whichdistinguished# from the phenomena thareconsideredn theclassicatheoriesof
filtration andmigration,is acontinuous decreage the porosityof the material.

When studying the process of extracting oil by pressing in screw presses,
following hypothesis is accepted: the process of extracting oil in screw presses car
described by general processes of movement of the pulp, like the movement
polymer in the channels of worm machines, the movement of oil using the theory
filtering currentsin soils taking into account special features of the pulp, oil anc
conditions in the pressing cage chamber of the screw press.

The process of cleaning press oil from mechanical particles and phospholipids
presented as the process of electroflotatioprematurely hydrated oil. The working
hypotheses of the above processes are as follows: the water bubbles which are present
volume of oil under the action of an electric field begin to move in between the electri
space while their temperaturetieases. In this case, a drop of water turns into a gas bubt
and moves to the surface, adsorbing phospholipids and mechanical impurities on it.

These hypotheses were confirmed by numerous studies of mathemati
models and experimental studies of thdgqras of influence of technological regimes
and design parameters of equipment on the oil yield and its quality. Confirmation
the hypotheses put forward was tested experimentally with the help of specie
designed and manufactureduipment.

For expenmmental studies of the process of cleaning the pressed oil, a laboratc
complex including a hydrator and an electric flotation unit has been developed. W
the help of this complex, the adequacy of the mathematical model of the dynamics
the movement ofaporair particles under the action of an electric field was testec

and a method was developed for calculating the technological regimes and de:



parameters of the installation for cleaning presskd

Thus, as a result of the implementation of thecaéand experimental studies,
initial requirements have been obtair

developed for the design of a technological line, and separate equipment
castor processing in the ligtdnnage enterprise.

Enterprises wh the capacity of 30 tons per day of feedstock per year wil
process 9000 tons of castor seeds and will produce 4624 tons of technical castor
2626 tons of castor fodder high protein meal and 700 tons of husk, which will be us
as dry naturdriendly fuel for the production of higpressure process steam. The net

annual profit of such an enterprise will be about 22.6 million UAH.

Key words: low-tonnage enterprisgyitted seeds, pulp, wéeat treatment, heat
and mass transfer, convective, conductivieeating, binding energy, consolidation,

filtration, electrical flotationheatbalancematerialbalancescrew presexpellerpress.
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L-Hso )y ddzO® L j ' todesets yddz' dgphtelz (@ d3) o H

P. =P =Pe®, dz/?, (1.21)

] jdzd ye,dzO" 5 o AtsHdIs' 0O & tedzjotstayizdavdzd ds o
¢ sd3, H' ¥ yd dz0 odlstsS hdzj Clz:

P=P

H

g, dal?, (1.22)

P

 =REY, dal?, (1.23)

1 G odpvRME $dH b, thsf SHOLDE sfej ke
Htso ) d dzg' Ly " tdese s yddz' dzHte® o9 Oy O° Is!
CeLE@AY ksdmS' o ¥26)i @ 23 dawy C@ O BLEH
Bdzdyyj BEHEIS! L dzO0yJ dzdzv 9 j dzd yd dz, h ts
Emj tgjdeddd " = L dz2Oyj dz@ s HB9yddz yddz' dzH

IsCsod? JEgGEdMisso ks yd 16) b d20dede” o
L Ofidgs s’ BCcotsets IsdMSk o' H jWjiCldoe d
Yyqdz' dzghntc© s 2tsets Htsoy ddzg d3tsy dz@l8F:tcj H Mk

P

Xz

= Re” da/® (1.24)
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) sodzd? BBCBod?2 IsdmS dO[ISHET ARSI L j‘ to

Q.=P, H, da/’ (1.25)
Q.= Re“ H, dz/’. (1.26)

) sodzd?2 G dlsdd? sids dzdies j fidkls ©dgiy . Is d
(ftej ks yk) cwOd odlkCO §toj f)Odspls tda®dzOc
J 4¢ Isd o {2BOC1ET:

Q=H ¥, (1.27)

1 " HMlsOo dzw s yd L dzO1jodpdzy ' L L Iot2alajmizdmtizizg |
(1. 27), tEBE0O" &Bs:

— é,VLie g L 2 1.2
Qg/'gm‘*qgﬁé,dﬂ (1.28)
) tc ' o div dz&zy 6df dzdoe O° , hts L Odzj ydzg' M

H' OWtcOc kd ZOYDj lsofmw o j dzdyddets totsL Stedlsl
L B! " j dzdgv o3 sd MS iz ftcj Mizo Odadzw dzj dz' oz
f Hlso jtoHykz' ' My HwOCIdydst woelsts .

) I 1l dzsBtstetsH 59, OdzOdz'1lL 28 yd 9z0b g
Hist 5o dzgj dzdzP, = Pes“AsC@®,, % £Pe “ ( § tzefO, B =P i H d ¢1.20)"
(114 ) ) , L sted CZlsdzd ¢ © tisL ¢ &ZzOH Odzdzy  1®d !

odL dZOYO' Is! v o dOIski dsdkE o dc dv '

R=JP 2 P&l % (1.29)
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1 OcOdz dzd?2 kdmS dz0@ odlstsC " dAPT O §ted

Q=grgk\’i W aPe? 1 3, (1.30)
ek(1+ & g
| el [183] flsejtHyksls:, e o

sdMS k. 5@ ‘GdzO. &3j R Odz' Ct5% HdMmy jtofded -
6" H d dzlz dAQfisodd “diig)' 2 Is te O dz! ded a3 Is d ) Osls3. Mo ddnf §
B L dz@o Osjldvij Clsdoded s sdmS sds. [ HA&OS € t5dzg
jdzj i3j dzs Otedzes sz " Ote BiLed dydHits s RO
(dzj 2tcOdz dzgd?2) IkdMms o wd ', we¢d2 Mmbkot
BiLek. 1 Ijtt' ¢ ESEBSd H§ Y o tick]ddipe
sdMSk, wWC' GHddsYOmMds H's k! dO ' df,
L SH' EHYEdE s BsEj sk yOfmk IsdmSk o
L OgligOi s jstc' ' Swodmsd HOY' ' . v ftsyjmn
Bsyj LA dz¥F 9 Olsdmw L O o dzd yag@asd . 1 3° dslzj t
My d ded 5 , gty HigoWh dz' sEORY " o tc & BE&OR O
Ld3gj dgh j dedgv §f stedMistsmis® Ol o' Odzlz .

100 '8 %' & kgOy' ' td' ' odL dOyOs Is!
ftoj ko Odedz &jLed ' W' dz bgOy' = o ' 1
CoduAscts o0&k ¢MmSjdjlke &jL@YS G Sipdzd |
faws’ t© Hdded. Jsyjm W' od koY 'j yHakmls
[ Oty tcMj o Odets o O.

123, 1 0Ctdsd wdshls' fsyjnm' o BB C
wlskf ' dz@ Misdmdaj dedg" &wjLcd o cCoddastso
glskzq ' dz fils oj fiy dzjodzdiwdizts " if s yOlCtsotséts s
C' daxjso sB' ‘' KBz, Lbzdsodzj desets fjodedds Isd
ftojf' LdzOSBHdl! MW & o o descBlz ©BO' o ¢
flso st ' Is' MW IkdMS dO &jLck.
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slssModists coddadstsosets f tefyke d ile b §daidas
o ' Wdpdzdzy o' & desets B KB sfjtejHdy BSEB

rdzw ftejm" 9 Al Y A s tdde @z 9 O G4B O BidE)a f H ¢
v OB dztfIyw
glsizf " dz@ MmMlsdmdsj dzdgf1894kz G tej M o
vdf 1 di3J e 9adIsC O s ‘Yz o
fwd] 1] 2 3 4 5 6 7 8 | 9 | elslzdz
Al 1 126 | 1,70 | 3,90| 5,40 | 6,48 | 8,04 | 10,8 | - 13
[ K| 1 |-1,26/-1,25/ 2,24 3,27| 5,01 7,10| 11,3| 9,6

MOtcOSCIsjte L& dzd o' dz' desets tBO' dBz o (
nOtcOCIsjtedL z° ftcOo ddz’ dz' Mls! 2t t€'saznb
L] todztets BOtOBOdZO, IstsBlsts mnOOCIsjtcdL &
L ed, Mot dzO N dzgj Ssds, ~OOCISjtedL z°

c¢hs Hdzw ftejMm @ ' Lddr Idf & L' Mmls
o' HeOLEZ odwoe dlsiomve steleflsdedz ™y, "W  IsOC o
zO2 CtcOh s CtdamMlstczC Yy ‘¥ coddzlstsoatsets 9 O
BH | dzgO@2B " dz' h f dzOo dzts® .

[jLGO, hts,d@HAssHAdOE €' dzr €' Mmis! 3" N
M¢ stetsy  dadzw L so dz' hde s’  tfotdodgdie = dz'B Iz Idgfj

& CoOH . vk syjodHds, "t HEY flse sty
oUdilf2 BBMWE o9dkCO foaddzg dz to' L S5 L d3j dz
sBO6  d3 §wsoddsj dz L 3" dz 9 Olsd mw d3d dzh ' odzls

& PhlsCsodn fkmlsslks odlklte' hdw §tojten dv
COf ' dvjste wPpsddd, ©B' ‘& WCE' o' HdsMC

I dh joCOLOddds o teSkoOddzvds B' dz' b 1t
sBO' Bz odlsS' o codddssotets o0Odkk fioj MO

1 B dz0 o' dz' dzs et ' GIBOS il Casch izt s W W o
sz &'y o' d dedd B ' Bsd oadkCO ' 2
pOdklz fsodddzd Bklsd Y &Std §jodkd LOSCHE
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o fifgtso dzj d&z2O0 Hdzv Htej MO Al [ 189] , wed?
Codgssotsets 9 OdzO, Bk odedzwH' tc' o dgW dzdz" :

vV = 7,78

co 11457
Ny

(1.31)

HMNoio' a2 dzd?2 ©®BO' 8 9dIsC O;
n-fstcWHSCsod?2 dtsdzjtc adIsC O dzO Goddzlsts
[bed BORO L Odjy de Mis'd, HHSS Bz’ o tHUSE C
ZO coddastsotsdBsz 9 Odzz Hdzw flso stej dadz? f j o
Csydesets adlsC O dzZ0O coddzlsso sz o Odzlz.
glskzf " dz Misd Mdzj dzdzv 34 L ¢ d, hts lted
ff sets o0dkCO dzO o' o dzd?2 WEEGjdJdEshls O dedz

hgfsoad?2 90dz [HAdOS yw Mmbskzf' d dgj * M
sMlsOdzdz' sets odk§O ftej HS sdzz M dz® € Ok
L d3j dzhfip” Is st &3 Issets, " Mdzv ftoj HC t5dzkz iydat
s ¢ dzwed dzf§lstezC Yyt 0, wWCd2 flsotstes f tots

Misd Mdaj dedzy B L 6 d.

