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0B qEOr ct(rcoEG cral%flilqEcloFo n$[FoBluf
EOJIEMI flgTTS IIO OPAIEMAI

E.ll.Earse

I. llsseillo [4'S]rtrto B Aelgl[lf,poBtluil 'rir'rlo 6oru cr-
cltll E MC,rGlEo rqIE yc[dH0 IESilBt€ilcfi Eroflra JtCnIllfiOFO rc-
larlpoBenr uylu pas6rflr Ea Ql,arral'H. B ofia qlg olra pceJti-
lyarca B .q,Ba oleEe - aaorxa EoA,cfcid r aaarnS cBiscni IIII 0!or
Ha cpBo[ glarl€ crr8i rolarrlryDEct ycroDmil sgl1qtsrrtl. IIpf Ea-
.rrm o6pa!l*u eBfigefi oomacoBalrie ofaIIoB o6eclpwaaerca xHoro-
q[!Er @Baolrur.

Ilpqqcraermrcr !,rq/rrDuofi perpe6ofia eneroFtrmoro lD,qtrola r
olatry crallc!f,rpcroro lgatrxsa. Ho g3r crc?r o@no rqla oia stF
Igqa c,rma, r ratoAoB es IEGilt Eotra Hc!. 3lecr rorrorenr o.Ic -
NtWl DIIqI: acln HGlolopes pearrlaqlr relcrx GtctarE B q3.!or
nflol!! r otraey, no col,clrr! roI|IF lpallssqlr reI,arel finrron-
!!oB, ?o EoarclEe rGo f,ctlotbsoralb Infi rDSEoHrr ratDGlDa re[e-
rtIDBaHXs.

B mlrrof, pa6om Ba olofi ocHoBe npegalaacr roaoA ycroFrlro-
ro c8a![c!r!@toFo roAerrpoBaHxg. hcmfpet[s EI€Ect Int qacr -
EOrO G.rJ ler - GrGsgrE 13 glyr tftnrmr OB 6eS O6pOlrU CBtrg€tr.

2. lISTcrr rr€tlcr cnctua f,s ABJlx oFdtrpoBe,M 0pom6HloE
(6ca o6pemofi errsr) (pc.I). Operrerr L cqrrealsa Fo11rar, en
€Fo Burolgon ofiuer trtrmqlfslrr! Hcroropol o6racs pa6orocnoco6ro-
clr sr. Bepoernocab ouaaa {pauoma o?rrrde o! Eyrr m Blrafiroil
repe E FloroDoil o6.raefl palbw anaqq!fi oo EoIlDFo crrHera.

Paccroqn crqgyryt arnDFlta clartclrrrcroro rqgcrrpoBrnrr.
Coaqraorce tr rcnrranrfi [qrBono (fttarrc?a. IIpr eror r o6aacm sl
oreaEDearlct rFrotolpc tilcro m pearraaryl xl,rar...rxr gro EoA -
rloro crlBlre a ; oril o6pesyul D ooDoElru5olr crycaliuil Drrop iE.

lls m pa$rorpollrro 6co eoo4rqmr au6r1ncrca tr., pcrrrsargfi.
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Ileprrum D i .lr.elrran Nrlraarrsauf,
la[rotrr ,r cr!,Iar rqIoIlI[ nlt ro-
rullt , tlrolEFo olfrmrllr. ,{purtrs,
rlro 14 lcof,dce rrolDro Otr,rlalla
nPoro o[t! rrF J-, paurcary rJ
EolEro orlHsra r . Brga cryu&.
rqo Bar mry rs r DCo{F I nlr noro-
lrrerHu rcxoAo oloro f,ctIrltt t
( *lnmnoc* 610 llaBra n" (r, ) ) r
palqyD 0 r crlrula orrara. Banrlror
q (]+,...,n+nr) o6DasfD" cryqal-
nEt Br?{p i .

