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ABSTRACT

SkorokRadi RinNNdaurted sepgmegatt-Can aeiddaNikree
met al TMMahoysript.

The thesis for the scientific dedgre
physics anid nasgtirtawuntcemy.f Applied Physic
Ukraine, Sumy, 2024.

Theehesi s is devoted to thiendegaetcnde
in concef@tr am@liFEal | oys based on a s
di fferenti al equations, numeri cal cal c
guamntivtta characternduced 9oégrmragatitomnu
conditions and theoretical research of
at the grain boundary by the Ostwald r

The paper rpatessresntrsewvai awtcef | mportant
of the phenomendncefl sadragabnon (RIS
The main mechanisms of RIS and model s
are considetrald. r €&xgpletr$s meagar di ng tahned

ot her component s on the point def ect

boundaries between-bpbbasiea)] | vyisdsndetci

The RIS modted atfeod metnalenal | oy s, wh i
second | aws, taking into account the I
this work, this model was wused for RIS

accuracye tihre tcthemangoncentrations o€r cam
FeCeNi all oys. The mat hemati cal I mpl e me
coupled nonlinear parti al di fferenti a
conditialngar iTthhem f or solving the syst.:
geometry of samples with constant thioc
e

guations was sol«€ed amGthidreat Abblyg 1ULoade

rradia@aittiioongomor the experi ment.
For -cdmponent concentrated met al a

characteristics of RIS were highlighte
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of all oy components and pointatdensecdfs 4IF
component s, the value of surface enri chmi
concentration profile of atoms at half ma

of at oms and the discriminamtotkRl $ hat a he

Il mportant characteristics of RIS are the

and surface enrichments, which carry the
composition of the alloyeapdramentdirectl|y
Il n the paper, the computer simulation
di sl ofcrage omna mp I-F9eGr oafl |tohye afhed i n sampl es w
densities in the dislocation subsystem.
For the -disd olcagd®dCGnoaltbyg, the i nfluen
rate of PD, the received dose, the tempe

governing quantitative characteristics of
for ©OICeg Rd | oy, ctomeesiunrfaa¢ on of Cr most s
vacancies and interstitials migration ene

For t9hCa FRd | oy, the process of reaching
i rradiation dose i swhlieambbniss$ r ab s dl=\idepthaec.a D u {
At the same time, the concentrationtprof.i
D>1 p a. |t I's shown that i n the process

steepness of thef Chre cdaeceeasasjomangr the

concentration of Cr, the segregation ar e
profile of Cr atoms at half maximum enric

| t I's shown-9Chatali oyt hwi tFlerencrdedsdsiurs
processes "blur"™ the concentration profi

value of the surface concentration of Cr
temperature and then significamtlhnedsesaré
concentration of Cr occurs because ther
relatively high PD recombination at | ow
temperatures. A qualitatively snumi liar atl e

observed for the segregation area of Cr.
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profile of Cr atoms at the half maxim
i ncreases, and then approaches a const

't was fouhb®d9eCrkaatl |fooy, with an incr
radi atkhbon hRkDconcentration profiles of
temperTa B uOtAlse concentration profiles o
characteristics of the RIS mentioned
production rate of PD, di ffer i ttl e.
surfaceheent of Cr and the segregation
rate of PD initially increase, reach n
the discussed dependencies Iis assomiat
PD due to radiation generation of PD
high rate of anni hillkti heovalPbe adf ht
concentration profile of Cr at omsi taht ¢
i ncrease Iin the production rate of PD.

It is quite obvious that in the mod
on the surface of the sample iIis equal
weakened compared t oodyma mimoalelly we d ti
concentrations of PD. Then, as we hav
temperatures, the effects of RIS in tfF

The effect of the di s9Q@rcadlilomy sarmbs
guantitative characteristics of the RI
Cr for alloy samples witjihh=1W6aIlMteshFaft
di fferent received r adieat iodn Pdo sveg ea rac
that i-MCrt heel IFey, wi th an increase iIin t
subsystem of the alloy, which is a na
This | eads to ai drecfrlemxses inf tGre and f Re
the diffusion fluxes of PD, and as a r
and segregation area of Cr. 1t was est
hi gh pr adeucotfi onadrisati on PD are factors
steady state of RI S.
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The conducted modeling of RIS and cal c
steady st-a20@NinatheyFendicate deplandon
Fe under irradiat it20n8rio nali It o yo,n st. h & oirn ftlhwee

and production rate of PD on the govern

l nvestigated. | t-20&N$s hawn otycath bie marfubb®@ra E e
and Ni Il ncreases with the increase of the
of RI S.

For t2h0e@r¥ie al |l oy, the mutual I nfluence

temperature on the concentsawaenapsofi hes
It i s shown that the effect of an i ncreas
profiles of the alloy components can be ¢
a relatively small iiscdweea steo ithhd eanprap attiutr
"blurring" of concentration profiles due
exposur e.

Model ing of RI'S w&8 Nicaadd@gwWeoatl | ogs Fe
x=19; 19. 5; 207 . 2,0.8%;; &.15;and at=7t;he vacan
for #210&aBrNHe al l oy, as wel |l as calcul ated f
y. A comparison of wvalwues of surface enr
wi dt hs of oomopcemnitas at half maxi mum enri
Fex G8 Ni a-prdgmMe all oys, which were calcul e
vacancies migration energies defined abov

A comparison of t he res-bhsedyosh| WRItSh
experimentally obtained by other authors

The | ate stage of equilibrium segregat
according to the Ostwald ripening mechani
precipitates icf tdhenewlty Apbygseemnnsoifdemgad.:t
descri b&«s$ nedainntiastceed of | mpurity atom i mbed
of OR of spherical precipitates on the gr
of the eaggwamtihonmr adfe of the precipitate, t

size distribution function which i s nor ma
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of the balance of matter in the syste
conservation of matter takes into acco
solutions of the grain boundary and tF

The asymptotic time dependences are

radi us, supersaturation of soli d sol
precipitate size distribution functi ot
unit area of the grain boundaryp,),ttakes
area covered by the precipitates per
of i mpurity atoms in precipitates. ¥$he
a characterdismencsiodnalheOR wporoonb loefm.t hAe dl
of obtained results is given

Key wordsi-andooed S eny rcer goasttinoung,tawn e
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tdm. 1. 8. s sdzy jCdals tWQuedfBntigtiss] it datf's M dzOo OF
Fdiiseo s tgdhmdddsdy oL wisd?2 L twelsd [

1.5. S ¢ 7AL MisOH " W mMictej cOyY"' Htsd3' P € d dz
I Mlse Odz2 H O)

codhj twye o Hdesdls! MW HEt dgjtc’ o datso Oy dats
st dj dedgv 5. 1 it mMdyd desd3se Ol sBOBRd H A
odMsCdr Isj B jtcOlskztcOr o' HBEZO O' Is! M| . Mikitcj G (
ftcdLotsHdIs! HitS o B Gds@3) Jn iy dEBdgjz" wo dh | dzO L
o' odatso Oy dgts Mjcetej ceOy" 8 ([1B8)o.. Idps@zs@ el f) v
BOIstcffydzOo o totsL cdzv dzzlssdgz ' dzlsj tco Odz' Isj 3 j t
' HBEZOo OB Is! Mw JtesyjMmMd HJWEL' ™ 2dtscis. § dgj dedst
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Ctdayj dzste Oy’ °  HBB NCfsagEx iz g dz] i3 dass p i ldHo
9 HfBo Hdzsets HoBBoadd tdetsets so jHBSES L
dzZso s’ WOL(.