[lsyj, bitstwjlsdydz Miskzy  def, iy dao dzjz dede
Msizy " da@ Misdmda) dedz? d3j L cd, enlsd stdzdasq dalzk
G " y' ‘dals, o jdzduyddz® wCseEt L Odjydls: o
rdzv eodL dzOyj dzgdzy ftcOCIsdydetse s Mmlskzf j dgv f
Cdzy jt®'jo dgW dzdz? [ 190]

& ©=097¢ - (218- 1160)), (1.32)

Hi 5§ B IsdydzQizdayls dfj’ Lag' d fipls difffaigim

& = 102¢

i s (1.33)
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U ifmMkd" do@ Mmlsdmdsj dzdz?, h 5 Mlso stej dzO h
d-hdteddz® odno  Hdzets® h ' dzdded ( BB), fHted

{ SLYBH' dz IsdMS b swisH b OxyzEe o d dzls s

1 B 20 Isittjlsdydksets Mmiskf jdv flsdmdz
Bizts tesL cdzv dzzlss tOdz' M j. [ HdZOC yjtejL da
Miskzd ' dz@ Mmlsdmdzj dede?y dzO@ odlk$SOR BERZH] ' o
fiyls v fils d fdzj dzdz” © Bikise dz20z® & EBYBI L SOC

vjttejlsdyudz® Mz dz@ flsdmdzj dedey Bj L @
Wtz dzls 38), O fLOCIsdyde® L @32 i3 ' tod ydas s

vO¢ w¢ MfwOoaydw ' Isjstejlsdudz® fMlsizq "
MisOdetso dliIs! 1 .,dg"Istyd8 " wdgtefjjdie’ o fyls d ey joagls
oL 2Oy O Is! fqw , wC:

e 1
V= h y (134)

f t
¢ dz'° H L G OH OIs(, hts 1OCJ My o9 ' Hdztsh

fls gy i3 Milsd mdaj dedg® BEH | oz®H ' oy f.Es e
sltcd BO* &S :

el=1+>2—= (1.35)

Hied's @ ftOClsdyd® ' Isjtstejlsduydz® fMmlskzy "
V- 9" Hdatsh jdadg? Isjtstejlsdydes’ HBs fteOCIsd
Codzefm ftejMO ftod tesBy 2 "ddd od

vV Wittty i tdhw htodgdFPS s, s dai ¢ J
sdMS &0 € tsdzkz i'dz ks s w EAOWG ldatizw B
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i SLcOREdSdM #f s§B Iz @ tzdz fMilsd Mdej dedzy o
fteiMO Al 5 o dzr dzsisz tsBO ' Bz o dIsC ' o
il * dz Misdmdzy degdzv BjLcecd dO odlstOn {t
L3 dg¥ " Is:qw o' W 1,42 HB 8, 9; fted D dto
h*  dzdded 12 d3d3 ©¢ " H 1 HtS 5, 29.

1 0 Wistedilz®&B Y By 20 odL dzOydlilsd H' 2 M
Cwpdes iz o dlsCkz, ', BGlyj, d&sydO L dO2Ilsd I
Yy! sets My 99" Hdzsh j dedagv Zsy dzO o MisOdatso d &
finlstetss dal detdadfftC £ 5 Htsoy ddz' coddelstsot

1 0 ®dd. dOeo jHjdts Jtod S &zOH ttsL f sH ' d
o 0dzO. vizls o dHdzts, hts ftoed §jtojnmtSH' d3 4
Coduascts o90kzO f dzOoadets LtetsMlsO’ |, ‘ IsO¢
ftocjHCsdBRHEE]) . v ftojHSCBdEMd 2 COdkj tc°
hts BEHJ] LOdzjYOIsd o' H ftsdzsyjddzv tcj ¢z dz¥

lted Ld3j dgh jdedz' hdtedded on ' Hdes™ M dzd o

L0, o k2 yoOm w¢ IsdMS dzO tsfls Odzdz
sOC|] ff 99  Hdgsh jdzdzy kdMmC' & y' &€ 5
oddzd SO 20 Stdkzfy', KO' @O GMlsOddz 2 o

f dzOMmisd ydzed &3 Is' dzts o, sz cGteOH' * dgls Isd ¢
Hsoy ddz (it HS Sdziz fggieszh 2¢ Bz d 8 el s Isis 6
fHH Q9 Olsdmw MisOdzedz" 2 o9 dIsts¢, sts o tsdzts B
dzfe d odlsC O, wWCO BEHJ fjtejh CBHY O t
Coddzssotsegts 9 0OdzO. 1 dStsdzOdz tetsL tcOR zdzC

N

Mexa 2
il

A NAAES
{dh 22,660 L dzd sdMSlk fts [@5ey dde ¢
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124 ddzd, wW¢' H"'BIs! 9o ttsLEBtodzzlstsdizlz ¢
] twtseBls’ [194] ftttseo jHjdts OdzOdz L 1§t
9dkCO coddzssottsets 90dzO. 1 Qo jHJ] O dj Ists
BOs Is! QP& dzl SEBRBO o dlsC OB, dz2O o 0O0dzd L °
ftcd?2 d3dOdz' dzgd?2 odlbtsC. 1 y!' sz oadf OHCEZ dzj
BOh dded dz20 H' dzwdzeSd i ¥ odlSOdBBd N dzj €O
o' Hftso ' Hdets HEts dgQo JHJjdes™ dedyujy d3JIstsH G
10 ©H3n ftojHMSOodzj dzO Mrj BO G oddzlsts
o dIlsC Odzd . MmMsyo© o coddsstsodrs ftoj MOR o
odls¢d, t'odgwdedzw, hts ssfdmksls! sy M
Wsteds", WCO LOMstsMise 2z -Ws® s y difipdz'h dzaj @- BH
rdzv sfdmk ttkrk BjLecd o toBBYt®@lz ¢ 0dzOC
3 sBH Lo jtodz] detsets tokzrnkz. [yjodHdes, hHis
sBjtelsO@' Is: mMw hdzj Ctsod?2 o0dz ofMmjtej HJdZ
5B J GlIE'OMW dzOo Ctsdzs dzj cersBBGEts Go ddalstso 56

e
 AORERENRNNR N ENRENENNNNNSRRNNANNY
L2
A

A

AT A AR AR AN

.-—i-—- .b*—’a"‘ Z .

{dB3. unjdkO cod@Msotsct ftoj MO

1 Yyt ftedudded B ez i3t w0tz | s
hdzgj Stsod?2 90dz dgjtezrtsdsdds [ 195, 196] . | 1L
dzj bz R sBts’  MdMlsj B3R Xiststym, d dzO Is'dzlf R ts FBIEO o
tedfp. o) 2z ' ‘ dissos OdO kZLHtsey M coldds
i ZLHBO Y s Coddzssatsets 9 OdzO. 1 ted 1
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dzj MS ' deyj dedatets , § PS8 6D O s' MY dZOH GBS
fjteff j dzn d S & czvliclElpy gty cizts sy

[Stolzy g0 " LdsHel ety dz0@ tetsL ¢ dzOMisd  d
fjtetf j dzid Sz dzw teday, sOKGBYI BdaH dlsd ' Hdzs M tow
o jtejS COdOdkE yjto' WCO.

Ocb sunika

t dfl4 { sSLetISSO coddidstsotsets §OdzOdzz
[196,254: 17 fls' dz§€ O & @deQ delts;iclSZ O fashly W@ dzv 3 G s
¢ OdzO &z

0 20 dzts ¢ © Yy dzts hehahohi ' BlsWEBEE! HIssYY'
~nOtcOCIsjtedL 2 Is! Mmw 9"  Hf so ' H dzts o J dzd y
¢ a3t ts dd lsif, . whdziz © Odzdz? h o dHC suyls ' st syt
H s ls tc d d30 dzdz" tc tda dgfooddztsdgils sjy' 2 ftoedLoatHd
sd W’ ' Hdded yo' dZOY bW BERGIs M’

Il jlzdyddz® vy' ‘"’ hoeodHSsMk' shseddst
COdOdzz, E wCdr ' HEERZ A& dyvjdzfiz , o L i3S
lted '"Ltslsjtod3d ydesdidz dzOd3' dzOtedes 3z toj 3 d o3’
Lo Oy O yd dzO@ dOdz' Mis! o j dzd yd tedi so 2 Hsdatsh jh
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By 20 fedifkmisdlsd, hsOtOdgiES Wiz ys * 40§ t
5Q. 1 bt9 - Y&igSwe v ' d . StstHddOlkd

1 0 hm. ftedojH dzO Mmnd B3O Y&BAEQdel ydass§ t
bdiisod ftejHMmlsOo dzj dz ©ftsedzdo s dzOts Yy dzts.

tdbmS wn) @O ofje] udd®d §Jwjlsddz (G

10 Wdf.ftejHmsOo dzj dzd?2 L ¢ tstedzlkz 5 de2ls !¢ @
odlsCd ."N dgids@ O o dlsC' o &OBJESEYYl oHsC BDIs

sdmMS ftod Misdmdzj dedz’ BjLed, [B,0GH' © 5
_ 2.5%e°°
R (1.36)

) od  Mlsd fmdzj dzdz ' O o L OKS dzkzls ts 3l
Ny oW isso Yaswsj whwz , ' O hs Misdms O’ s+ fw
flso stc o OlsdM™ ISOC f{96: tOH ' Odz dzd2 IsdMm¢

Pr = Kpy, (1.37)
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1 dIlstsd3d 2 sdmE L s Misthlctsdzd Wgalws d ¢ H&0]
totsL G tstedzlz Is HAYK: ¢ O dzO dzkz

p, =0.428p cosl, (1.39)

 dzv o&ijLcd B zggst jiHteE 2 davds@y j dadzy S s W
Histe adgs* 0, 3, ItsH' ¢(BIPF." y' ‘ dzls BtsC s ts¢C

x=—23 9 48, (1.39
1- 0,3

1 G Hdzts , ochff.C sIstes sdMS E fMisdmdzj dedz” B L
Hst' adzd' MkkOwdessk o jClktswlk Isdms' o,
fjcjndy 5 [B1OQdz dzdlsCd

p=Rcos (1.40)

| HOMBEHOHSE oda' Hddd3 po j Skt s dg ' d3Ods
[5,198:

Ps=——, (1.41)
{ OH @ I8z S, &OfwOodzjdzd2 o H 9 OO

B Ot O 5AWO
p,=Rsin b p tg( (1.42)

[y, (ocodd? §dlcdflof wOH' Od dzd?2 Isd
p=p R Pty 10.429, (1.43)

[ BLEENdGEEES s H' sls! o totL ¢Bdlzlssdl



46

1) . uddO flsHefdzj dedz oL cd
mepém%(a B¢D d, (1.44)

1 dL dzOryG alzsd dzgz esL cstedgzlsse s C OdzO ez
D.1tcd foodetsBz Ctatsw™ ddz@lsIc®L cstedzzlstE s
¢ flsjdkL fwdrsSklsdsets ktedCklsdd D L
5O o j dzd YtB29-C o6 Iz

Ly s34 (PD)° 4, (1.45)

0 L bwORkzoOdd"d ks, hhts St dadlss

I 1 © T (1.46)

Hit-CtotsC  d-CHsCo0,d dz0abPlsO®©OHY tso ' Hddats dzd
hJted dz0 L cStedklstsets S OdOkE o dlkt O.

O dzZOdztsc ' Yydets o dL dzOYyO*' Is! Mw Htseoy ddzO to
MjtejHdy BBz H' OdkjltcOdBd oadlsSO ftojMO.

2) .  (dEy ' ffdzO, ff W ks e OdzO fos oHj LR @O L
BOWL O @dd®,dMS 0 &jLch5186s y' ‘' o]l d

R.=p. 8 pftgh 0423 a LQ { . (147)

Hja- hdteddzO BByt (odzzlstc’ h dz' 5 9
cLetodzzlssdzz € OdzOdz' .