B rattcrE oqoxrr EolDtrxocfl
up.,Errulot pcdoru cxcr r udaper
16rrru{r

{___ p r - r"(r)

II n ,u+[,
D+tr

lh,
. .iorr,

ri&. r .=ff' (1)

Ilcrp lgrfioro p*crotpsar iBrrslcr ralnroHro rlmrocfir r-
60IB $sqcBrl Nr, lem lrnrpr I sfilorlruocfl D cI:ElaD c
trpoora sAa[polanar (a rmopor. orrlr{Axor Nr=o ). Tarar Gxrt
mAerrtr !'I r rBrrarcr o6odqfld rcroA. Ircq{r€Ilrr [2,3] I|r ye-
rort trr <!, Har6orac Dosrlaolo Hr qlcr ir, rl,r 6rlat Diasaao
ntlca.

3. 0rBrsx !trlrnoorf,ocrb q)qalaFaaxoro a.rnolrmre.Ilsaemo [3!,
qlo a3 rdlo o[pq[plrE Ddpa{llr

s=-$, e)
e'

rla r - rPCi nnelpoE r!r. Q - rcrmr lrpofi'EqlE, D -.uctrslF
crr a @BE.

Brotrrol cnrer crcia H y q[fl mcro@. Boqlpr pq o60 -
llr.qarrrl3 k(/V) = f(r ) - p*qEXarqrc Eqo[Eolro srfl{ala IIaPrDro

Spara,!., n.! = J r{-)or - rtEEfic'r qrrrrro, p.6ors trop -
16.

loro {prrrcmai E(r) j t(-)/p, qr r € 8r r !(r)=o qr r € 81i
tr, t. - lparaa lol[srlEErnrr nqrFla r Eopr€ G:trura!.
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II3co 1u !! rlrrDr fi'rEp t(t,e)
lrr!! D OsIrGr E Flta IEt. T.rrA

Dir(E,o) = rB(r(t,o) - "f)' = lf. - "F,
lJ = Jr(',eltt-l*; 4f = j r( r, e )i(i)dri

t

YcpqgSu m

,qrcuaa cMrca !Ea-

(3)

(5)

I!
I

06oorern qapa! v Ex.p !!F!x!r t|r60pa nr 6 n prrrrergl r
!L

( rolrio lrrq ltFrr o! c.' , rclnmnocrr E IrE).
IIlr oru Errrcir. ( (I) '!r'.ror olncrar cryrlrDla laparGrl.

roc n,i , ,,-+ Be cDqlFcc lrGtrEr I!!E rE = rrUUhB .
Brlcr noum ct!$!a, E oIE Dlr1go6ltcr Errr. [F rE-

ae coot4o[er , Ari.qrc[3pcrut.
Corrm Elq1amor olpanara rr rir = Dr(rJ ). t, olqgln -

latrlo i
rrg = ,^ , i Frn"(rr), (4)
'r- x(udr) r

Flc Br = 2 .qrr Ir lplrrlaqtl crmllr r, P&Drc@ caotlc? -
crlarlo toBrlre",Boq/ !rF![ty v; AIt oolartE !-Ni paamlql
F, = I. Ibpa6rpee *. rqr.nlr mrrul

l.(rr) .

gr J=1,..., a, mr!u

&IJh6 = f, 3 L, r"<', ) = + t"..

= l' ... I r{l,e)rI {rr)a:ri B=r = Xrrr*]r.
rlesr, .=ri... ,.

,Jh.= +?
*: €9:

(6)

B 6oroa cdlI orJlrlaa I{ udopm !tr cf,I larrtm. y tEa-
rrruurcratrolllarlllor trarrr r oraaaru ! DcrqlEcl s,Irc (6),
t LlDritloctr pr.

B pcccrapiec ra qru. atr *ru qlp roar, r cry-
crlhrr larroll D qArGrlrcr 6rnEqiiurry FcqrltrorDrocq/n0

P
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rs = .y.r#: $".-= F., =;f,,".,,,",.,*. ('t )

y6qlf*e, tlro ecaEt (I) rlrller rdrqlrrl.
IroaDD u6tpta oooturi .!Ir lIcEcIE[.' Ioo rruatr (cr.xuprp,t3l), uo gcnoporr fi6ng

cnrDn. cryrtl,ru rq-*. B(r, i,v,i)

oB(n,i,v, = D.g#nE. ".Yrfp."."1r#f + r.tr\,Dnr. (8)

rE

. Dnt =rtt(q- ttr)t . p"(rr)(l - n.(rr) ) . (s)