v oadfOHSE fjtjMmMduj et fypdBHEGEE tfs
8 &3z LHjtclj oz T T fdelisihAdddEb stos v Is! fmwdztoed' . di) G
f° Ld 2 Mmborn’ " f jregdydrufnCadz dg@dizd dgo PriEai)z «
o’ PJPLHL OtesH Y s I§ lsfyvin, B & o Pt tsYy Jnfy B to tief s 4
odH" WEdg dzh g datlzts L d3" to° L fzif S &z) @dzy ' a3 flzdiz® d -
9900, s ttc@®RerRifmtsoig OIs dzj tzlzs > ,dediCsds? " (d o
[[). Aw Bfiplst@H o' on S 13 040D Iste .O b HASAH S H | 2P0 dzé
odL tc o Odada” [ MlsdDUz8 hB@dets(old ) o dgz Istc* h dz' s
f sfdz' Hiso dats”’ Isj stc" 1] Blkzdzd L OS¢ d&ZOH | d&

] O dzgj 6Q [SIsiyE]d. L stk kjste’’ WOLssadR §Jte
' Ldp S5 sMIVOL sotscEts § jEABOHE 1 tsHk (HJ

s fdlsody , w¢'ls jtddda' codtyda Ot C dafj L3O o C
BOCOIEC iy tsdzj dAdalztcr Byt te" dfjfgzoad®s Is 02 it o j
[147-150) t¢ ' s fls @ tzh o[BS | [ L b & il 52D fiadas i) i
o dzj etsL B Oo9 dzj dzd » ,B ' ezOwdd[— detftatafsdz@as’ o
o OC ORI Q" fls € o OdzIflBOYIHA,) fs sfude®@MC d = § f {550z
156]Is © dzh *  f [d48-®1dB7176].

zodHG ' Mis! L eisilis Odzdatizj & @ isdtidmidats @ Kifsz@®dz!
B S tetsis telz AslEgjtndO dg’ 1wda’ | fipfdzrdrplsafes sthdslz y d fa dz’
fls Ote" dzdzv Coligj ARl IAR A3, A77).

ldmdzeso € d HB ttsLH' dzz 1

[ BH J dz¥ 9 Odgdz" { we dzO M! SetsHdz 'Zt© Oz &
M zOHE MY dzOo9 Iz, w g 9 HBEkOOE Is! Mw LO Ik
lsostej dzdgv o dH " dzj dz2 detsoats’™ WOLd SO fwedlL
' 3 ydedr o zOMmlsdetsfmisj?2 Mmf dzGe ' oa. wL d Is,
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©O fjodi dzdasiir ¢ dp' sz dzOf tew RSz *° Ctsdzts ' H
L GdzW dzkls' bk Y jtjHdy 7 tsBkOR, LCte] BO:

1 dzj fteso jHjdes Codsfdj Chdses ' ofj sty dv

C'dz' C  fMdzdn R OOSCIs] ted-Bisd Is-OrfNFe 98 H fi) tff ds@YeDd
S tesd3 dzj dsda'z HEO odstO Y ‘' ts daO@ die RO deth D) dffF- { Huts L
hogdHOEfMPSSHEZS Zo Odzdz?Y w@PR SO s j B j 6OIskts
HylsOdz! des dzj fJtesOdzOdz' L so Oded?2 of dzdeo H T
oL dzOyOdz dz €' dzr ' Mz’ " OwLOSIjtwdmisdsd
B ssHOB] StodRfoslsjtodisets jogism j dzt ©O dzgded 2 dzp
hoadHCtsMIs' ftosHisgE Q@R o dz0 € sdzyj dzls t
CofRf sdzj dzgls* @8 Mf zOekz L O Ekdtse Gftetsd3 dzj dzdz
f OOl sted MdBlzdy y' 2ded- J MY Jjteddj dals™ o
Ctsdzyj dzelsteOy' ° M zOokz o SCtstef EMOR WHj todzd A
dzj ftetso jHjdzts Isj'tsHoy jlsoridzts dftsS L daitsdjdz fls OH
[fMlseo Ozt HO) MjcteifcIOl" o d fhiBlERS tt€ jdzdztzO® MY j toc
odH' dzj dz? detsets’ WOLd, t' ' fils wWCdEBEHKR Sz
Otz © Htsd hCd o odH' dzj dzdav .
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tdrrwf 2.

FLlrefstovyvce twe 1 ol fsff VY1 tuiIrdm rRsM 1
frovofrlrm vl ¢Crom Fe

2. 1. [ tHj &S sid3fusdeyditls dzd - S tsdzyd dzlstetso Odzd ~

[ dzv L tekzydesfls' o t' odzgWwdzdzv 7 t we € tsdzy
YygdgmdzO Oltdy' © yd 90C0dzm" 2 6 o' Hdetsh j dz
C.=N_ /N 0 dafj uydmizsds Ol o OB RBE=OG/@,dafy 2
m=12,3,..vi N T ydmdzs Obtd o Yy, NOCIPHERO 1@ dzfjfighs
Olstsdz" © fiMf @Bz M dzOo k2. 1 L dz0yj dzdz8® d3fg

Vtot/N ]/Cv
= mo =T 9 dzde ©O° , hts HBdzv dz(
NtOt/Nm ]/Cm dU q I'l.qfr]

odL &zOyoO' Is! mMv o dtOL A3

W :\/tot/ NtOt

C. = WG (2.1)

] " HE sdis sOCEY, hts HdY Lwkydshls' o Is
Codf sdzj dzls' @ MY &zOo k2 ted sCrs@Ogds o dglz s thiptey | odzlsC
Bsdvtodedn HEBdY T,

2. 1. 1. [Mmdese dz' S B dgf gzdal dzls dad = H Szdgdz\lS Qizls jtoot
M dzOo OF

1 " H Wg® i dz¥ o O dzdz™ t we 9 CsdzyJ dzls ehse O
L Ofis st aifsHgdB®fy! WSO BOLE k! Mw d&zO § jteh
cONzo Odzdz d5 tsB j tedzj dzts@isn i &rj $eskKis [ Hd1j dizbl@
81, .17t83L & 0? tefstissdz] dzlsdzd?2 Ctsdzyd dzlstetso Odzd -
e ZOH O ' MW L k=DK3sdN.o uisittlski-t@fss® g ts
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Ctsdeyd dels e Oy 2k Qx5 ® OO RGPS &' yobkL j dzr dgd = ©
(i) CG(xt) L OHO" Is! v  kyeRfpldy gBdzd AL dzjHdf'V dz'ted) dialyn O dz' ©
e odgvdzr E yOmMbd@dzd B 7 55" Hdzd R

?‘ﬁk: pJ,. (k E2.3...N)