3). tOH Odz dzO MddzO L BBSCE dIp,19§d dzO
Ru=nF sn(tg b042§ b 10, (1.48)
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Hjp-h dteddz® Hdzd" O o tetsL EtedzzlssdkEz ¢ Od;

ly s3y(pd)° 42, (4.49)

g sy (0d)° 42, (150)

lz ¢ Ehe. 1y, (1.52)

4) . wdd&O kdMSk dO Mmis' dzCxi5 18861 ¢ 5t dzlz Is

B = pK, (1.52)
H J
, D-d
R=C s gsapgg! 163)
__h _D-d (154)
cod 2cost

ly rsdz.:fr]ﬁpd )2 £, 1.69)

HJF - dzsh O BsEBoats’ Mis' dzaS d L etstedzzlsts
modmMtslsO BEtsoats’ Mis' &z d tetsL ctstcdzkzIs B¢
s 1 59d20 HBBoaY ddzO BSCtats’ Mls' dd 6t

i s Qs Hso N dd20 BSOS Mls' d2Cd tiSLEIts
stsets, hts CtotsC dzgdlsCd B ' dz' " j HBoayddzad oc

sddzd kjelY o ©BL GGG dislk s dbe dS Gdzndz’ ,d3j
NeddzO jtlsw dzO Hdzd " j518FsL c ez ss5¢ s
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T,=fR =fpF . %petg P42 bl1O (1.56)

2) wddzO Isjtlv dzO B' ydsk U196 j 65 dz¥ tofs
T=2 &P 2=fKF 2 f0.42% cos %bh@dz_ We (@57

3) uddazO Ijtly d&Oj 4W@sykz o jten dzs
T.=6LP, =Hhp B fpte 0429 a L@ (1.58)

Hif- S %" y' ‘digsL defj edB® o dgzlste' h dzs  f ste
¢ O dzO dzkz :
L-Cj W' y' dels bsjtelsw §dgjouse dizdd® a gzl st

4 C dzOHej ez tizBzlr d3i L6 d Y5 tesL ¢ tsStecdzlz Is s d3k
Isj telsw, stk Misdmdsj dedzé¥ ¢ MEJdzj IsOe 3L
9dnBBH'

sftosj Clspa@o hfidd dzd z da®L Gostdizz stsec s € O dzC
Coddzssotsets o Odz@®j L Zdzcldlic?® glHzs Mgz Hts  §
(ftedmistets’ o Odrdzy tc istsla bz dzd twWOLPF" C ), Silsts

é(Pfl’])i|+TiH+Ti B:FL) P, 1(59)
1

Hin-ydmdzs o9dIs¢ ' o;

Do -§ 6 § On dstedg€eazy’es (ftedMmiste” 2 Hdz¥
tcOCkh Cd) .

1" Hinls@o o 91hB @O Y[ dedz? o - ' H ded ~ts[E0q:dzd y d
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A(pF+p @& pA, ph) P, 160)
1

HJ
Ai=f(tlgb 64289 b O ¢ (1.61)
- d
A= fp.428005b§%§l sd (1.62)
A, =f(tgb 0.429 01,0 . (1.63)

) jejfOH sdMCk o ctd oy’ Gted o HEEJ!
€ jsdjlsted ydss’ KasdosfO W@ dis'o CLO W St il dzts s |

Qm
Dp; = (1.64)

HRIftesHEZSIsd §/ddhmls! , Md3
i jWiChdodz® 96%LC" M, CcelLim/ M
K-CtsjW'  y' ‘dals ¢ jsd3jlstediydes’ Wistedsd G ts

A St dBlz dzd L OfmMdztse Odz' IdgOy ddipticlzts hd3 J diststipilz
CjW' 'y ‘dals' @9 cjtdjlstedydets’ Wistedgd, HIS
COdOdz' @ dzO2ftetsfis' hdr Wsttds L HEMkOIs
stsydz fMiss [ 198, 199].

s' dz yjod?2 € OdzOdz:

; (R #fg
_ P 4 A
K,=2-¢éRr} -R, *—— ind, 6
0 8LéRdz Ry u'i] 1(65)
g R H
HjRy Lsodz Ndz 2 ©OH' kM C' d yjoscts § O
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R-odzzlste’ hdz' 2 tOH' EfM ¢' d yjoesets ¢ O
L-HsoyddzO €' dz yjoeotsets COdOdzz, Mmd3.

stsdzg' yded?2 €' dz yjoeod2 <CemyL ¢ tsdz ydzts

K :P(Ro g- R 1)’

1.66
d 6Lm ( )

Him-Stsj%' y' “ds edL dzOyYO' k' v 5 ¥ stkd

. (R-R)’ Ra (R-R(% 9 - &
(Rthb-R g RA (R R, ¢ @4’

(1.67)

HR-MjtejHd 2 ©OH ki StdZOYd®ssd di e o
R-MdtejHde 2 ©OH" £ 82O dzO o9~tsH' &BOI
d-9dmslsO "' dddd d&O osntH' ®KOljt' Odkbk
d-9ditslsO ' dzddzd dzO da fRjsonts’ B0 Isdpctedzdo, ot
L-Htsey ddzO0 Ctsdz ydesets ¢ dzr yjotsets € Odz

s0Cdd yddsd, odCstdmissols yd djlst
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1020 tesmis' hdds &Bj ssH sd ©yils § da® dzdedz’ 2

BjlssH' odSsdhssol’ s' MW cw©Oo' OY" 2 dz
o' WiES' o (o jtlsdCOd &z, cttedL sdsOd d&
Of OwOd odCttedmissols s MW Hdv sydh j ddz
fls Oofigew sl ls@’ oddksced IstdS sMmls' ; fls' ydad -
o ddzsd@d&'jds, o' 2 O ' dhd2 fesHESK' 8.
BjojdSO MddkO, it H' ' d© yOflsddes d,

Gemisddedd dadi \yOMmMlsd dzets ¢ *  t6' H d dzd .

lted tsydhgddz Hicsyd S dzsdzOr o dS stcdmistse
dz0 Lo Oy J dziz YyOfmlsddz$ Iz ftcd LOCtkzykze Oc
o' Hfflslgs €8 © © ¢ ' HtetsydC dztsdzgOr tslstcd BBz ® Is
yj dzsted¥ e OR, ZO HjS' & CO fEWHS' o
stsdeS sH g MY j tof)de yofmis d dzs d . Ajdsted¥ iz e d
syudh j dadaw mMs¢ ' o, o d dzs3OIsj to° OedsMIs d de &
GOk jte' Odz o, MjfOLOY'  BsdsSO kO ' dzh c
94 dzd¢' L OOl | dzj 4w fs G Szl Istadcderdz’ t&€ @LYts
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yj dzstedW¥zed, d&zOwoe dz KO ©RBEGHE' oke dzOwo d
[ uydh jdedgw te' Hddz W' dzt stcOy' ‘¥ L Ofmdatse C
fstedmisddsd fjtojcttesHSO®R] L ' L dsEod !
haetsC j L Ofis sk ooQizddBY lsoO  fagedpds d dz dzd & f

odzgzlstc' hdz! SEB L GsteW dzdz™ , 9 Isj A dzsdzs @ A
o JdsBOIsjtc’" Odz' 9, tdz' 2, fted Bydh jdedz My
[ Mdzts o dzd dzd dzj H sdz' ¢ O3 B sBHE ‘o i sl
Wodze sl ldal @ J dzj o34 dzls ' o ; L3 dzO@ ftesHEZC Isc

W Stk Od desE s i) dalfisC Odzilzif & OB ' dg y d
OB JL Y Jyd dedz o dMsCtsets kdMSE dzO W dz

-

jdgjtce' ', thmMpdzdets HAdY eo96wLCdms ' HJCdz.
StsOckzdzw Y'dsC 2'dzw y* W Yyofmls" hj o fn! scEts
o ' HfiglOmzdz’ H dzw Cdalsj dzlmdW " SOy ftotsyj Mk

sydh j didatzs'f o sHJ, Hdzw e ' Isdzj dadgv MtsC
1 J Hsdz' C Gralsdo d3j Is o f dzd o tcj OGJ dzls’ o z0 tc
LIOfMis sz o Odadzv .

ANdzZBIsOY' 2dzi tydh jdedzy L OMmdztse Odzj dzO
YofmlsddesS dzO ftso jtorndzs to° Hddzd. l " Hf 59
QA k ' moizzels! dOmMskzyd' Mftshhtssed WhkslsoOy' 2

WdzslsOy' w Blzdz B OM C Od3q, h ts Z Is & tsto !
HiBtlzj dzdz f tseo  Istcw OBt ' dzg' sets G OL z;
WdslsOy'w Bhkd BOh C OB, hts Eklseotste® ©
fso IsteWw o t' Hddzg (90SkEZdzdzO OBt dzOff ' toc
jdzj CtosW dzsls Oy "' W .

ANdZsSlsOYy' W LOmMsmMBsak® Is: MW 9 Isj n dztsdzisc
fMls' ydzed s o sH, ticteld MdafGc Oy tddizzd dz. l dHOd
i Qs dz' tc" Hddzd §tslstejBlz® HSHOIS s dn i
suydh j dzdav . stc' &5 Ists@ ts, ftesyjm [EAloaGsitg o
Yomlsddz¢ © L Odzj »A'lsdz’ yazdi= W 'dzOdndstsf o sfyls j 2
BOGQ@AIliotdf OHCOr 9L OcOdz dzj d3stsy dzdo d?2 .
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[ydh jdedgw tsdz' 2 SO to' Hddz L O HBH SBECE
odf OHC " o, LOMmMlstsMtso z8 Is Hdzw fls' ydzd ~ ¢
tesL yd dzj dzd n My sdziz ¢ . [ dzw sydh j dzdaw tc"
o dC swdfldsj sty jCMlseOCy" LO HBfB®&sE
totsL yddedz ffded, tWjmysedHOdzv ' s/ fmw , B' dz h O,
HSLoBBdwE Is! oddzzyOlsd L t" Hdded Iseo jtoH ' 1

{udh j dzdzw Hdfisddzv y* * 8 SO odBtstetsy t
HdMffflgdte MdMmisj &3 BB "g2HCds WMEdm ] uts
5j B j Ol OB CtedmlsOd L OYy' ° . A &Bjls
Jdzgj e 7, LsCtej B30 dO o df Otetso 9 Qdzdes)
oS stedMmistsokzs lapzdh® D' WTYBAY 'O [ Oteytse d -
dsted B3O dzdzy My dtels' o, JjWte' o, 9 dH Odzj dzdzv
ZOW IssftecsHEZCIs® 9.

[iltsH jdziChttsSsOckdyy"' ° { td&v cHAS s o
RjkOod 9 ftd ' 7 OdtsHbsBREz tetsL yddz dzdz” . |
Ctsdzts’ Hdzd 7 fipo) teifedzoprdztsts(d” h €. [ B dzOfyls! 2
t6' Hddz0dBd, o w¢dn ftetsyjfd jdzjSbtetsd
Is J » detepidefsdgd £ dss o O dzd .