(10)

(11)

(L2)

06o{La rry rrrury cpoa D(rr). Illr amr, yrurul (4),

,i. - ( ,-3J)"'.,re,oti,).
flprcc, araromrm (6) r (7), DrlFDI

,g&s = ( #..)"(*" )'r t,(*, ) =,#*,#

,,.krvD!r.p*(;*= +)
Btopoe r llmre crara€lot a (8) npqlctasnx a Ac:'

l.(qogo E + kr;h 9 = r.Qr,(rt r - qlgl r )". (13)

f,! DpE rt (,1) r (6) D4^Dr:
' trn r - k r#i 0" = (Afo)' [rpra(r,)]', (14)

a(r.) = lr(r
Cyriy a ( 14)

,)-urn"(rr), r g, Ect Etf,[t orr (4).
rorrqll r 14 rl r traF6apr rntr:rrrn v. IIt:

! Ilt :qcFa J o,ll[ofl.ruG [ltttotl tatrLtrltr, ! EtoIE
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=4, Frna Nr/D , ae (1-tr/u) repau-
rr pl=r.
rv(r.q6 - k
rlp n, - qrar, cctralrrllt yrlodoa

"J,o 
t (,r**3I I('T * *) : 6e (., ) +tr.. (15)

IIp

np Lp"(') =
Y|!tru,e

I-I

( 3).
r.!q1c (D,

ut(u+3r, )
(nr;r.,

r tar rar
axr (Jlr)'

(16)

(L7)

(18)

E
nii-

: I rl IICaIECIII.
ET]I]

qr,(,,E - \rrn o' = (**r)"('fJ.)op.t't,

L4,

r.Dr#i E = Df.(a) r.

( 19) pcartm Eo.r@ro

n

= 5*,r,1(r - r, lrnr(n-r.)
prtr(u'rr)

a EaDDc smlaaoo r (8), conrcn (6),! Elr!

(I7) r (I9) crcxo. Ilorur, qlo cytolrollrr.

D,kr,i.i E= fb4(rs) = pl{n.(r)o. (,;) =

=,ft,r ''ti"'=}t(,(! -1).

t,ll8arcL urcalr a B,qu.t crrc rcEEralrl pam:
4DE = (xti + r.(r+rr)tc)D E, (19)

trtr! DE o6tl.rlDror B,rprlEErol (I2), (I?) r ( I8) r (8).
3q1pra srrouror r ECAE {trlE

lor rmryr. rrycsrr ( I9).
tb xrs fiEq r(n) oqpno q[! xrmrdr

n.(u ) , o6ccucrcro-

oyr l. r ( I2), t

np xr(n) = o (ceoagt).
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IIF eror rlrylo*raslb lrr$IrtlaE F,llta

IDE = (ti+pr
"(r)

+ prfrpr(x)
c(1-q)
(1."tt

L.
!r

+

( ) +

Ilolcra,aran 4n.(r) r tlrp(r) a ( ?0) c

I4g),J (2o)

(3) , (9) , 16), D-

7.+( )t

ryqa :

6p= rDE = (t.*p.(r.o)t")( ,., *1r." ' ad,r.* o, ) (u)

!I,o Dr = 4o!t:) - $.(r) - nrcEaFxr cpqnFolo snllal! l.Ipr!-

BaIDfisGrx n.(x) ttp 1o-

llocrr nlftflDao, fic qra r.(x) ; o" = \[n"(r ) x

x (1-p.(x)l - cEqlrr lforlFrr -[tuu !'t (or.(I))i o, = llrp!(r)-
15-(-)

- -- - ,qlcaalErr cll.qFlFo
pt

rou trDa8rlrsl padoir lsDBro oprlEHrrr !marr68r
n.lur rrlo la[rEra D, raFnraFry.t cBitE rqly
EIr !r HC!!,lCInCtt D, = Q.