\

1HC, _

b= 21, K, RGG 2.2)

|

TuC _

i gy K, RGG.

o o K RGG
H 5O, (ks * HOd pdudy bR S dzn QBB w1 Miptcisizl
RICEJW y' ' dzs tjCsde' ¢zOy' ' o OKO&RIHCISBIs G

ftocsHEZC o Odzdz? tOH" Oy"' 2 dzd ~ UrCV(i)(Jx,t)dz@g‘ is jf Wisgzr ¢
fstewHS & &j dz"j € tdyk @EBPUdzef OESdOw, MsislsE!
s BlE] ftod Isj GH3PMAOIELd JHSsMis' fisHEZS 2o Odadz
K,=10°L dzO/ ), dzOBtOdz 2 DitiL 2O ts @ & figy dg dzdziiz' |
Ctsdayj dzlstc Oy ' 2 Ur Qy =tsHet2203 Tk o sz W: te dzd - Htsd
C=1514310" s dzw tedzgf »  HBdz ), bOSdd yddetsds L HE
By 2O 99 Oy OIsd, h ts

5 C =1 (2.3)

k=1,2,3,...,.N

I dteOLd HEZYBYsslskBichlz @jsBNC si] sdzj dalsdzd 2 My
By dz0 L O dmMOIsd w¢:

J,= abpC, €(d,BC, d, i), (2.4)
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o

a ..
J,= DPC, aCz & d, DCk ,( (2.5)

\'
(;k=1,2,3,.. N

)= DBG aGa A 4,85 . (2.6)

(;k-lZ 3,...N

HiD @ TS W y' *daisd HdWiL k' & s 8y Elsi o
C' dgj sdydze ECdsijWf aye & fddisidq 9 ¢) £ 8B tsdzj dzlsk, & € 'y
HdWEkdH 28 Is! LO 90C0Odem" 2 ded B ° B ) ;alziL § «
Isd td3sH d dzZOd3" ydzd?2 W OSIstste. stsyg W' y' fdalsd H
o dcedzv H

D dkav +dK|C:| (27)
O CjW' 'y "daelsd HdWkL" " ur:
D,= & d.,Ca (2.8)

k=1,2,3,....N

I'deord Hdav €' daj Isaf st~z = JOW" ] O Isdls “oo[ W19t

d,=dy exp% ‘ (2.9)

Hgdo, T 6 tejnj ¢ Q] doOR sitsjtedzj o6 " W d3' & teOyO
Hef sdBsesy Ok, fyls Gpsds skt Iy ZGHPKL Ol z 0.
jCsdE' Oy HjWjCl]89ddL dzOyO' s v o dt
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Y

=g A (d, )G (2.10)

W €=1,2,3,..N ‘

Ry

—

Hy, TteOH' £ toj ¢ &MEENjdeQw'dZ 2u @ kst sdzfhY OB °
IEHjBs 92903 0kd, hts Hdv (sksC's SCs&fs
o dCtdz’ Is! W [Eik&p D7 8 P &zO dzikz

3 J.=3J, I+ (2.11)

v i
k=1,2,3,...,N

16" 9 desflsijdz (H2zf Is1 )o  fd Mmisj o&5° (2. 2K+1 tdz2j a d@ajzop'dzd
(ssBlsts 9900 Is! MW, hts HdWkL' v Obsd o o My
B okl jdz dzdddd B -~ Odzg’ L BOBd, O ' de" dd&Bd B4 - Oc
{ séva by yd Mmdflsjdk t° odde (Z, Dt s fi dat
i=12,3.N -, 020C@®&H A okl j dT ddk sdsjsdgsteoy’ *
st E, L 202 Hj & L kdksed (2. 3)

c,=1- & C,. (2.12)
i=1,2,3,..N -1

1 " HiMsQoadzw e yd odtwOLd Hdw-( 2ndV)zL o 2 tizgd His J dg
sHjtey ddiis MYyinB@dedisk wdW jtoj dzy’ Odz' dzgd - NMi'l o dzgv dz
Coi3f tsdzj dzlsC 0o NG WG 1D kL j dz2 ®d~ Olstsd3’ o
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D:

Sc .
}E?_ Pg aD B G{d, B d¢-8) 4! 1.28...N ]

i X . 3

T UC e a . 0o

ILe= PERE, atm A d B @kt REG  (213)
I e Ck=1,2,3,..N Y|

i X . N

~uC e a .. (0]

llL: DéDEC aGx 4 4, B K+ REC

1 pit e Ck=12,3,..N -J

HBHOISCtse ] MY " 99" Hdtsh Ndztew C & BYAs dz) fzls e

Mdmlsy B0 (2.12), NQ-EEY dzjifflsqipyis’ C{swzy J akls t
My dzO9 O~ .

2.1.2. 1ByOlSisses' IO ctOddyd Ezdised HT
BjlsOdzj otsets "N Otk

Il EZH &3 990y OId, Mt LOLBSC MfdzOslkz wo
(, wed2 L O20BRU. (sdzvizOtisj to ) O dzd@ls ais Lotf S H Wi’
ftoesmistste’ Ond@ded BBOH AW j toj dzy’ Odz' dzdr to' o daW c
tcs@a o OdzOMWY L odSittdMmisOdedz" d3 o' HY 59 ' H da

I EHj BB 290y 0OIsd, Mt o (tfFB QB K Hf T ety |
o d f ORSHS odsi’ t5 s A O L S b2,

C(x1)|_ =<, (2.14)

O Ctdyj ZEK@YD HEmo b OGN OB Yds te' o dat

eq
Cv(i)

C(x ), =C" G(xd,=G" 215
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[ dzv s tedisH d dzOds' ydats to' o dztSGi'Ols GBF ~f § & ©dzy j diz B ¢
©ZOMs Y dz' [ ¥:81e d3iz dzq

o f ~ Of
qu:expge% gxp % (2.16)
o = BT
Ceq—expé B (2.17)
' EiT ! |

HYS 7 j dalstetst " W WistcdszB O dediaj toaw O ¥ O dsfip'tetylz £0idzdzy o (
jdzjtee' v Wistedzo Odzdz 8" yobkLjd dzgdr Oltsd o.

1 90y 0" dftsse jhets dz(x=0,58¢ .'COMsSC ORd uvr kOCHE’
s Ctdyd ZEHLANS A (xg)fo BjLYBMjtejHds 2 BddL! Cf
LB des st v fiod Sftesd d) deiso YsjOkzdsd s 6tz dg Yy
' o dzse O dad AL GOy julmEX ) o Bz dzs ' Bs dzOMiskz 1§ dz
Edstse d:

C,(x1)

x=O:C€q’ (:'(X’t)

= (2.18)

{Me" " &z € vy Gjdzj elz¥ Is! MWE dsin dastieOH s, 1 tfstc
99 0)0Is(d, hts L OHOYO MmMddjxlsl [ ydéGs yaj', H dats friffdisH Afc
BEZHj BBt tetsL Gdzv HOIsd dzdh j(0¢ez¢¢ 7 O daiste @HiZEZ' dzlste]
Ctodazlgtc Oy 2 o f dzsh ddz' MmMddsj ste’ ° § s5C dzOH j d3ts 16

A4

_ m(xt)‘ _ @(ﬁﬁ‘ o (2.19)
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leOosobkeyd Ij, Nhts Obts®d tj yss dds
odf Otetsolzs Is! v L dz sets, Hdaw(x¥ s g bzl BOY

L B J togzy J tiz] Ysle9d] dzd
' 0

ﬁuk( X)t = UK\

O , (2.20)

7 7'|t=0 )

wed?2 o' H' GO ttsdz? HBHOLSBO B ¢ tcOdad ydat
2.1.3. ljitwjloatstej dzdz?" MdMmisj dzgd ' o dz¥v dz@ [ L
[ dzZv 3tsH J dz¥ 9 Odedz? [ wed MdMiIsj] &3z tc' 9 dgv dz!