[dzj SstetsH' Odz' L SO 3j 3B teOdedzd 2 j dzj € Is t
sfftc’' Mdzgj dzdz? otsHd L O HGY sBOHEGH J Bzj CLlsG
cf sofms Hy b Is: Mw w¢ 20 ftesidmdsse ' fls:
s sHOtfilso ts: s te' Mdzj dedzv  sdzd o dzts’ 9 t
fjtojtesBYy' dRBsdksSO, odHOdzj dzdzgv L otsHd dz

I jdzj Cbtetsdz LOR] ots uzffly @iy Co sHd L H' 2
HjS' dz Stsn  dzOfbskf dzdr ftetsyj ' o: ¢ d
jzj CaagaWr Ctsdzts’ Hdzdm YOMmisddesS, jdzj Slsts
LOdzj ydIlst o' H MECA&ZOHE t' Hddzd SO 9 dzOMIs(d ¢

[iltsHd jdzj Chtcdkf SOeRIEZYQdz" L2 jlsO j dz
o qbdMisOdedz? &8 Hdzv te' HSC 2 HtesHESIK' 8 d2O t

Ldz: kOO ¢ fjtel " d seOy' w dzOdzj ¥ Ols!
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f vdzOs Is! o dBsdj Sedvtcdztsdzdz tetsL H ' dzj dzdz' o
o dBstel Jdzj oG’ = flAO y )2 Mkl dgd2Y  dz' vy fted €
L @z s+ iqw o dMmMsCddizd *° M zOH O/l 6,0 jGlzdHyd
teH d 0z d&zOydets B ' dzt h°
r dzv  sydh j dzdgv o tH(J, L sCtcj d3O0 Mils' ydzts
Bj IssHd, his “twkzdzskze Ist mwd o dz® O dzgzL § fi3tc § to a5 db
odCtstcdmlstsokzs Is! tstcc Odz' ydz SO HJjWwC' dzj
nOtcykzo Odzdzw . 5 Isjrdg ydedres L OMtsB"  ®8, N
ZzQOIs: B' sdztse " yYydz' o  HMls' 2 dzed € d, Odp@drds.|
J Isjrdesdzse’ ydedr ftesyJ MOr B OGOIS! t5A
LdzO2h dzd L OMmlssmize Odzgdgy W' L d ydz' Bj IssHJ
ftedmMtceswrn odCtstdmissolz’ Is! Mwv Mdizsoa O H'
J ddiicis ZOG dz' sdesc s, | dzf (isd Yozl tsts dg5'0dz? s @atz
[ Ocdz sdz0O BB O L OMssMmMsolz’ Is+ Mw H
WJHROG dz' sdzed s yOmlsddzes$ ' Ldeds ttSL d3 t6° o
o " HfmMls' 2 dzd€d IO 6" Hietsyd ¢ dztsdzd . 1 4 HBdZ"
BOG dal tis daf sdzv dzfz® YO detss BROG dz' Isdetss  ff tots
LAz steOL o kECts9 O sBtetsB ¢ O, L dzd Ists ¢
myd wkf &3d JWiSlodd, "t oddzdsOrls: o 6
f sdz@ ' IOy “ b, CsOckzdzwy' * ¥, OCEkMmisdydad
HSLo W W "dlizeo OIsd (Jtetsyd Md: 9" HMMlsss

WasCkdvy' ', Wdhskoy'® [48, 49, 50, 51]
LiHBd St Yy! 86t &jlsnk *° MC &OHd f
5B ZOH dzOdzdz” , Jj daj b &° dsdz’ Mls! , dzj fMlsOB ' dz' c

od 3scdf .L Afflssmsoz’ Is Mw Htod ydh jdedz Mt
o ddzdztse s € Od3j dav , suydh j dzdzw tc' Hddz dzOf
‘dels e W sMdeseo dzd?2 ftesyjfm [ 49, 50].

1 tod Jdzj Clstetsd3OG dz' Isdz' 2 sBtotsB Y o d
J oz C EBElsds dzsc 5 OPgjddy’ dp@fmuse] dz$ d, OS ° s
f stelzh jdadgw Ml 2C6sMls® HIiWECda HJMY j tefyded



67
L Offlssfkeo Odzdzy, Odzj BsyJ BEd §jtemijcls

tc' H d dz.
wtsdz' L% yj odf csd3’ dz¥ o O dzdzw Bsy o, o f¢
'dz;itm’W‘le‘ g-'[SOGIZdZW'L]'B, S!HfT]IStSBSGdZdZW

yddesdz otf dzd o ©° dz0@ ftesyj id Sydh j daedzv .

[ ilssHd Buydh jdzdzw to' Hddz o j dzj § Isted ydzat
Lo OYJ ded A Yyomlils ddzats € zO jdzj CIstetsH OR g
1 JLY wdgpotelf sted MisOdadzg” j dzj Slsted ydese s ff s dzw
ftetseo j Hj dadgV CdzdB sC SCE 15 sydh § dzdaw ' Hd
EmMlsOlsC zo O@dp™ ,f jdzj 'jdaj teetsoade’ Hdz Mmis!
Of OtcOIls‘ 9o, HiSL 9 tsdzw B~ Odz" BliIzo PBF, ' 5Op
58, 59]. st d3 e, jdzjSlstedydzO wBtctsB
LisCto] 3O CHasQIahdsdf Otctso o Odadzy dzj Ist yd n

letslsy yYyJj2 dBjlstsH LOMssmseolzsls! odB " t
tetsL ftsofms HY j dedgvyJ MO~A fojstcj tetsB € tc' H
' dz M! ¢ scsfipf HAIdB dBd ylso ©. [ Mdeso d&zO 1§ tod
hts B' dz h' Misj zyJBtcstziifdz. 1 tcd Mmlse stoj dzdz
tc' Hd dzO~n odded € O Is jdzj Stetsn ' d3' ydz tc J
feHEZCIsE ° pOlIs 2 fasts " Wl ' Mmils' .

Il sdzwtedL Oy 2 dg weodhOo, hts o dded ¢ O5 Is!
J s dz' IsOr, dzg HtLoBdwEISs! BHO9OIsd 9
sBd3d ¥ Is! HwsHkzSIsdodz Misy Jtesyj mMiz. ¢
o di OO dzgj fjMbjagdh ' Yosdiz o' Hdesh j dzdz
dzj  sdzw tcdzed » to' Hd dz fJtemf j Cisdoe dad dzd . u
f sHOo OIsd odmMsSk dOftkzelkz dO J dzj SIStetsH(
oddg & ' H H"'¥ ftsdw Jdd'3,tj6@fy’ [ daj Cdzj
ftcOCIsdydzes dzj o' HBERZO OB Is! Mw. J Is 4 ~ dzts dzt
" @Ot M sHOteMisa ®© HEs IsOCdr ' Hddz d
m LYyddd, & Myjdd, Mmddusjlsdydz " ‘daC
ftelislf. ) OMmMlstsMmize Odzdz” § dfjdSCddmddi\tdeeottz] s U d
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sdz 2 [65] IO dOWlssftcsHEZzSIs' 9 [ 66, 67,

{udh j dzdav tc' Hddz o d dzj € Isted ydats Bz 1
jCtdpleds? jWjCl odzOfMaz HsS ' Hodh j dedg?
Mls' 2CtsMmls’ fted LBj o' ¢Odzdz .

s O¢dd3 yd dzts a3, Hdzv sydh j dedgy 6" L dzd =
BJiIssH' &8 dO2B' dz¢ h hdtets§ L OMmis sz o Odzda
j s lec zo Odzdzv W' dz stcOyt W sO & IstsH(d,
Jdzj Cltcdydese s ff sdzv .

CS COL (b2l dzOYZ’ L di3j IssHd d305 Is! mMils
J dzj tdglztsis! Hdzvw yjdestcdWzckzo Odzdz? IsO W' dz
CteO" ' Bdzsets o' HMists® 9 Odzdz” ; odB ' teC o Mk
ckMmisdded to" Hddzed ' ¢QfiglOfaiy S IsHOdz'6 P dzlistOd

o | z® tipls ° 9" H JdzjSltetsW' Ldydedr o dzOfmk
Jdzj Clstedydzedr dBJIstsH' 9 ; Btsy dzd 9 * Mls totsL |
sL dZOC s ckMmMisdded SO tesL &3 ttkz HdzVW GtOo ' |
sO W' dz steOy"

s OCdd3 yd dzts o, tesLodlss¢ MdMmlsj g tsydh
FHBEME 8dz0dzy dzdzvy * mdzkz 6 yd ~ , ‘ tcsL tocsB Sz
B Isss L d&3j dzh j deddv O jtelgj fiplotsitso dIstc Ols : dzO
Isj » detsdiftpls’ ,yda OB j L § j fgzdedettzd A C sizls?2, tototcd
OC sz Odz'twmiatz f 3t Ho.

I ddzj S st wWtslzef C1dzj dzdz? Mddz dzO yYOMmls d dzs
dgsH dztste’ Hdzsdzz j dzj S Istoed ydesdzz  f s dz' (LOL 9«
[ 52] . wddzd H' jdzj ClstesWiste]j L &2 jJd3sS 7 lsizdzvg Iz |
E odL dzOyj detsdzsz d3' my' , tetsL H' dzj OzdztzO tzts tg # i
K] B Blzlsd MmMtstclskzo Odzdz” , L OR s dzj dzdaw
o z@dtsmisw d&sd tsBO' CIs' 9, IssBlsts HdzvW d&Odz
hts H' jJdajclletctsdtsy dz0 L OMmMlssmsealzeo Olsd  dzj
YOMmlsdds deistc'd dets sz f sdz' , Odzj ° Hdzv o dlL
H' Jdzj Slsted ydzO ftetsded S dz' mils* (rl1) ° fdltsc
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] jdzdyd 0 ' fMftwdse Odg fls!  H' j doj'CHs
HjGCt®E yddzdzdS' o, oCdzs yos yd yOfslskz L

fmMiwcses dh O Lo OYJ ddn Yyomisd dats €, GtcOH '
L Odzj 3 dIs! ' H Gjtdgjlste’ ’ odCtstcdMmlsso zo C
fsdzw o dzd ¢ 587 dz0O fdedzfyly asATEISlS 4, Mwh 59 ond Citsdzy ©
odMmMsCkz h' dz dg' fMls! d dzj e "'’ ) Mjtcj HISO
Jdzj Sstcedydzesets fsdzv MismMlsjte’ O s Mw Gto
GcOH " " dzls® & 1 ‘ ri. 1 jteh d?2 MmMlseottes *, ¢

IStsH' wC thisOdzdz" 2 @ StesHY 2 H' Jdzj Slsted
mMijtejHtsoadhj IsjCisd.

(WjCls oLO" @BsH" "’ Yyomlsddese L sdzj d3
fiffdz! dz2' " j odwoedzw' Is! Mw Htod tetsL H' dzj dedzg® € t

1 4 SHdzstc' H dzj L d3' dzdzj 4 dzj € lsldctfy@zp’ dztf &
fsdfv so Odes’ yYyOMmlsddzeSd. zodHGC'  fMls: H' j dzj §
CoOHKOIE &Oftelzy jdtsMmls' fsdzw, *° L Odzj y dzt
fMfcj Hsoedh O ' o dzOMIsdotsMmilsj 2 dj " tetsL H' dzk
mMddz' dz' ssfizO®E ' hsets fsdzv [ 52] .

v f stc’ o dzv dzdz' L jdzjCtosWstej L s5d3 H'
Yy ddz¢ Odsd f slstc' Bdes ftesotsHdlsd L odCBstc(d
BO i 4o dz fitcedoOc(d, w gt smMsBdzdeots o
Yyofmls d dz¢ ©Odid . g JOE ] HBsYWEED toj eijLadzOydilsd  daC
fstc' o dgv dssWtstgjdejtfd3, fHtosMmMiststictso © L Odzj ¥ dz'
HiSL o tsdzW Istsydz h j EftcOo dzw Is C f sd
H' Jdzj SlstetsW tstej L ° L3 dzdzse s f sdzv HESL 9 Sz
Jdzj SIstetsH ' o f toSERE (Wis Quddxf[ -~ | dBjj Oi€ta " 2, w g
ftosls' C Odzdz’ 1 sfsd R dbEstdsz djlazj € Iste d ydz

[ " JdzJ SlstesWtstejL o9doyoO' Is: mw L 1951 tc
dzj f tetso ' H dzd te' HddzO~A sd i Iz okzcdzj o sH dz
i & sidzd ~ te' Hd dzOA, zOf ted ¢ dzOH , o tSH dzd ~ f
fMilso stcj dzdzw Jdzj Slstedydese s  f tsdzw HtsMIsOlsd
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MitejHtsodh' @& Cd [MEjdzj ClstetW stej Isd ydzO tc L
dzj SHdgtste' Hdzatsls fsdzv o B My MiesL §OMk
odwedw " Isi fmw Wz dgeChf ‘¢ st tdaHsoipisGeds h ts l<
d MY J ted d3j dzls Odz! dzj o ducy J dzdz” [ § 'Ofzizj Ol
H' jdzj StetsWistej L Iz H dzw RZOdztsls j - des dzts e ' 2
B CtesmMC s ydeda o3 ¥y J dzj € Is tc sH fizfiis ¢ s Ez0 fislf
B 'dzhj 40 [ [ Y dglsd demMdo desdsz 9 " H 9 J H
O tckzy j d2' s BdzdL ' €5 HiMWIsSC 9 €1/ Mmds.
HsMIisOlsdzg d©gd Hdzw jWjCIlsdodetsets dBBOdz f zdzs o
[52].