,a pr. 0!-
T

06osaau .a =r ('nc' EoFrlrono rcnrarr! P ]) . I{syror

ryr ro3arcnE4
rqlol r! D trolr[tIr[

tllylcrroclr arFclr . s(w) Err n6oF B-
r. Ilpqno B6Fo o clmr orycal, ErIa noorqllaa cr.arm!

1+cctugt

! uIEfrr (2I) F,xa !yr.. alo
(o, =o) o

na qllnalcDoc sro rroftIr[ [2]. IIF
Fa ltarllr a qryIcmot! .qocrrnr60r yerorn [3]:

\e (n)

Harmr tco r q6or rqn1llpoEarlr tIXXAog16glL oDqAart -
.r!r lr[Ealr{ (2I) qr co (rrl tF,. ).

IItr rPoc"afil lpryln tr= t"= 1 . Ilpqgporararol 31[!Fr ott-
ul ocror (2I)
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Itr3

ttlr I
s!!6cI

"=5.D.

0cq16o, rIE FaFrrgtrrcr, .err trpotr.Elrras as / ar
rF td, oqElncrrsar otlrla Grqlliar .f,acrrrotmc ycrora

1 - "i , a(l+p.) ,

{cFa, Dr - prDr } Dr(1+pl). qla

(24)

aliorelr rroDono Qlfrr{rr or EpDDo rrul6 lrlrEo.
06osrru mpos \"n.(r) = Q

nmor; nc1:s q,/p,=
nnagrrp!(r)=p.

D2
IIp

{P.!-

(25)
(1+p

- cpq r la!trlr[orl Pc63!r ltctarc
ri ycro[r (24) umrot qr

P -t! > u-prD:
1+p r

clagpBrulo, cyE?-!{lrr Drryrr ! [trr&F. mm -
06rE

D.(l+nr(la,;1 . a, (26) )

lParflrBrr
n.4.

BIDIOI, rrr 6!Ear ral.3rao .qgta I

EPoreflrtrp.arra npn-
6rloieruroe rirparerue (a orpecrxoctr roqw rl, ): 12 - (1+ro)r+ro.
IIp erou nrcrqlr Earlrmr (?3) tnEB

-(2p+2ro+l ) tE:-fD.e'D

r troctrlalor qt

aE-

r!- )a t.

1 - (fix€ror{)a

B upupc m roq^arr r Aoctcrormo tcla& Elfar
oqc Forprr rGaa r6c,!It(ie, qr (al). Ho Im Eorrtarl, i e
[trnrtrr lootarot Sc lrcrora (2{) errrcrcr 6rro
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,1. Ilpanrotppyr rlreorn .!rc -
lrcpoclr He lpcrt npqr. .qrr aran-P,(r)

laanEl EqtlE Grlmtct r , !

(r)=1) rr o{racrr, ! lonolal
ocar (nr(:) <1) . alo

1
D

q

= D'(1 +

=01/t
1/,

ur (p

(po.2): p.(r) =
rr.(r) . o c

1c

i \Pa
i l =\

Qr
s.Taru ra-

(r)=g=!|rq-[or-
nl(r) = ret+ q.

r
ho.2

p.rralrc rr l1rlcrur-lcr 6orc r*rrot
olttocrtcD|D rllnllml lr{{ .rF, r
pcerrI, crr Ha trIrmra.

IIp elor p
rr,iiril

Da>9 r rorlo o6oaraturr n.= f(1 +V)

t=Q+r
p.6orrmr lglpm[octD

OroDIS ranf,o rDllnDrct xalltlal:clllE D
1 'D.,D'P1 . 0rrrq,ro, tno

qrc,qlD!:

Ilrmt xrDarrrlErrlr Fo.z:

,nge y lo.lla rryaou.e (22)

L

':*(ftr-r)n., =r,n.
-!)

(27)
1_Dr*y

1_pa
Ila oqron (26) mrysr tpotl, ottDc Eqfa nF

(
1-p TrD (1*r)

(28)
)

160 I!.? OnDqlar.llorD o6rrsrb lrtrlrtr, o ry ycror (26).
IIr rl.cluou frlndro! Fldrdlrc cacnar 6lre r o!rr-

rcrrIoq/ oo q:!.p (2I), *r frr,n.arn qE trD qA[nlDlu Eo

crooclr ( rc p
CT L-l

prmr) r xcrrrn

I

6-p. a. Dr ) .orolo
!F Pr=De Erytllfl

pr > t>02

t

+1)

1-

orrrl'I.