Isn i ftoshMissteso "D Es&igd GO o' Hdatsh
m<¢ "' dayj dedzd 5 ts aflSIs8dad vy

_Gu-G,y 2~ = Gu-2G G,
BC =21l PG 1, (2.21)
H dDx = )T CtesC  to' L dzd wjdesdsd M. MER2j jiga))] jdgtste 8L o'

C' dzj bdydz® &J5d WB YL CRASBISORED MY BPB 50 Odzf ¢
C@ ftjHMmisOoaddts & osdedvh'

t=o) (2.22)

c;=d,G, C=dG. (2.23)

v B0t OCIsj toded 2 YOMD/KY totsd3’ dzj dzdzw



56

Ax 02

Xo X X, Xv-1 v s

tdm. 2.1. wn]j BOBdyUdzj L tsBKOY j dzdzW

[ dzv L tcbdg@ifijdsOB 59 Odz' SCtdeyj dzlsteOy' ° w1
Y d dzts o3

v=C, | <. (2.24)
I tjLizd O’ L OL &zOu(MdZ4 ) jtoH jstessdedgsz o d 2°

Modkj HdAdY ydhdssd: ©6LEORkdS o Ssdyj dsttoy
x=j:te' odzWdzdz" HEW tSL©EORkdSE Stdyjdstoy' ' f

uC,,; _ (a- 1)(N
" 4

a+1)(N 4) .
+( )g ) @thlj 4 -ClJ- 1|j 1 ij’ Jj+ L -C-|i, !‘ )

ta(N 4)°8C,.V 2G,¥ G .Y g 4N )7 +@ 4 2G5l G b
- (N -EL)ngLj\/jﬂ-ZCLjVj €,V gEN 1)'2F Rl 26 G ., |
(2.25)

4)°
) scl,jﬂvj 4 -Cl,i 1\11 1+ C:Ij, 1Y 1 - Gﬁ 14\/18

to' o daW dzdz¥ H dzvW tots L tk@Askz Sk SstelzpZsdzls tc Oy
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2 *
dkv A
d*’ g:k’jﬁl_\/j 4 j ]:j 1+ j 1\{ Q—j 1y 8
1v

a+1)(N 4)°d, .
( )Sr ) dli’ g:k,jﬂlji 'Ck,j llj 1+ ij 1;+1-Ck; Jj 18—
1
Zd*vx 2 i
(N -H') dliy SCMHVJ' 2Cf<,j\1/ QJ 1Y 8 6(+N ]) k @k J+1J J J -'Ck,i -1|j
1v

dev‘ 2 k|
-(N 4) = 8CG Vi 2G,V @Y. Q(NJ) G 261 6w |

(2.26)

' odzW dgdz" HdZW L EOREdS o @O PUOR 50 Odz

}e(l a)gN 9 ( - dy, )gQ Ve "G Y B AY . 8 Vg
\"4 . ‘
e gl e ey s

-a(N 4)°(d, €,)8C.V 2CY GV g

+dy (N+1)°8v,, -2V ¥, gD

4pr. L2 e . % « . . %]
- \[/7\‘;/* é a (dl,v _dN,v di,i d:ll)QJ d(\',' q”'"—l){ },
1j ©6-=12,3,..N -1 G

(2.27)

o' odgW dzgdza" H W oL tORkzdSlz dBROMh IsOB s Odz
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ela +1)(N 4

|
RN I 1) | TEURIIR RS AP Y

| .. . ).
%: a é '(dl,i elN,i)(N 1)+§C|:,j !+1 ZQj ] Cj, }"-1 g :
1=1,2,3,...N - 5 . . |
1|+a(N 1) (dl,i eL,i)gC;,,-ﬂ; 26, G+ g Jl

+dy, (N+1)°gl,., -21, K, gdyD

+
LN

4pr > € .. . R . . o
) \/ZAV* é da (dl,v -Oy el:l,i d?n)cr"] ¥ d\u"'l){}-
1v €@=.,23,..N -1 G

(2.28)
2.1.4. 1dLdzOyodz dz¢ S' dz §' fdz' R OwOCIlsjtedmlso
[ © d L dzOd® dzdzecr @O C Is j to cpf lakfjSls Ordzjo B H fdzzO o
9"  HdzsMdIsd dzOMiIskzy dz'
1) Stdeyj dzlstcOY' 2 dzd2 kf oY dzr Obtsd® 9 Mitels
C, =G (x1); (2.29)
2) Ctsdayj dzlstcOy' 2 dz' ' df' ool Ldg' dz! uoled (o GBI gz frp' )2
C,=C(x1), C=G(x; (2.30)
3) fsojtrndsgj o0 Ctsdeylf dzelsteOy' W Obtsd o Mtstels

G (1) =C(x 1Y) (2.31)

x- 40’

4) fsejtrndzjoj LBOGCOYJ dkiz" (LB' Hdz dedz") O
DC, (1) & (2.32)
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5) 6fgj cOY" 220 § kSMfAzs) @ ¢J dzle@®d, wCO
C.=C(xt)" §tCatclo d3jO¢@R(t)] 19] :

S = ﬁm\ C(x9 -G dx (2.33)

Hil(t) T o' Hfls Odz o' H YHxO)sik SttbGdddgls] !

C=C(x) 50 { tey=ugk’
6) ftsodzO hdttddzO € sdzyJ dzls tc Okylz@ dids cotsdz'ff o
BOC M BOdz' desc s L B OBVEHY, (zfizu | ( L w1 d tizgp dzdzt! ) h @
7) HdMCtdd dzOdzlsk [{ by, OmsSSd3' » Mk

- (2.34)

D, i ojddud @O oCOLE' 2O {f [ J0pDazso jL BL ®
(D,>0)j dzj BkizlsBlsOY' sdOtedstsdBz tojy dds' t we. |
D dzfj LOdzjydlk! o' H "hKJHECMIS® dzOBSBGEZ HTESL

unj BOdydts o dL dzOYUOd dz' ' e Of tda i lsHO®
tcdfm 2. 2. 0L dzOyd &iz3t5, hts ROLOCIkjtedmisds O

t we .
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Csurfk
FWHM,

-

St

< 1) ——

{di. 2.2. L6BEBISdzuaz] o L ZOYOd dzd R €' dz

[ we .