SO OHEOISHE Yyebddztf f se dzO md dzO, hts H"
J ddicdsdzj 2 IstcOdz' dzz MdMilsj Bz, wEeO MEEZOHO' Is
Ols 3ts MW-jHtg[t bz L dzts¥ yYOMmMisd detss JtsHo ' 2 desets |
dnlszf dzdds o JtcOL sd3 [ 72, 73] :

F=(PD)E, (1.86)

HFiMdd&zO, hts H' ' o dzj SHdSE' HdsEE § sd
Pifsodd? ' dzHkzCtso0dzd2 HAY§ sd dzd?2 Bsds
L StcOAhdeydzz " HEBH' HEt tLtORkzdSEZ o
jdzjChtesd sk 99030 I8! Mw, hts jdzjClstedydzO
fMdd' . uvwH' hodHC Mis! H' jdjCltosltt]L bl
o dzj SHdzSte' H dzts d3ids dzff B bzte O dizOdzlzj dfj Rfiplic) Bz G
hgHC' fls! H' jdzjShtesWtejLlz M¥jtduds YO
c _(pP)E

V, =+—— 1.87
de 6,0 b. ( )

Hy . TheodHGC Mist yOmilsddzS d, d3/ M
OQitcOH " M yYyOMmlsddeC d, 3.
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lteslsjy o Isdmn odf OHSCOR, Csdzd yofmlsd o
Is" dz? ¢ d yYyoOmlsddzO ftseodes™ Mdadzd ¢ ted S dzOH j dal
HjBO' affy Sk OldksmMW jtclz.
]l tsBBls" [52] Blkzdzt otORto Odry do § dzd @
fesdzwtcdL o Odzts’ HAWEZL ® 2 dets’ tSUHz® dzBH SO te
eBLticOrR 59 0dZO hoadHC Mis! H' jdzj ClsteW stoj L L

2
v, = CQ”DE 1.88
de 12p ' ( . )

o

Hicy, Td W JjSClsde dzO L wllgdzHipls f saO@fplsid Oy*

Ceff = cé?f) + 0(2) 0/2! (189)

ef

HicQijWjCldod® LHOIM: Mis! HEts fodvtdL
c? i CsjWw' y'“ dals, hts & OtaGXtdsVjHdaf L 'O f

H' jdzj ClotetsY stsj L .

v OCdd3 uyd dztsds, tesLo st Isjtstc’ ’ H' § d
HtsME sdzO dzj dzdzw d&3j stsH " o tctsL tcOR zdz€ Iz o
Bs di Iz, O HiSO dpjtc O rolzfod@fdpdlz’ dzO dz' se s j dzj € Is
Yyomilsd deted Hisofg h O, fsojtendzj 85’ f tctso * H dzts
C tsdzigjQOiy * 2 dzd n ‘ G' HieSH dz2Od3" yded -~ f sdz' o
HdW kL disq dzdyOf sHe ' 2 dzse s j dzj SIsted ydzesgts h
ZIsjtedzO IsO “dzhdmr uyddzdzd &' o [ 52] .

1 d Hdo dzvw yd fif € © &z slejjdiay’ 2 dz' Btsy dzd o
H' Jdfd EetgpL z oMy hj tsB d3d Y 4 dzd ) B' dz! ht
f° dzts Is dzdgs o Cz@mif .© o' , Csdzd yoOfmlsddze © L
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dzi fteseo " Hdz' 2 ' Hddz . |1 Y sdiBz odf OHE&E

yomisddS bk b Wt Ckd' , &syj eBllsd Lt
C e-e 8CF# C & C H0
F=4p @ _n o +E, —+E —Q (1.90)

eu+29mgexux wy  Cpz0

10 sMmhkses® y' ' Mddzd foyssis! §todif
ey Hso gH'Qjrdzj S Isted ydz? MJj§ OwOIlsstededdV 7§ SH7
ftoedmlstes’ © H&W [d& H' jdzjSltedydedr t©° HJ
LoOwWLEE L ojdzdittst o90wLC Mist ' Hddz E
t ' HJ dzdz Jdzj ClstetsW " dzt Isted IsO jdzj Slstetsmd {
A sodn, ditt@SdEPGdsEct L OMistsMmize Odzdzw .

stc' &3 yYy!' séts, ffted odStstedMmlsOdzdz H' W j dzj
tc' Hddz LOMssMtsolz’ Is: Mw Mmis'® 2ded?2 Milstelzc
Lzdso dzj dets dzj milslzo OdzdgWw d3 J dzj S stetsf tetso * H d

B! 5n ' Hff'dH ASOKL d&) fted2dwilsdedds. 1 ©
sdz'° L fdlssdtsr | i dE s fotsitgo " fHadd s n IslsOls
j ddgcs f totseo * H dz' Mis! Histe' o dgt ° OCIsdo dz 2.

Hdf sdzt dedd3 B3] delssdz H ' J dzj € Isted ydatsdz, U
' Hftseo "  Hdets™ L 3 ded o j dzdydded Mmddzd (1. 5)

[dBH KO ojdds" (itmfjlisdad, W'
sOC’ CtdW' cktcOyYy' ' jdzj Slstedydesets f tsdzw
stcO@' CIststc’ © twkalk YOMIsddesS & o HiefmjlsHigjtsdz'
dgf jtojtcodasdBz toj ydd3' totsBBlsd B dZOH dz0 dzdz™ |,
o' Ldzddzd Jdzj SlstetsW " L dyded dzd o dzOMmisdoe tsmisw ¢

DcOrso ks yd jtemf jSCilsdo dz Bsy dzd @ sfls
(s{fuouwy Mdz' H od Skttt @jsldd wdzz dzs Of
fsdzv L yofmlsddzt 0dzd MmEzmy j daL *

ldmdese € d HEts ttsLH' &z 1
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¢ dzOdE’justc | Isd yddf i tc ) ustEffschbdzdzy Husd wdsdaf © L
dzOMmMlskzf dz7 odmdetse € d:

1. I MlsOdzso dzj dets, hts tsCtej 3 s jteOy' ’
HdzV 359 dPog@aizts Ists dp d te tiBj dadisyrisiotiz® ‘@d dgd’” H ‘Mz
cdzdetsCdrs HBMdz HY J d& sdmr ftesyjm' o, w G
Isddets dzts ¢ © yded 3 5§ J 6Oy W B], (ds@PBIOIdE j-H
sjtf dzsotss ' HeBlsse C s BOVWISSd dzQfp 'tsdgdzO L
odo s j f d&ztse' ftwotsyjMmd, It fesls' €O Is!
wedn dzixdls! -@BOntst | e dfsfidzs My edw” o' HME
tesL tcOn 2dzC Iz Of OtcOIs' o H dzw o d ¢ tstcd Mis @Uaf
Of Ote Ols Odfdj tegz@MO  Otctso ‘'dz’ YOO dizdy | dz] 16 Ml
shdetso dzdr toj y ddzded = CtodemlstczC y' 2ded =
BOC M BOdz! dzgd?2 odr ' H Bdz' W dzO2CtOh s’ Wt
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[ B'd@h HjlOd dtscéts o do JjsEdp f 150 fik

B hOdkSqd * d d 2des’ hedHC Ml yOflsd da
odoyjdedz €' dzgj BOdSqd ' Isjf dzssB & dzz o
feHso Odg o' Hito' HdZ Ccw©OW¥' €d ' odL dzC

2. 7) 28).( tedMm.

10 2. sBkzHSoa OdzO L Odzj 4 dz' Mmis! yomk
H ¥ d dzts 0,5 &8 9°'H Cklstsots’ hoadHCBMIS'
tc' odzV dzdzv tojGte M fjtehsets Ml j dv vy
hodHCBMIS® o' H 2 HEtS 8 wWOH. / M:

y= 0.063% 1.173 (2.20)

[ sMistse ' tcdz" Mlis+ Of etsC id BOY " " dzls d to
Cj¥W' y' * destsdRPrQIY tedg' d&zOy "

10 REMtsBikzHBS OdzO L O y O &dizdy dds @is ez
hodHCMIs' s s j dedsd L dZzsf Os¢d Htso )y
hodHCtsMIS' B " Odz d . Il dL dzOyj dzts t6' o dzv d
LOdzj Y detsfls® Hakweo ' Of OdmtzBEME" o' H 2 HT

y=1.1056« +1.098: (2.23)

[ sflstse ' todz fls! Off tetsC g BOHL dz' dzts dgb | to:
Csj%' y' * destsdRPrQMWILteds dzOyY"

2z 3 Mbsmiz' Is! Mw o j dzd yd deds L M9 ¢ HOSHEANds
odf OHSCE otdzO odL d2Oydls! Mw L tc' o dg¥ dzda" :

Vv, =V VY, (2.22)
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[ dzv o d L d2@ fpjsdiaizis dats h & d Otinftsls dzts f) » tsfi30 W
I OlsCd YOdz® t©OH' Efsdd 0,5 o fteso jHjd
NS zOHBO - L Odzjydetsfls' 62" Lty , HiE 2d@MZB) H J

212 [ Olsj BBOIsd ydz0 dBtsH j dz HdgdzOd3" ¢ d Isj{
fjtojpoasstef tod Mk " dadz BOWISC

[ Ols j d30OIs d ydzj BtsH j dzs 9 O dzdz™ Hd dZ2Od3' €
HdfmfilgsteRz § sted Mistsdz h Ote' BOWISSd s’ wi
IsJ f el j toj detsfqke *© WOLtseadm f jtojlso tste]j dz

HjtejH dBOIsj B3OIsdyded dntsestzr peazn® , Hozts s O ff
Mkzh ' dedzv GBfcddgbtddets 3OIsj o' Odz' 9, dgO2B " dz' h
[134. I 5@k ' v &O LOcOd dds L OS sdtsd3 t
ftesyjm o [ 135] sO & Mmisdls! o wCsmls
Isjtfdptcj detsfimkz SO BOMsY jtoj desfipz o' HEts™ WO
B~z otdtsesf jtoj dsmMkz [ 134]. v odtf OH
ftesyd Mz Mmizh ' dzdzv , -foshigididnjlsiseds IS QIO  dawdiclgs: (
sdmM¢Ez, "t oadgdddd SfQ‘ tc jdelisdiy §f Otcsc OL so 5~ Mt
W' dz stcOy' ™ yYJtejL f§otedimls® MmMjtejHsadh O,
' gERvdE W' & steOy' > [134]. o.1. [dSte
B stsHAfIs ] @B § sdzv Is! , W ¢ QRO fis st jsdetziy Bs ¢ 1) )
MOoOdd3 L OC dzOe tsfydetsad L OcOdz! dets’ Isj todzgtsH
'R dzjodgtsaslicdL 9 ' WL Sk, ItBlsts ISOC WwWC otsded