2lL-D 
z

(1+p

r II!.. qlo

ElFrl (2E) lqrClpruror xr I:a.3 X;r c G [oJ,].

lBaraHrr Bo{fr!!G-
,i.

hl odraclr

6. IhrE rp.rrlr qltlry a{tarrmcrr
Qercco pcrrrw r6qrp! D uDacn (2) n|l crolr oQcro
qle orEro. h pccrolpr t*ffii crycrl crcls ra nala,rolE



d=o (EFl )

Y.0
c=1 (u=2)

D

0 2

-r)'.)".

pl

Pi r BPAIU I IO-

hc. 3

{p8fleB"oB o EspoalHoolrrr EpanrEIoI pa6eiH

Aerxpoaar i t, . (hceo xcnHtsll{l o6osHarDr tr .
npn npndx raoaerxpoaaxxx crc"G H

D = e(1-e)
r

r. =N(t1 * it, ir.). (30)

Ilpr rolenporaror xgloAor lracqorucxrr (c ommelrrm grntrr rrn
xoso(tsrfdlroB n.o) xa ocxore {oFryr xs [2] mryua*

rno, = e"(.! 1

129)

(31)

.qayclu, lcs pr r tr ql|oraronrr ntr: aror ra (29)-(3I) crc-

- (l-pr)'z
p'(1-p)

$ra!

I00

t; (32)



6p = t" 3:!-t . (33)
p

Orc1ta ngpo, rro npr yrrnqerw pesEIbB crclaru tpyr6€u-
rocrD lFr npa.oNa rqAp[PoBar r pact€t olqlon$qxaJlErlo ' a c ElI g-
Herra pocqarlrotu - rtBqlpelrtlo r tno n1r 6ortmr tucr6 (h)srrort -
"oE 

(xrx npr Harnu odpsrrxfi cBrssl) clqesrDarolo noaruam orffiar-
t]{BIiOC?A.

Hanrrrep, nF k . I0 x p = 0.?ti o rdeHxa aefi.lnl (33)' (32)
p&Erro rprr€1rD 0r5lr r.6. rllyloflioctb crfiaarcn r 2 pasa.

np€Elera*u, rrlolltr rpdycr ornarurofi ntDqeN/p|r olllllrflaa-
l1rr naparsrlpE IncqerrreHnf, ( rerrrun u, (I), (4) r 4a.ree). Paspa-
6orra refio, nDorlgAyIir rBrrercf, camcrorl'orbHofl aq[am[. Ho Ha oc-
BoBe np€,[Eelrrorllru plccrolparrt crelys! IIo'rFarE r rrlo oHa cre -
A€rca r rutnctotrD Bu6opot[$x srlaqgEtf, ntcncpcxl Ha ocroBe qDE-
I6HHu xcnrnarut. Tplqoexrocra raroro pecrpra cyqocrBento He sa-
Bf,cr? r or crortlocrr rc,q,errl8r{ono o66orra, Hr o! tucra ncnsta -

,r r Lrr 6orEon crcr E Ecen.qa 16€1 6lr!r !trlolo xarEc ltr9r aa-
TpaTu Eper{eHx Ha ee Mo,qeJlr,tpo BaHI.re.

B sarsDqeHne o €rxr, q?o D paccxorpaxaor BonpooB H8r6oree
tlmEpecEofi rlpqnp?aBrrerca nlxragura^rlHaa ao6x0tHocTb ycf,opelflt
crarnc?Iragc8oFo IoaeIiIDBeHrt c nor|qlD psg6na t crrcraaH Ha

&IlaFrerllH. nlrrar 6es tlpaABelx"srrHono $alrpra B Arrsl,[mpo8aH-
rror aflarrse. IIln sror trlxEr,ffiBrp orpxnr norasuralrr q$o &!s 6oar-
uto( crcfat Boarao[Ho gHaqri?erbHoe IDarIIeBIie grmBrttaHocrll pacqefa.
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