< AC, 5]

2.2. ' oddzdz" Fe@QEr v O BHE O o f OOk sted dst

l esfMis@hps® 0 jotsds y' v ¢ 6dby s tc Goyd WO daBls t
C(xt) " & yokLj zCrd)rf  OlstHds ‘o8 s tetsds’ dzj dzdz? o
Y ZOPPR.OH O Is' W ) def) o jdeisiy ; G} o

KCe, _
it

i IC,

t

Y

Dg &DCr EI:Cr (dir v m:\/ Qr,_i Q) 9 '8

—>—> = (D:

PgcC,(d,, €.,)DG D& gK+ REG (2.35)

O'C

—_— = =) —
=t

= PgaC(d, do,)BG DB gK+RGC

stdzyj delste O ECY (xBlesdglrd ! 2 Istsyyx' {ic-tsfiAd® tc s d3j dal
yomigsy 4 BRISd odL dzOyd detste L o dOL Iz

Cee (X 1) =1 -G, (% 9). (2.36)

gdMmlsj 3O tc' o dav dz tweg (2.35) wOLtsd L (6
(2 .-Q2)200BLPPO OZOMWY ydmj dz' des. 1 da" Hd&ZO MmdMmls,
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tcOH' Oy’ 2Klgd -~ dzOB tc Odzts’

sBjLtetsL o3 toj dadaw
CELE®REOT SLEOREdSd o j FéOdds se b2/

1) .
H 5 D]

dzO ) Is iz f TzRORd: K, =10° L dzOD =i L dzO

t=10°c ) .
1 ogtsH j dz8 9 Odzdz

(hts o

BOMh IsOB ko
@adss
;P O0MBtdzds 5 fosfiststeso
N, dzO"ej edsWis frijdsj" d3tf{fj
t5 Ot LA g adagizw dz
HO

Hf so
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F eCus badzdf o @ as@H fls O dz'

w g dzOo j H J dz' 9 dz' IsjtcOlsktcdzedr HY J 6] dzOR
sOBddY™Y 2.1. Jo'Hd §O0LO®jlstd HdEe
Cr .
| Jq’LdzOquzdz_,W g dd3e] 1 dzOyd ql sfpd dz
[ dzj 6G " W wFli_?,é'thBizBOgizdeot e 5 0l (181
[dzj e W WisteszB©dzd E., 1,j6l [ 182
(dzj e v 3 ctcOyY"' ' Fdg| Er, 0O, 35 [ 81]
[ dzj @' W & CBOY E", 0, 6§25 | [ 81,

1 jtejH] SMY sdzj dzy’ Odz 0
% oL ]d dEE Ol d%, |6, 59dt( [ 184
1 jtejH] Sy sdzj dgy’ Odz 0
8@(;@%]!2 dFe’V 5,9?@3/1: [184
[dej GV B .0y’ = Cd| Eg, 0, 28 [ 81]
[dej 6" W & c€OY"' '| E, 0, %5 [ 81]
l jtejHj CMY sdzj dzy’ Odz 0
G okl @D Ol do,; |6, 8 5d#t [ 184
l jtejHj CMY sdzj dzy’ Odz 0
5 OC OGH)' 2 deev | 5, 4 6t [ 184
[ dzstots ' w Wisttdgzeo O( 1,k [ 74]
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{ sLedzvdsj i3ss MW jted ydai o dH R=F iz lizts ovsC | W ¢
fijtcjlsddzO' Is' Mw [ (tedfm. 4.1) lsOd B@jds o
fijtejodhz° tOHd¥R). o dH' dzj dada™

s to' o daV datiz® dz( 4 dziz) g 3= H dz72-1 6]1 9

DB% i :bB@B(R) ~Teg H nB‘r- o -T]B’ (4-4)

Hjr i 9" HMmlsOdz 9" H YJdzlsteQf [9 dpT Kzj thzdgs H i dzOfgizta)
tc' o dztso Oy dzj L dzOyJ dzdzy clifmfsd dzdd dzdDists 3'f ko H s d3iz
o dH' dzhdetetso jtoRndzj o d2 S' dailsdyuded?2 StsjW' y' ' dzbs,
fjtcjitHk Okt wt HEsdy " &ffdzdz? dtso s’ WOL(

rdzv o J dzgd My wz@oe j #sczdealish dddao dy’ quad L

Ngz=Ng, exp( 2 G/R) (4.5)
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Hing T L dzO jrgddfts B dzd GMpS 5§ dz ff 1 of jotedHdz' dzfRizde),
G, s, kT, wisB &5, "t ftedf OHO' O HJdzs, Pt
f B0 &' 3 % OLjdedfdj-azi 6 & dzf datfizes o

o
o
—— | Dons |

tdm. 4.1. wanj d@BOIsdudzj LBBLOYJ dzdz¥ ¢ SE
W oL d.

1" Hd s d d3ts hts Isjted3tbH d dzOd3" ydzts t6' 9 dzt
Hsd3' h[C[df B dzdL 2 o dH ' Rzag@Zdz¥ 9:dc®dz Hz n O

Dy, 1N, Py M éexp(2 /@) exf 2 / ARG (4.6)
HEtdIlsd ydzd R d3®OH ‘o lH fig dzw H

R=—25 4.7)

In(nB/nBu)

t sédva ¢ to° o dav dzidzit O { Hotrdefirgdts o ( O jds)s, [z
o dcedzv H

nB(r):n_B 'Ko(r/LB)gFo(R/LB) é @R’ (4-8)
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H §
F(R/L)* Ko(R Ls) € Do/bgle) K(R L), (4.9)

Ko(K) TWEdzCuyji Mfj dzv HikzeBets toisoalizd zisdgsEhtss cOds 6 |
fswev b TP

412. zodHSGC Mls! HdWEL 2dtsets tsmislz MW j tod ydasa

ZzodHC fMls: HAWEkL' 2 ds € P i yisiy = Dae@) di dzdz”
{50 fof g H ' dfj oRIZBO' o:dC dzv H

dR_ Dwaln(r)| (4.10)
dt 2R dr '

r=R

| O [ o H € s f) IsdR/ did 4 Kikp) dzt® dfted

dR_ DwaK,(R/L)

dt 2Rl R(RL) S
stsdzd t' fls o JHdz'dag'dds 2 ' Is! fqw HdWkL® * s Ols
((Dg/beLs) Ky (R/Lg) < Ko(R/ Lg)), HE &

dt 2Rl K(Rl)

stdaf fls odHBdEH: Is' v o jtendzgjotss C' dzgjlsdCts
o d H ' dffDdrt,) K, (R/Ls)> K (R L)), HE G
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e B (4.13)
2" o dm'tdys@isdy 5 o j WARSHBIG)SL t6¥0E ts dstindd
SH J to) d i35
dR_Qwd D, (4.14)
dt ~ 2RL,
HJ
[ D305l (4.15)
DB+bBLB
i jWjCldoded?2 SCHjW' y' ‘dals HNEy & Odd®dstsm
6 OH ' (RMM) BO* Bis
d_R: D.w d Dy
dt 2R RK(Rb)+ /b, (4:10)
1 s R< <,
Ko(R/Ls)= #n(R2L) & gOF R2L) In( R2L) ¢  (4.17)
H jg=05772..ls O dzO® [ Tjkzj tc O
) @ BEBOMA | o] Mfa ) teH sct5  te@EEudgz [CQls tsods
o, (1) el e g (4.18)