[JHAEZOC o90etBdy dzj Hisdz' S5 ftod o d¢C BStocC
B Mlswis! ydeW Hydspfnj € 6 JsY tcdSts'cdglOHS * dzls dzd 2
ozs e s tetseo " HdztsMmils' , " Lslsjted3 ydes® BOME’ «
HOdZ ftets wC' tslsted 3Oz Hdzw HEtsMdIls! tsBd
MOsmIis' 2dzj o dL dzOyj dadaV fry Sty HHAEAS O @z O Y . t
WOLtsotsets  Jdpj(xReslc)j dadeVl 34 ] , wed?2 9 tc O
odf AEB®dzdz? t' Hddzd o (BOA Is* d&zO, i tcd
o sdzsetso a3 Miskz O j o' Odzk o dzgOMdz' HSC W OL
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OC0dz! detstsc s i3d s Rso di3' Miskz o tojL kzdz SOIs
WOL 59 ts¢G tee jfdgdyj. Isof H dzO ¢ z W' Lduydesdzsz ff dz
o df Otctso Erododdzfizy a3ty Iz Is ftesls® COIsd dzj L Odzj
ftcd2dz ftcj HMIsOoadzw ' L OB ddzdeslBdz * @ dzj o

Il BOIj BOIsdydedr oBsHjdzv i Mizh ' dzdz136], ts tc
[ .. Jtddydco, 1. a.[133fgfy®mMtse d | L d@xtdzHz
‘dals j degd o desfls’ W OLBetsets ff jtejmatsHE *  IsOC

J tots g =Is8'0 138, 139] todsoEO Y@ dzEk
s j kP Mtsy j toj desiz, h ts 5B tlzdzlstso OdzO dzC
My j ClstcOdz? dese s oadfftosd3 dzs 9 Odzadz? 3" Ctets YO
W dets d3j tiitszts 6 ‘Is j tste HiSL & 5dzw ° o dL dzOyo
~nOKOSCIsjtedMmisd ¢ dhdissj wso ddzds.d Sited ™, f 4 to] dzts
OBts § sdzv L HGs3 fgtz©dzls oz ¥3d dzdzts ) * W d3q hts B
OB s i 56 dzd dzO 9dsO dyd ta| jOptised d dzd . v B Ists i
odff Otctso zo Odzdz" tc'degd dzd ' ~ OF Hzif 9 Qefepiifj Bdg Ism Is -
Isj i3 j cOIskztcd .

J tc O3S On Bt @p € Daph @ dats’ Isj ste" Is j
slgfigO dzts W tstc d3lz dzd :

THdZY tesLGO®RbdgTZ disO HJWELL O] ,tc'WHECAs ' [z
odJf OHCOR fjtojrBHdIS! 9 JBY tedydzz W iste
Wtz dzR dzp Isj 2 d20 Hdzv ' HEdr MjtjHBadhM:
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H Jgp = const;

vilsj &3 j 6t OIskztcO;

Reizdz' 9 JjtemMOdz! dzO G OL 859 O MIsOdzO;

¢pi jdaj 66" v OCIde Oy’ ' dtsdzj Skzdz, "Mt LH

I HdzV dzls § dzfipd o dztsfyls” odf Oics4d p O dzdlz'€ O tc 'Y
gL Zdzr sk yd?2 gl € Bsdz] Ckdz to' Hddd 5 ¢
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fOots’ yYOmsdded) ' ssdzjSbkdz §Otd hHis
fjjBsHE (Httkzed?2 ydjd fLOests’ yOfmisddad)

=gy (exdar/rRr] -0 Jedar®RT)- 0, (2.24)

Hinf 9B W " y' ' dals 59 jtor dzgg sdsyatss; o df Otctso

eTCtjW '  y ‘“dzls oadiftetsdy’ dzgs 9 Odadav ;

s T 9o Bdzts@ " Mls f Otetse OL s t5° foasds' h ftsteB
9" Hfi®b tsB' ' dBdz0O Uots dapjdazlQte s yy® f sted Mists

N dzsted3Odzr HB GcteOded ydets® s jten dz' ;

Up' pilsd BB j cOktt® *° o " HdsMdzO o sdzse ' Mk

cehs fitehd? ydzjdz ©# HEYCOR HEDEBERZ
(224) des0O0y O “dzlsj dzid o dz' Mmls odff Oteseo zb OCd
" dglsdp digh) lst S sdzH j A2l Oy " T .

[ Bdzj SE@OBEOY 220 Isjstc' W HOEZO § sHO
hts HsLotsdzddzO odte' h dilsd itd46h (e OC Isd ydzd -

VL o' Hftseo ' Hdatsfls"’ His ®OYl d ydzs o s i gz
Lotz jJds™ BOWISSCd, dBOIsj BOIsdydz©@ BBtsH j dz
fjtojlse stej dz 9 LOCOd desdisz o df OHGCE o8 C o0
fjtoj deslz: Jjdzgjtee' ', BOMd t' HEts' , f Otetse

rdw g ted deywaaigw o jdeedzsmbiz Isj f dztslsd °  d
slstcd BOdese &5 Iz [ 142] HAdW Jted dgy’ 2 desSG s
iyt Od( OMd, Jdajtec’ ~, " ®fkd Miz) HdY

W W e
=-divJy + 1y Tre, (2.25)
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vzl i 6 zMisd dzOm I esfiy 8@ dzy * -

wiftslskyd Mls: odkzlstc' hdzg' =« HY Jto] dz M.

el 9" HdzsmMdzO 8BGO dBBzO HJ W SsSted3OYy' v W. dzO

[ dzv  BOIj e’ Odz' o, L dzj © SHdzj dzdzv W C dn
sB MW add,ydeazO 0. 1 y!' s24B) ofdjfte)H-SzH d(Is 9
LdZs 9 O.

| EMisd dz0 Mz s B OHzy ' °~ o tcOR)s oW dz’ Hiscfidi@AY " * 27
B - Odz L diBd I =jdieqifes iz :

FdW kL " 2ded?2 ( Rl iz dgistOdiay? ) L dzOy o’
fslsjdzy Oz f jtcj desmlz. 1 slsj dzy YOdzO'BY L G
tgutso ddzed Y ' wddetfFOtdd tfytso ‘plgtesB 6 d3ZdzO@ Wis da
Yy! sets § tsdsiOs ddg paltzj to Qs lfteGOp, By, +&Bu), J Wy i
CtsdW' y' " dzls HAW by &7 o SHsdgyfipdlaf Xzls © s W ' y*
CHf sdzj dpls © [ tsdzj € &z dzv te dzd 2 f4tej dztstm J dzj o«
® HBERZoO' s mMw E odecdzwH' IsJ § as-saff+§ h Jf, O

Hhif B0 jdsod §.° v ¢ &Y sdzj dzls O

ssjW'y ‘ds HdW kL' t' HdBRY) o[da ]dz0 YD
HgWkL'® §Ogd o o' Iste'

3/2
p=_KT (2.26)

 Pdgm’
[ JKT const;
dgsizH ° Od3d Ists Bsdzj Cdz, s HdWEkdHES IS ;
tilsdmM¢ cOL Iz.
ltcOrtsokzs yd Isj, s CjW' Yy vezs2d dwERgL
100 €10 Ltekydts ftejHMisOoadIlsd & oadcecdzwH'

T3/2 oL
D= Dsz%, 6= Wj 2.0 2.27)
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Ll Mmisdded W' dz' SteOy’ 2 ded n S (SCoY dradgd Soidsd o dz
Gusse ddzd o dL dzOYO® Is! MW I 4 Wawe pff='Upne, I t-daiseie) dz
Hy oJj ddgudifizg HIMisOo dzvw ¥ Is! MsBtst 9 j CIststedz
hodHC BMigOMIs d dzts € BOWISCd o  Hdesdets € tsts
W' dylste dese s tockzW Bt ocmpaides. zo dHC M W
oz Ctdi3ftsdzj dals © Lo dWL Odets’™ toj ytse ddzd L

w,=-—YPP ,y=tg G. (2.28)

U lzdsi L O Odzr dzO  tfintg thedidH G’ d fif) 107

Syilo' HdesMdzO f totsded € dz' Mis’

hWiHddOdg yded?2 CtsjWw' y' ‘dzls o' wiL Ctsfmls'
PRIGIOH" " ‘“ dals 8dMSk WOLd

t2r YyomlsddesS o Of OtOIs® * MEC dzOH dzd o3,
o Yyofm' w¢ s o] dzdydds , s@ci 3" L Pdzd2O -
s jtc’ Oz o YyOdzOR ) Otetso dz' odL dzOyOs Is
LOdzj ydls: o' H yYyOMmlstslsd =~ tsBj tols Odada” , H
YyomlsddzCd. JtcORkzoaOld jWjCldodsz hNhoadHG "
BOIls jdug@els 2 BtzHsk' L Of e sdzso Odets h 2w D s g ¢
Hd MY getdcshddy Otcz RBOWISCd fted B tols Odzdz d3’
h Otclz . ztsB MCtstod Mis2@B d fripzj SBE S dyazs 5L d40 s d
tt' HPd2d cRRwvEZ  stcOn Is' dzO. L [142P2 L ©OF w
o d Gude dzBz"V P sdME¢ cOLBoat’ MmMEzd" M ftcj HMI
sdMC " oPy f O tf Py clsREP+Pyse. 1 WBLEGOREdRSE 1§t
fsqjtcjafpdls dgOMmMlz o  HBA Usl WeOUyj 22y [WBE dz
Yyomlse d o Higdsts'ts’™ Mmidfcighps idstfs O &1 ¥,5° ¢ OYSa0i’
ftcj HiNlsOo dz @ AsAEFVLT b fte= Udrels e= 11 Yii Yo U ldls
fstcd s’ MdmMsddz®, e HECS' WOLd. [ O0dz odL
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f Otag-Uy/Y¢ sV f szUg sh¥c © IS° dz' O fls' d3 L
tetsL 6’ HY J dzd - GB® s gnv toctf O~ OaPy=dgR. T/m Is'd !
Pt 53l ¢ sBeT/M so .

vsdmMe " HEts™ WOLd o COf' dzwtOr § stedMm
GOL B9 t5° WOoLd dzO o dzd R dzlr ¢ § Do diydetiafdidzis g d
fo jtcrdzj o BGets dlRdPHRlZ edzwm dJqzgL cOrkzdzC 2 € C
tctsB SIS [ 14 2] LOf el tsdztshy © dz© dz® g © tiiz oz W
¢ O ff tlatf'@ sdmE ' Hddzd o Y tstcOs HJdzd ydzt
cOH" M 9 { Btc:

P = 23(T)rmr%x@F(r)dr/rmfafxq(r)F(r)dr = 29;—(3) ,

Mmin "min

rmin <r*< r max (229)

v zdgr)i sB ' ' d3dz@& OWOfpvCtadlz, WwWCEZ L O2BO° tf

FNTHW Jtojdzy' Odz? dzO WEZdeC y' v tetsL f SH ' dzl

sMISBJW' y' " dzls ftso jtorndzj osets dzOlsw @ lz;

FTaOtOCIsjteded 2 ( GAs®)dR] Is ts s dish fefztc fif St ;

Mmin = Tmaxi d3° dz" d@3gOdzt dzd 2 ' BOSC MHd BOdz! dzd 2 to
fstedmiss’™ MmdMmlsj di3d .

rqW jtojdey' Odz dz® WhkdeCy' v L fsH' &z f

By ) Bllsd L dzO2H ] &ZO L1 -orf(isddL ) WM 1 st g

min

Blzlsd odL d&zOyjrtzd?2 f OtcOd3j Iste

{B' " BLO YOMEH@ W€ OHddaf tr' 2 BB Gk BGO
totsCttso z‘ Is® Mw d tg@r)L=ts-ds- d/r), wed?2 ftej HfMlsOo d
f dztsh ' diztc FIOf " dzv tc O, L O2dgwvIstsets to' HJdatss
[141]. uvbseohddzO hOttk CtsdHj dzlOlkE o dzO
odL @@y MW WsttdRkzdtss [ 141]:
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d=a* (1- J1-/ ). (2.30)

vzl fmj toj H dgw HsoyddzO ff jtej d3' M j dzdaw 0]
Ctsdzr | dzmtso Oizs i @0 dsT gz@j " v OCGHgHOYY”™ | dals
i jtcj dgesh jyomis< d, hts odff OQtetse z° Is nfwg Iz fiHstH
Bsdzy Czdz, M8 gl Bi6m oNE s ‘Migas, ¢ o fSdEOdsHsAz0 €

i o' HdesMdzO o tsdzse ' Mis!  Otetse OL s ts’™ M

fted HOd 2 IsPhiY Ok , =
I te' o d2PFfzdz% A(sH dla, S B L dz2ff Slskzy d2 Mis
Hy jtej &z MEBMlsOdzy' "-' |d0fusty jofj dds s | § @

ftejHmsOodvs 5! Mw odzzlste’ hdz' a3 H Y j toj dzOdsC
[ dzv odL dzOyg dzdzv " dzlsj demdo dzsmils® o df Ofte
LOMmsshse L @2y 9 § @ dsiog® @ dzO8 sH dlsd i
CLjsgd HjMBBY' S HA&Y HOdsct 28Dlsj o COd
ftcj HiMIsOo dIsd d=zd*d=aqic @Y &), L o * H §=fi(2- d), i g1
9 HdzsMdzO Istseo h d dz® ¢ © s ezs g dzflf @eljled<d* " d=1 1 tod

d>d*. 1 ©lsOdsds st odfddo0O' , &B & §jteh

U Hitkzes®Bz  jto’ SH' fMih ' dzdzv tsB' ' d3dzO
fso jtoBhNshEEst s' O fttOcd HEB dzcdzw o
off Otcso k' s Mqw. 1 Yy sz odfOHSE * dzls

CststcH d dzOIs d 3 L tolz ydats L &zZOr sHdIs( L tc
jdzj i3 dzls Otcdese s tsB' ' Bz, "5 ftedBJEC O HT

W,| KK, KRY,)

| =-D

p

(2.31)

) B0 ' dasj dedo dz' Mls: WOLtedR fjtejl
CEL O Bok' 5! 320, oM EHEBHEN &8 L O L&t
sjtedstsH d dzOd3' Quattls,”  Lied ‘ordpE® HES WOt Isj dsy j
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C s o3t tsdzj dzl€'tsoy dz' a2 stsyy' fsted Mistsg ts Is
T|n=o :Tc :T(X1 Y, Z,t) =T:

I, =g, [exdA/RT)- 1 "G .- ). 2(32)

vzl =eg/4aisBO’ Bded 2 SCBJW' y' “dels 9adf Otctsoe
Gieo" HdztMdzO o tsdzce ' Mis! § Otetsc OL so 8™ Ml

) ted 3O | BOLJydes Bz dgtsH | dzs o Odzdz'  Paekzw
LOdzj ydetsfls' o' H Isj &k jteOlkted L tekzydss €t
[130, 141]: P,=NyTexp(A/RT)- 1, WNj = const, weo f
PLoEzy j L IsOBdzdydzddsd HOdzd s . v® 10z de
N= O, 486cl/Ld ) BOS Md BOd 2@ 2 dBSCO o
9" H IsOB dzd y difg) & dzO dz0  j 8zdzt %.

{ MsOdzgg'd2 fftgdRo t5° Y 0O mlis d dzdn k8 'fnds @vediz)ddr 3 IS
f OtcOdgy Ste tcOn tefiOH C 2 C tsdzts’ H-es B M SO S dzez
l " HdzsMdzO tsB' ' dgddPtc jHHj Y I9A@eodgdny " W W Iz dzC y* & ¢
HY Oy "~ fEiel)@3d,)0re,)-1. s 5 diffstdzjs j daL 56O
e, (= 1, 2, 3) odL &zOyos¥ Is! 9 " Hdztsmdz fts
fso@bW L L € st tsdzj dzls O 3 : ep=jusk/ s te @ dzO alp ij3 Hzlizitz bz
Bklsd Hydsg®d?2 dzO thdese tc' o dgv dz Isj ted3ts €
1§ i dSts [ . w. [ 130, 139] L O Ekd&saouy
SB' ' 30 F 2SOy’ Y, to'fHOdedsd By W B Js 6O 5O
Lsodzg Ndz' » dzOf tlzg.

[dzv o dfOHSCE (tokzddscised MiseBzmPMmis | c
B dr Mdd * HJOK yddn jWjClk' o HjWit
HIV stcdsz o Odzdz? © HJjCOmBBolr Z2stEHJd&OIsOF(
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1(;0 -N 2(}0 2-~ (;o ) i @ (;, HX; 3—u (2.33)
Ha u,Q [ a U, |[a pu;Q [
+ + + - HINEe+36)]=0

uxlég;uxg uxz?uxig uxg?uxgg kX,

s kGG TCjW" Yy dsE/[20AMMEBG =En, /[1- 20, )L+, )];
n T S Wyt dzlE i IBis @ g wzelzO ;ff t\Ziy lsigstindsts € s dzy § dal
Wz g W=B(T-T,)+ A b, (W, -w,) [ 1309]b, i HGB ¥ y' * dals

s mpgsc s oY B ok agdg b, T CEJ W Yyt dzsOd  dz
b|y :(pxluwy)/x.

ANz dzC NS L dzOY0O' L3 dzz fdlstsdisets B O O
LO tOfbkdtse ftsyjf' o Isjfdsftetss HdzsMls
Nt R dAfspte) o st daday . 1 dzv  Is'283) dz® Y i ts s fj) Kl
OdzOdz' Is d ydzts.

Lasood{Mkh Lo O@dzdztsy j dets’ RO WISSd ftod €t
jdzgj o’ LOBJjLY Jjykze Is! o MO st Otcs o
5] B OO lds O o 5 dzis ¢ s @tz fisls Mesd W isdd sk B 5o * o
o' LEOd d MmMyshmisjtejyjddzv, y*' L& dzd KO3
Bsy 20 fted e Isd, hts

t SLWOR ZdzC tso Wit s HARANfigts 81 3 j dadz® H  dzO 3" €
ftetsyj i)' > Ote' dedzg? h1\Ode Iz distiz dgzd 2 o 4 OB &' s
RO BHEE o' f! Mddkjlte'’ Hdbv Csydsct 1
9 jtondz 5 CGwOdedyy ¥ W ksEs B0z HOPR ¢ ifsteials jOi s
f OtctssdPds fjtej Hiso dh j dzOy@rdzlR’  fdzeBred®0 .0 O® C
Gl Oatfifls OC Iskzs Is! L Gt ¥ yss 5o FOR,dzF 0, * (
Ltsodz hdz 58 ftso jtendzjs Ol BE®B ' dzczs’

L o' Hi B9 " Hdztsfls" HS Eddse y'W' pdiizsk
L otsdztsy j dats’ BoOwIlsCd E yYyOdzdz' 2 y Otetso dz
4t dshtz'BEp(MisPh 5 M tesh 2° s Mw:  ydzj dz,
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tdmMzaAsC | SLOREZdZS 59 O BB dZOMIs

GO jtc' Ok sy dz0 wfbkMmisdlsd: Htkzedd ydzj
BOMEY j toj desflz, 5o 0w L Oded digtsy dzl j tcdEE3P])s b
fj od desfp Mk MisOdzy” ~ (s § dzsflggls’ IsgOME Y H
HdMY j emdescts " Otslz.

sz ROk j BOsdyUdz0 disHjd Isjf ZsBonsy
odmikzh ze ®@tedzisy § dzts”’ BOWISSCd o Ctydtsdizz Y
dzO fr) el dari 16

o We T W, w T)0 5 0
c, GiT MeaD) MenTIG UG, TG G TR LI, (239
¢ wr Woos T s e s

U( 1 >|) H(W Ny >|) 1Ha

W, g, pa. pJ, 0
—a. r—2Ao+— A q- | , (235)
ut wr W rg o= WE@ w &
w, U 0 A 0
Uy | iUg)  B069) 11 &g &8 E?@U&gﬂv, (2.36)
it W W TWe T W= e WS
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HTilsj &Y j cOlsktc® o HAMYyjtehmdsde h Ok

Uy,Ug, Ui 8B " ° d3dz’ € Bdzetp] adelsitdagy  Otsd * (s
LifdlssdkO sjf dsksO odf O zo Odzdz” ;

ce T d W4 Clsdo dzO Isj § dz=cagdgtdfils+cUy+OQUgilz

i idWJClsdoadzO Isjf dzsftetse’ Hdz Mis: Hd MY

| =Y+l UL ey +1 U e+ U I

YitsBO' B0 HEsdzv ¢ M dzj lov=1- B(L-e My J o

DyiCStsj W' y' “dals HdWyzy = 3 ¢ sz sezj dzls O

Ivi ' dzlsj delmd o dz' Mils! BEOMssB @ dZz d3' 3 W OL

Wyl JWjSbdodzO hoadHG' Mis! L 8 0 Wku(kGedgfsr),
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YyOfn sydh jdedz2" o' H @' HtcOlstso Odzdr W smW
LOdzdh € o oHd LOdjydls! ©"' H tBO' BBz tc°
Jdzj ClstesHdes’ MdMmlsj dgaf d Is @20 o jj dizf G dpdeds H @D {f
Hisy' o' dets ' Histed dBBzo Olsd dz0 BOS id B3O dz! dzt
fwmts t' Hdded & 3 jdzjShesHO®BR]. usdk
LOdzj y Olsd o' H fMise tstej dats’ G' HtetsH d dzO 3" €
Hisfd Hd s ddOdeY OIS ydesc s BEH | dzé o Odzdz” .

-
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22. 2. ] "  HesHddzOd' ¢ O yYyoOfmlsddzsS d HBd3 bh
jdzj Shtedydesets ftsdzv o d3' ) J dzj € stotsH dats Blz
10 " HMlsOso Htczetsegts L OSCtsdzz 1! ¥ Istsdh
tc' HJdz

2b o 4L C
dr, 9nadrs 3 pH=o, (2.62)

degdt+_4pa3r
HJ TtcOH-pjXfs tste, d3;
i sLedzvdzgj 3 telzrn SO dz oLHBOY dz dg

] kOCtdBz odfOHSE §lsjdy Ok jdjSlktdy
ydds Ok sSfdmkz’ Is' MW ' sdWdzdgv &5 [ 22017 :

o)
x
O

(2.63)

o

(e
—~
]
N—
|
(e
N
N >
& 1
aPQJo < 1
- OO | |- OO

te)
Py,

Hlp-t6' LdedyY §lsjdy Ok o & ¥ jdj Skt
Dio  HiflsOdz 5 3 GMWod jdjClttH o, o
RitOH " & cjdzch(.‘:%)tglsH‘ o, &

1 O telzy §j dz° Mmis+ | dajdiLisda@igizEss o W svdRvic o3z dzt

E(x)=- —=-U,, — (2.64)
X 2¢x- D) nEe
cR
JOH" ' dzls dzOftelzy j desfyls'®  tsdzw :
a _y, D(27- D) (2.65)

12 o ~
dx 2@x- D) & ('Ihg%g
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I Mot dsdlkz dzj sHdzSE' HdsBE j dzj Clste

G' HtEMBIsPY OlIsdHd H' ' MddzOG, s LOBjJ L jyk®
C ) dE dE dES
=- Y i Bt
F,=-4pCy, Gr)”equZemg o dy+d2§, (2.66)