Ng,
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WstedskdzO (4. 13) fted?2 B3O o dcdzv H
dR bGBr]aj wgl 1 E (4.19)
dt R gFé RY
dR_ by, wé ZG (‘
4.20
m R Q : (4.20)

l efOdzd n f JWEdE@Fde. 19)s d (sHe d2idls) & 45 iis il dzfn v

1 1 ¢
Dng, =2 @B:%‘.R_ _li : (4.21)
S p g, (4.22)
R
le j &g L dzOyJ dzdz¥
Bl bn, wy (4.23)

stBhls Ofs saydids OL OFf 41 2 GG v €

& 4
=—%h == . 4.24
dt ZRge@ R (4.24)

[ Odz tetL @de@xeste MY j tod WaRd I § 4RO ddefj iz
fj toj fzfiEp deteH 565 to@scRelogzL (O Bedx B. s st o  H G fls
s MRt By 20 § SHOKH . 2 09 d ¢ dgWdn "2 4) .
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4131 " o dgv dzdzr daS'dEMs LW S H ' k. e dH ' dzj dp el @
LOSCtsde L BJ todydazddd figls judse d dzd

(Y fBHOM " so® j HQEEL [WOMs L dp j dzdih d ¢
BjLtetsL d3' todzd 2 cOw! KB = DHXA; dsjCdgd@iiil t/t,, H j
R 1 R*(t)L:0 iCtodlsdyded?2 tcOH kdgts cch[dHEOdz@B@ﬁﬁQt)Lo i
fdtejmduj dedz? OBB& o3tsush deist, §LARIIB G175 OtOC Is j t
yom L{@HASmd " tod - ti, P g E(OL. 2td]) H flsd20 fif Isiizsy dzd o3 1

,dr r
—_ =___ 1 4.2
"t x(t) (#.25)

H
x()* R(Y)/R =4 -0 (4.26)

IiBjLteBL B todzd?2 CtodIlsdydzd 3 o tcddzts 2mh 8 d b=0dgjs
x(0) =1.

lojHjdts WEkdCy' ¥ Ly sH' &z o i/ &0
dzts to BO@O dzG Z s d dzlz o d H ' dzj dav § e i
[ IYN(),0 fmOodi

N(t)::’]f(r,t)d r (4.27)

0

Z 2C OdozMy ' st § ffAt) detis o d dz@O ts 0 sl dij Jstd yalatsy o
(te' owdijdedete j tco detsfis' o [f@BMsBRS | L BB te' o
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M(rt), we,  .dr g
g (rt), i° (4.28)

s @ o dgw @dzOdzmlz (L OCtsdz LB jto] ) dedgw toj ytse d dzd)

3w

gt SRR ) m() w) 4% fspd

(4.29)

Hdfo(r) f( )| T sUOC s O Wiz dzfgt ny(t) te 8t} iteHz fipletxf dzO

Ot 9 HEGA hgqn_Bgaln_gqgg,mqazomogsgz@dzqz fsfjtjy
L jJtcpg@Ozo &y ddsts L OCtsdz L B to] Y j dedavO Istdsjoagfts oHdtsddg] h (S«
w e L dzORfs[H ¥ dsdzdupt | ddsi@ d H ' dzj dzdzv R | @2©9 ©F yY OL {
we ' o[BS BIs@@ o ' B inls Odzd i )z dadd® jdig dgEH 2O 'y
' odzso OGO 3 ) OIS iAok BHOA Hif MBEEAH] L |k ©® s s &30 d3q
Hesd" " Cd g, MOBY " | dists

n, =Cn, Ne =Cny,. (4.30)

l tcOrBBo zs Y4 ofgftfis)Oorod” H dztst @ daadz | 16 gizy j dzdzy  toj yt
(4. RO®BEH] odcdvHLb

Q' @, KA r3(® CH(r0ds  (431)

0

HJ

* 4R
/"1 . 4.32
3. W @+ Cd) (4.32)
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t"ode Misy (4. 31) BsydO LOfdmOlsd w¢

DBQ(t)+/E"1’Ff( fd 4 (4.33)
H J
AR
IS oo od (4.34)

I CodemlsQdBOD so g4 . 20 tsdz L Bjtoj ) dadaw
fipHMsOQaddiis k£ odcdzw H'

D )
Bo_+ /A Ff( 1)d 4. 4.35
Qx(t) [‘ (1) ( )

[ Odz" B 4@ @Ftpd Bizls Gif $1fd) DS’ o dzv dzr ( 4.
s Q& 4. B 8)OHOflas Y Ots T tizazC y ' ° ity swf(dlzl S OL O

' o dz¥ dedz" G ol FlEESHEY | tod Wdzd B o d HdzGkf dz tc 'ddtsle 1
& & ks v fsojtendsjotsE $' dgjlsdCise .

4.2. omdifistslsdydd-d zOtizOtb © [ Wh dyw

421 ¢MdBflsslsdcd Lo dz2 Ctodlsd ydedts | fipPu
so jtcHSEB tosL yddzz [Qlstsdz' ©¢ HBAR hCd o

l o9 jHB fiste 'L df' ' tziz
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., R _R r r
u R(0 76, J40t) PO s(tE (4.36)
t1Inx inaR*(*t) g Ina;%—DBO Sg (4.37)
C Ro - C B(t) -
X*(¢)=exp (4.38)

1 L &3 uztial & (O . d2GB kZoados Hzw H

uzd—;’-lgn(u 1) o (4.39)
m= )i oL 39, (4.40)

x2dx dxX

{ séa 5¢ ' adWdzdz" (4.39) uQ=widPsOdBE] dts Y'C

u(wt)., utsH', pt@Ewshatxf il ) (Hde . £ 4=034 )N,

(Hdo. ( 4 .%3t51Q i3z dtts. s AsY PAds tsd3’ 0o hkdsdizn Y &fJdzdzy = o
tetsL d3' to' o 8 @K A d dzd y

N, (t):g—fva’;""ﬁs f( 7t)d (4.41)

By 20 L OPJ M OK 6 BHOBE sdzStays L f sfy(W)dzk

N, (t):é'_fva’;%c”( ) ;ﬁ) F(w ) 25( W du (4.42)
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Hiw(r) 7 esdva 5C  to' upvgdt) gz, IstsB s 5oz BSOS C s

COH' M ow edejH 'ttty d3ts 03§ dzls izte QUECKPIz4 . WA 9 15
LBJted ] dedew tof 6 & ftePo (4353 8z0MIskzy ded &3 U d det

D 3/ Wy
x(t) 4 g

(r) 4 (4.43)

OB s, o 6 OF afQudizy dB8G . 4 2)
1-%@@( 9 Hep)tfu(w,) k(Wdw  (4.44)
wo(t)

[ dzv Istsets, ShosEasfim@®? kd) oxthis Qi teldddy d Dy (it )dzdz
L ' edesfylsj 2 ( 4dds9 W 'def iAdy/#dx) o d L dzOy