HE-T? MittintsedhOn/ &)/ ;d5; (3A10
g,-11 twjytsedded SBdz/ ®B) A/ &3, (60A10

E-H' s1yggOyj dzdzv o j S ltstelz zOf tekzy j datsfyls

I HY So WisdeEk2EH @GO &S :

C . oL 8 -8 a M €
F =4pCe G5 u “nge H ¢ 2.6/
J p M 91{"‘26},]?" U:E ( )
C . 2(om
F =-4pp, 8 2" Shy2 D*(23-D) (2.68)

| VY skE)d 968 ( slsted dlk’ dts2 daid ¥ g day dzd
f s ik yoOmlsddsSd & o906wLGEC 2 t' Hddz

d’R, 9 Adx§ 3. - emapc@Jl U2)§ » 2A-D

T — =0, 2.69
d 207 gdts - fr]e'u+2efnae .~ 4D 3 Qci:- D)’ &% (2.89)

Ad " adgWwdadzw dzj twtsLodwLE' sy Mw OdzOC
totsL o OV L Odzdzy Bk sas Migtdaggsodh . ftotscteC
[sted BOdzets L Otz hteOlsd tokzokz SO hodH
hodHS M o' H YO MizdoteR 2.2, ta GHHPS).. A" ts 1
L Opgs Mis® tslstcd gOdz' Hdzw Jjdzj SIstetsH' &8 t©OH '
D=10 33, &zOf tolzL ‘= 50208 1],dz] ialuh st @M 5 d ) s o3
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Cotflz@Isd tkzrnlz HdzZw 9COLOdzdr Ediise ME d
Blzdzs f§totse j HJ dzts CHISYES HABGR: t6 4G, 5dzCk 1j; dzj4 € 1 ;
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sHddzd ys yomkz, s fsHO Is: Mw o COWRJtelz +

Q,=N®, (2.70)
Hjo1@dlstcOIsd® ftsHd, d3
Niod3" mls otsHd ;o MmMkdk" M, o.t

Q-ftesHECIsdo dz' fls: ¥y Mz Bsydh j dadzw

[BO' &©3 osHd ©® tSHdddyr yofmkz, hts oadH'
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Q =p NG, 2.71)

H¥IhodHGC Mis! twkrk COf jdz2 otHd, d3/ f

diH' Odjjdgit& stetsH Iz, d3;

l-Hse )y ddzO J dzj SstesHEZ, .

1 ' odzgvdzdzvW B OdzOzMlEz o9 BHd © COd3d t6° :
N@, =pNQQ O, 2.72)

stcd @iz’ i3 o dOL HAZW wBLOREZzdSEZ L Oc

=3

l1tcd toBtSls' WdzslsoOy' 2 dets’ COijted o
sBO' Bz otHd o BHJddy®r YOMmkz, 1§ tso ddadets +
dzO Jj dzj ClstctsH OR :

vc%:‘:pmacmm (2.74)
HNitBO' o SO®Bjtd, &
1t tsLoOWL Odzdz ' 565 HAW jtej dzy' Oz

_pO@O

N:Noe v , (275)

HNoTf syOIlsStsoad?2 od3 Mls esHd o Mkzdz h ',
[ sted i3O dzj tc' 9 dav dzdaW Hislsg sty Isd ytiesL tc
L d3j dilzyy o3 Miskz oetHd o tdz' L Yyomsdz f°
Fkso O~ SO ftste’ adaWIsd L lzdzt sOI L §J St J
d HOdzd d3qd .
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22. 3. | HteHdd®&OB 0 fOttscOLtsots’ BLEd

[ jIstsH HsfMdz' HYy Jdedza" kel fOLBEOL S
sy © yYyomkz fwsls' COdzdgy ftetsyd Mz W dzslsOy’

] OlctsGg OL 59 Bzdz BO"NCd Elkoattes ‘ Isi Mmw
¢ c'B3j HO biskz O H S f so jtorn d2.20) .to' Hdddzd  fif stk
BOls j B3O ydzs' BsHj ' ok fOtttcOL S5
o3 hkz' Qfs®tcse zdz B OM C (. 10 dh j d&3s tc' o dg
(2200 [z daofFigls b ffdz dzv H

F+F, (2.76)

c 9

& _C ©
Mt

" (O0uccOLBots’ BRd BONSd bk odddv
90WLGE ' Hdded Glied Bz’ &s ' o dev dzdz? H

%I%(

r

n

= Zihs; +o(r.-r,), (2.77)

HpTftedmMSstej dadzaw o " dA detsets ff OH " dadzv , 3y

Lhih' dz dg' Mlst owHWds §Ottd, Sc/ &3
l edfEMC O ks, hits §OBSEOLEBes' Bhkd BO

stk dwsy jdis fijttj2lsd o' H o jCktedsets to

d’y_ o dy, g( ]
dt? 2ra dt r.*°

n

r.), (2.78)

Hy-9jtelsdCOdz dzO CtststeH d dzOIs O, 3.

t " o dgwaiZzepw Ww(o dzw Mty dz' dz' 2daJ HJWJ t
fsewWHGCEZ L M’ 2dddsd SCtsiW" y' " dzsOd3d Is
tcodzW dzdz?" MC ZOHO' Is' MW L L O Odz desGts tetsL o
Yyofmsddzadq SO Ctc] Hkets totsL 90w L Odadzy [ 2
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y+y (2.79)

HiyiLOcOd dzgj totsL @ 0w L Odadzg? to' o dgv dzdzv ;
yisGtej d3dd L 9 O0WL Odzdgw ' o dg¥v dadzv .

[ slted BOddz" L OCOdz dets @R toisE oW j B
@ 0C Is ffmdils o' o dzv dzdzv

o
T+ gt (2.80)

KSE S @is%%&;;,gzzo, ssdBz LOcCOd daj L o 6w
]

ftcOQoats’™ yYyoOfMmlsddzd BEZH]

y=Cge" +C,, (2.81)
it o dgdBEY BO' sCtcjd3j] twLodWL Odedz? o dH

(2.82)

< |
1
£

Cf M f Hls ORFSE (R sd 5z b d3ts | W' dz@odgtat

— ZQ(I’C - ,,n)az (2.83)

1 OcOdz dzj tsLo0OwWL Odgdz” o' o dgV dgdz? (2. 7
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y=Ce*" +C, +Cyt (2.84)

[ dzv L dzOR tSH Y J dzdzv BCtcj BBscts totsL § &9 d O dz
b s 2,06 yit,)= v, %(to):VOL ZO2Hj Bs &5 Hdk

Y_cger+c,, (2.85)

] " HiksOoadohd § syOlsC2ss), edese iz @& o idaf

Yo=C +C, 0
U, 2.86
V0:C19L+C3)'/ ( )
1 dzj L dzOn tsH d d3ts
C1=V0-C3!C2=yo'VO-C3’ (287)
9
zl2¢€ Odzj sCtej d3d tctsL © 6 W L OdadaV
:VO-C3eq1t+y0_Vo'C3 +C3t, (288)
12}
v=(v, - C,)e* +C,, (2.89)

[ dzv  tedyddeso s’  BwOL fisl0, JHd3, &E1956L0PE ©
slste@dgdzd W istedRZdz zOBd  sB EZH 59 Odg® MizO dzjOy dzt®
" H Yyomkz Hdv BERzd BOh ¢ tc'taddRe s t@@MO 3] L
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22. 4. | HiesBHJ®O®K SO CwOfjd otsHd o
)y fjtej B N kzo Odzdzy Qs H ' oAb zf, o
fsuyddOs k! tkoOkdm!' §'H H' ¥ fmddd vy
Pe®@Odedz 5 Mgz ©fsttk o6wL S’  to' Hdded
Hq dzOds' € :

9 C
=- 2—b2/7v+g(r9 - rc) (2.90)

Hjo-M "'ddz’ Mls+ &sHd, Cc/ o3
b-cOH' £ CwOfd otHd, O

stcOf dz7 eotsHd " H H" '8 Mmddzd Iswy "' dadaw
By jBs fjtej2ld 9'H 9 jShkttodsds ' o dzv dac

d’y 9 dy g
i A N 2.91
dt? 2r@®dt r (7. r'”) ( )

t ' o dzw2Rtv w(o dzw mMsBtsy dz' dg" 2 day HIW St
fstewHCE L oMl 2dddd SsjiW' y' ' dsoOdikd Is
teddzW dzdzv MC ZOHO' Is! MW L L OGCOdz! deseéts tetsL @
Yyomisddzd kO € tc]j d3FY 5221t s dze O WsLis@sfdBO dzz™
L o 0w L Odzd291) tc el drOBdp@BEeC B se¢mMBEd ydsj t' o

oh
2a’r,

P+ _g=o, (2.92)

KEG S é@zlstz%%g}z",gzzo, sSE @G dZ)c L 0 6w L O dadgw
ftcOQots®™ yYyOMmlsdded BEZH]

y=Ce" +C,, (2.93)
t " o dam2@l BO' tCtojd3j ttsLodowWL Odedz?" o dH

y=Ct, (2.94)
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[ dzw tcz2 dzz o Odzgdzy Ctsdi3f dzj S ' o f s d dzdzO

A=s(1- fpsg) (2.96)
Hp,.-fSo jtendzjoj dzOlsw@dgj dzdzv tsdz' ° dzO
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g2=- 9*nu./(2*a2"2*rp)

g3=- 9*nu./(2*a3"2*rp)

g4=- 9*nu./(2*a4"2*rp)

y1=((VO - Cl)/gl)*exp(gl*t)+y0
y2=((VO - C2)/g2)*exp(g2*t)+y0

y3=((VO - C3)/g3)*exp(g3 *t)+y0

y4=((VO - C4)/g4)*exp(ga*t)+y0
v1=(VO - Cl)*exp(gl*t)+C1l
v2=(VO - C2)*exp(g2*t)+C2
v3=(VO - C3)*exp(g3*t)+C3
v4=(VO - C4)*exp(g4*t)+C4
plot(t,v1,tv2,tv3,tv4)

- (VO - C1)/g1+C1*t
- (VO - C2)/g2+C2*t
- (VO - C3)/g3+C3*t
- (VO - C4)/ga+C4*t

Vlaor 1o 1t(0Qw®Odilaz' )

t=0:0.01:10

y0=0.00

V0=0

nu=0.05

b1=0. 00005

b2=0.0001

b3=0.0002

b4=0.0003

rv=1000

rc=960

C1=19.6*b1"2*(rv - rc)/9/nu
C2=19.6*b2"2*(rv - rc)/9/nu
C3=19.6*b3"2*(rv - rc)/9/nu
C4=19.6*b4"2*(rv - rc)/9/nu
gl=- 9*nu./(2*b1"2*rv)

g2=- 9*nu./(2*b2"2*rv)

g3=- 9*nu./(2*b3"2*rv)

g4=- 9*nu./(2*b4"2*rv)

y1=((VO - Cl)/g 1)*exp(gl*t)+y0
y2=((VO - C2)/g2)*exp(g2*t)+y0
y3=((VO - C3)/g3)*exp(g3*t)+y0
y4=((VO - C4)/g4)*exp(g4+*t)+y0
ul=(VO0 - C1)*exp(gl*t)+C1
u2=(VO0 - C2)*exp(g2*t)+C2
u3=(VO0 - C3)*exp(g3*t)+C3
u4=(VO0 - C4)*exp(g4 *t)+C4
plot(t,ul,t,u2,t,u3,t,u4)

- (VO - C1)/g1+C1*t
- (VO - C2)Ig2+C2*t
- (VO - C3)/g3+C3*t
- (VO - C4)/ga+C4*t

' HYOlsts’

tedyd dztso s



354
[ BHOItsC