] d® s L o dzv dz' (4™ (3D ' 2 pdzicisfs Y H 2N 5 H
HsMisOlbdy 5 o dzdEdn L dzOYj dz2 yOfkz

m )= (0 -347°), , B¢ (4.45)

9 HY so ' Hdzs

x°(t) =

(eI

e <
tél +— | (4.46)
g 4(Int)" |

liteifdh jdis to' o dpyipdes c@tAd. [sAdo) detsHedsY to OH
R()s®sL 3 tedetscts yOfk
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o
R*=2B gtl1 = 3

o 2

| 4gn(BGH/RY) @

(4.47)

&)

| Wstgzd (#d6 ke s(dad w(7d s @' H Y 5o ' H dats

4

R'=<B G —bB G wt (4.48)
N 0o j H & 3 <4, Bl
48 BGBt/R0 )
dn(BG/R’) a> % (4.49)

l dteOL Hidzvid {4 dadzw s j cHiSGE S tetsL Y d dzlz Ol
Ofmd i3 Is sls dty dzpd3@ *f teedd ¢ dz¥ H

. 13 . V3
DB(t) _a186§ Qt-l/s a 18@ 0 3

= 4.50
c B 2 gbn do ( )

1" A, sddsf @4’ . 8 B). 48) o df dzdwo=0ft): L Odzj  dz' Tl

£ (t)=3In a4§GBt Ogin 48 @ W

451
w69 @t (4.51)
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422 oMdBIsldSd WkdSy' ~ tSLitH' i BH
ckfmisdded o dH' dzj dz

ANzdzS y' W tetsLytH' dzz o dH' dzj dzt datste) B(U, JW O
OMmd B Istsls diy e B3O Y tcafd ¢ dzW H

f(u, y=Aexp( -)P(u), (4.52)

H
(=3¢ ‘zuefg)é‘/%;lz zujg? 8 033 (4.53)
P(u)=0, uil B2;+)t (4.54)

P(u)dui 2 d&sts o ' It dz'oMfisl * dzj ‘dedis. 3@ Is @+ Hu. ) OL dzQ y i
¢k lsXfdis o toRfas) Ipds ¢ dzv(HA'. 5 3 ) 5 H J(tehp@dks[s Isdsd || 16 O 4
W iz dzCR(U) 4200 § H jledfth). 2@ . 2 (Stde O 1) .

s ts dzfn s alElsdztc @4 | BRY) dz0 o d L dRCEdiy dc jL j dadzv

1

A:(/E)' , (4.55)

HJ
32

u®= fueP(u) du °L.1296 (4.56)
0
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0 0.5 1 1.5 2
U

tdfm. 4.2. PlY S ISSWdd@dy'| steT tsH§lsO 1] " Wh da
s@d N A UPO wiEsBBSO02] O dpe®OsEqd4p1563 1

c¢ Mmz" HE® L oduOuU- o HMR@GEH, zPgdb 2 s t2
o dcdwH"

N=pnf(r.t)d r= ff )du exp ) (4.57)

| 6 OF ook @ IS8T . MBEY Bk 0BT EH ] odcdv HE

_A4R 069 AR
N(t)_% E_A_beGBnB, wi (4.38)

| W stcdfzdl 5 8z moEc @4'. 5§ 4). 55) ,

R® 3n, Qu( o+ Cd)
/0 4 P

AR? = , (4.59)

sselsts Ofd &Y bsis)d @ det® oo ek iz * dtft)ldzj L Odzj 3 d Is*
fsyOlCtsotsets CteRsdudssets ttOH' MO
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) o5 Bqt 4 4ipdd’ A B

32

u= fjuP(u) du 4, (4.60)
0

HJP(u) T cmMBYdEse ' wdzsMls' o dHEHOR&o B8N, (8
L dzOy judz@® R, R()=uR(), RIR()iMmjtejrnd 2 ©OH' ki
Ofd B3 Istsisdtydes (fted

R(t)=R (9, (4.61)
stsBlIsts, MMJjtcj H dz' H O ddtfiis douddats dglizj dzdzv

100 dh jsts WldCy' ¢ tetsL f tsH' dzlz  olaf HE' digRafn
s ®f etf o ke d ¢ 'dzv H

f(Rt)= 2((?) P% '? 6 ﬁ l (4.62)

1 odtOLbk (4. 62) odHds,p) ZWEgisd difsls & lsiaky det
st 3 BERBJdzy L Odziydls: o' H §yokgRdts’
9 Hf o " HO' AlgtsBLsAZ o fftfjlipdddeiy . vdzlf & §iz0 gts L f BHE 'dz
L Of g Ptz LL o3 Ualrdzfn O(z) ( W s tc Bz dzq 4 ( &HFGAHL).)

423 o¢MdBIstslsdscd St W' y' ' dzls[f Is @ 6 5 eztizg thzdav
Olstsdz' @ Htsd3" "Cd k& odH' dzj dzdzv -

{ SLORE ;s St W' y' * dals L Oftjsp tizd 8zczv 1 4 9
v OdZ(t) ' § ez CfOsCtodo O Is! W o d HE fzgrtfdv: dsd  da
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Z()=pfR f(R) dR=pE f( .} d. (4.63)

l 6ORBolzs yd( 49 @BQPL d ( 4 O:Y)BY B sisdAtdds) )Z(Y) o d
i tcj H MIskO o afdiztsdzw H

2(0)=pgR () gAY (u Jdu= A{}° MYE  (@64)

H J

u*P(u) du °1.0463 (4.65)

c
1|

[¢" H(th=pgR/R(Y((Hdo. (4.58)), GO &b

z()=PAR Y (4.66)
| GOR s ai@U @) . 59), sMkObsyds Hj Y JBs

23 32
z(t)=55 ngo_” (B &)*. (4.67)

OMd BB ssisd yded 2) ( § GtpoOE S Q@RISR 0 Has M C
o dH' dzglipled2y RictsL B te* focztslpd Ns()d @G U " j Bs 2 o ¢ dzv H

532

N (1) =2 gR ()ant?f(wdu D) gra @ee

3w
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Hi®L OH O'olgteiPiL 45.d5 6 ) . 1 oaftecQi4.of08dz" 'ds (4. 59

_ 4R’
N, = L Q(d €d). (4.69)

1" Hd3,ls dhd d i3y lsONsftoggf 2@ dzts ¢ s yd fdz®@ Olst
odH' dzj dzdlzv 7 o fy' 7 tetsL &3' N ) (kO GO Y de@zd Biate
L OCtsdzz L BljtsQ g atkmx(d- o fted- o,LL OCtsdzz L B
o Ut od g dgdn. IS d RO MfE)- M E/3 /4 tetf- o.1 5H Odst
odteOL LOStsdzz LBty dedgw toj usodded (4. 31
ud dzts

wl |

_ N, N (1)
Q=B gicay P R ldeca (4.70)
HINGt N(1) . [ MC D) Caffted- o, L to' o(ddsfifie®) Hiz' ,
N (t)- n.Qd+Cd{ tetf n.

I " Hd d Bt Is0OS ©f)d &Y ts sdz@ dpifeiciOd'd 8 @ad ¢ © L

Y o 3
e (0%]

t2=(Inx*)" Bédnge——" &1 . (4.71)
8 0

1 OL dzOy d dBted 3Oz’ s H Odets Bl j 6tz ezl daBEdg A
sdSttedmisso ko Olsdl [ why¥ j tetf difgsd & o ©§ 1 * & jodz'd

HEsMs Ol dz 5 o j MRS blg)t totd O HH ol QLD g @i, . | dzv
L OL dz0 W JdetOetf tis@p o s s Mls 2 o IR Httyj 4zddv d 35 O L

(4.14) WiskoshOEO qisOd 28 L Q3. dy 3D, /L,, O
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C ' daj Istaf wpddz dedzy j iz O MOM] ' odzv dedz? (4. 28)
My teOo jdsfdzd sudstl tc Oo j'H datfige df diEDiga] 3 Is t Iis ¢ U3tz tizdf) dzv
L Od3' b, /L, o9 d t QLAQTA74). 51), (4.58), (4.67).

43.{ y' dz2€ O tetsL a3 tolz U, dozj e cOlagd dgto' fn f dzGe
Cr(fMlsOr" v odLtc' 9O0dzdz?y [ flse Odz' H O)

J S tetsd3’ dzj digindzOb &e § ®% ¢ tsdzy j CGalsG GOUs W -
Mfsmisjte' ¢O° 5! Mvw W Biag dzdzy . L 620K Y § WO o Iz
H' OGOMlz HdzYv Ho 5§ B Bifds@ip] jdasidadis: dEd dedofri.o 4 . 3.

/ BCC+BCC'
500
T T T
0.0 02 0.4 0.6

x(Cr)

t dM3AAQ@QLEB9 O w'dPECBOFPZz dztsE oL W[SHR. L ttsBt

1 Oo j Hsjydsfizg toj H iz S 3S oz LoBd@ie QRO Wz [
off ZPel'Cis ©  j toj Md uQrezdzf | OBBRAg MIsOH' W o dL ts
[ Mls o O.dzsHe® HIEOY fLBtc OBl izt BOC d R L5 'ted@EL o O dzdzV o3
2. 4]t &t dzO Ml CHlze165 d3/im ,D, ~10*° di/in[ 8,841~107 d,
d~10° d3 d~10"d3 s,~10'1 ¥ A3 G, ~10" &3 n,, ~n, ~10" d’,

o 12
LB~2%dd °~10% i b8~%~101° B/ figts H i) j te | Heod Y olffy © dzj dzdz
2 .

R=R~10""®l0 §jtj mdyldaz| @EBEE".d 1@ sdds,
sMS ' d €d HOO IsH tisfipls Ces dfAd® O j WztzdsH ' L dzOy 4
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MjttjHdz et ORI & dH odzjdzdzd ' H O HjEdfpfd
Hdoe. dOf & GdxOHdzC Of jHede'nd ud dzder o OF EaB'Mds Iz
D,(t)~10" <%

ldmdeseo € HEts ttsLH' &z 4

1)1 totse jHjdets Isj tstd jfls fpydpded] @G dz o1d H ' [dfj, dz
' s wedn dz &3 k' k! Mw o jtendsy otst ¢ dzj
ltod Ode@@NIS9o o Odzdmw HWEkL 2d2 §kssd. O
I MlsOdzetso dzj ctdsL OL dzOyJ tlef Also " HBEZO O LS® MW & diis
(Dg/bsls) Ki(R/Ly)> K (R Ly). ] HOdzsd3z o d f OH & ditsinSstacfstdifls
o dH" " dRHptEYO kZdsed BOdtset f jtoj Mdyj dedaw Is e
o f(Ds(t) <H dzOB oods VM. 19) , (4.20), (4.24)

20 o9dfOHSE I [ MWjtdytadd, ovd:H" dip gzl ls @
ftctso j Hjdets OfMd B3 Istsls Faydizd B L ©aigD,dz't @ o HoPARHfjtich
CtodIsdRed@r ' 2 o () (ozg wéar( 4(.44.649) ), (Jjtejfmd
etsL ydgddlr (0 das( 4. 50) )z,o de 2 p{wfzo Jt6 @L 58) )¢,
L §sH' &z o dH ' defRiE ( oA @atHL2dy )isO s W T N
odH' dzj dzdgvoddde @L 67 ) Jj ydfEstelals' © HESAK PCd o
sHJdzdf dztspf N (o dE®L6I) ) .

3.0 MsOdzse diftiztf- o M j toj led® 2C to d lsddwdzdzdn * dzj
HEStE o dz ¥ 5! (R{JIER (ualzedg y' v LK dk o d

f(Rt)dzafj LOdjyxdls: o' H {t5yOlLReuts d idasdzCtsp ¢
Biy' odittedMisOdedzy HOdesets ttsL cdzv HE ( dzj t
4. 1GBO0L 5 SlteddizOdz® odtwOLd L j o dzd d3d
fted s dMnOdzds I { MmM¥jtdydedr odH' dzj dz dz
tOH' BRBOL) fted HBo ' dz' dzd Dy/by. diOUf Gedgy = o f)
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Oond i sl dFudd w®Odedh 05 5! v MY oM aDstzde dazd
Wistedsz dzOR 4( 6.147) (4.58), (4.67).
5. 1 H' 2 fdd) s wsdy® Wzl MO o OcFapVdds d dzO
] o mHa®D ] hdudrzd | Ot o
[fMdetstejda zdz! sOIsd, s ftejHMlsOodzj dz E y' 53k
[ 27] .1
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Il Ry [ 1 sR

(s shdsesddt tjLbkd O 9, slsted 3Odzd 5
zOMmilskz{q dz' :

1. ltsojHjdets ydmdzseo j Htsfdz' HY j dadegv - fyd
"'dgH 2 S tse Odzz M ¢ tFje® Oly@® € 0 B rNfiif fislzAeCTAs 0 Odzts o
C' dz €' fpdz S OLOCls- iz BB E Gzt OH M P te D dz® P
o' Ltz dHSEsMIsj 30dedzsHEERCSoadr HJWjCIs' 0,
5j B jcOzte O ftosOkOd Lo Odats L Odzj ¥ dzts il
9' H dzOL 9 0dedr EkZdiseo i tetsd3’ dzj dadz" .

2. ltcso jH jdets HBMdz HYy Jdedzw off dzdolz HC
iWjiChd ©OMHEYS2 Gk’ MjcFO@USoen @i fi
] SCOLOMs, s LO BSHABOCBsdR bkksse sfEsd
ftedL o SHOH falzdMs dzy j dzs € B@gdn BHEW J O 'so jle@ daj
LBOGOYJ dzdzV / L B' Hdgj dzdzv ° MJj ctej Qus'yIndis™
sdds "ts HdMEESOY' 2420 ' HidMmlsj O, wCO
f sedzd dzO° dzj to' 9 dztso Oy @z SEHC sd SIHBY Hi B |
L Ode L dddid fslssSd Stifsdydids' o M dz

'dgH S s Odets’ MjcetejcecOy' w MdzOBh O st .
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