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Pa6ore nocraesa D arD sqlttr 06 srarrtpc rrEou rtrrtr-
ram urrloEal rlrarlrsiDorrmtr rctl'B ( nrocrrt ls!r6). orsrco-
crar rqAGrE trccnrlrBaaorlo sBrd r nFsrGNle ra pc. I. 3lecr
rmr B = o - FFlrqa H.lto'qruroFo orcEPqAli B=D - lPdftla,qr-
srcttlf,f,a to4Bot D, a!3rel'lxracBar mglotrolat rorolEBo
ai Bo r Co - roonnllllH
po.qa - ararrlsrpoDoffol
ry ocr rol&lom rrclrpoa!, osc=

laprrpHolo stapgnrg r EqAEtSFo artlr-
rcHrfli B(c) - *J,r Fi, oEcrE qrr 0op-

ifi"n "rot .,n*"
f,orla m,q ,q6lcnrM gratllEctalrtt-
croi Errp5rerr tllctl ttHlu oiaaul&-
erct Fctrraglallron m nonltrIlocltl
DisrarFra. lL Fc.I o6rac!! pec-

- rri B=D,C<0.

oo

Ih: c =o ffirofirrlcr qqpnElr ys-
rorre [I]:

B . D, Br(o) = o, r=o, (I)
FAC f - rF sra ocr D,4E[!loFO
olarlpon!. &rr couporrrrouc rcrruhrc.I

ni ltstr6 Ep€[r6p@ro Dro i ro rrGrr? rGc?o iorbro mpat lra ys-
.rona (I). 0uemr, llo crcra rool[nl! lrl Fc.I crm.fla c rqlr-
Et FIt qc, o6rarir ptcBrrctrEllr r.t r. ,qcrcllrrcturo! rorca-
rra rltr E rulorrcf, rt Prcxrr cuoi gqAe{.

Or O co-
- Hlltla-
FCcItt-

06oanaqx uc1:! Q nnory &lzr loo.r s(d ) ' nFq
c=o r Q.q

ltra rcfl?H B iorca 3g garFu^Dr;f,.
ntr O . Co. Illtc r mrCa f

q[l$t r! cod.rDcr.I

t1

ll I I
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Flaaro, rqaarl f,lr*lcr tor rr!!o gtraraHrt raDarclPoB Qo r tr re-
tll:c na rsraqr[H. Uoomry padtra cn olerlctltrr odDiaor o!trrA.rr-
atci gl[!l lr craAtfiqpi coloq,ntagrlr ullrletlb8: U - Irsx@rr no-
ladqlalo8 rq[!r aIrllnnFlt, G - f€c'Inocrb roHtr. a lalnc Bo, D r
e.

I. 06prucr r ypaE6t fl IrDxoBacrr yqryrc,
ro"oPof, nFrm6lr. FcEpqAprr[las EllaHrr nrrgrlra P ,
r tlpyron rnr[ [2] 3

rl(a) - r($rr(q) = - P(d,
r+(e) + E(dr,(a) =o,
r'(a) = r"(a), r(d = cE(e),

(2)

B(c) , r

q - mPcFrHlerlei cu-
, tFo orl6l,I!f,f, mPlox&

c = const .

Sracl r - rllr6rrsr rorar r caaHrr qi
rai lt - pastrFrlaular cf,ra.

trT,1

r] a, B=O.

qlr$iot Aa{oFlEr [I,3rrq)mro rars.
lls ypaEHri ltr rmHlr I crqN/Dr lla tBBrglla:

cei(d = r'(q) - rr(Or(q) - P(a),

Gtr(Or,(q) = E(e)r,(d . - ri(O,

aor'?(d + rr(Q) = tr = eoDrt.

crr(d = (r -a s,(c))r(d - r(c). (3)

ft7oar e- yror rqry:ao8larDllol r FpJrnot rI r B loiric qx

B lrsyrrrrarc troryu crqlJr[p. Irr!{cD.rqluLroG ylErlrexn€ ,Itr rF-
llllllt:

rr(q) = E(d, B,(Q) = Eb(^), c'(O = oos(e). (4)

3gccr c1:s B(Q) o6oJrruri rhfiEF r o!r$rl.r or B(c) . B .q!rb -
Hafirl. sro Ha moD.r llqAoFsyra l. Crcrua yF,Ela l (3)-(4) c

A E O. B = D.

B = Bo, E. o

c=0, r=O npt Q=Oi
ItI[r e=q
65
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[gst rlolEoo oErGEs Flroraarr ytpylct rEo aEIr P - aa,mlIer
Q5nrngn. {ruo rpanrm ycrcilt (5} eocrrrcllrt! ruo4r xcrarc-
c"rn[ sqEaru, r roaqF, B rtgtf,g!;, oltgrlor Qo r N .

2. BocnorteyGrer EpecallE np6lzmr arrEpocratr-crof
naryysrn i31:

e($ =t-conf(d Eo(e) =u/(s(d - (1 -ile )o), (6)

rge eo - ,{rslof,lFtGGlef, EOClrO@rr IIt ryslOtl, Io - tr,Epsd-
it{Octb sDf,llPOglaflnlccrOro rut Hr Dltlmc$ D[ffiOFo 9!Crtlp-
gp. IIyc* G = 0. Torgp y1:rmnfr paurexcrr earaslno e ltnr[ruu-
xf, yclorm sarErlcfi B 8llp3

a,{O =+ eor!(O/n,

Br(q) = "r.fri, c,(e) = ooe(l); (?)

A=OrB=D,C=OqlQ=O; (g)
B=Bo rp e=eo.

3gaca r gg.tr€o y[o6no Erlt irt r 6cspeancprr ruprontr, olDc-
Aermrtil Bo Sopq6ax:

= = Vqo, xr . a , !". ilD, It- c/Qo. (9)

B rognr rcpelrcrinrr sqlaqr (?)-(8) rrr q:
;r!,(r) = Yn/(t"- t.)e, r!(-) = trd.a(yr) ,

rl(-) = cos(yr); (Io)

-,

I

rge

f,r=O, y2=!1 Ir.O tp r=O1

Yz=Yo rqltr r=1,

ko=1 -t/e,

( II)

( 12)

k, = qe/D, lo = Bo/D,

..=*F.
t

Caqncluc napffi ,qstx yF tor (I0) r ycDrt (II) rnrrrlca re.
gaq ltm IIr x., rer tlnncgtr t" 2

66



( I3)

L - cor(yr) = Lr(e - L/.(t" - ka)) .

Grareu mpea trl = l,t ,!ol rrlroEa racacrtml n yupyrtil
rctrt t lorata Qo . IhFrlrlp,, kr, 1., y6 f, e EEamGEiaaE Eo

QoFryrcs

kr = (1 - aoa(t ))/k - 1,/{yo - k2)) . (I4)

Ilpr ro + o {opryre (I{') ntr.qra.r rar6onc qpcloo BHIEaflss

€k, =#= 1- oos(a')' (I5)

B ltrurctcn {opryra (I5) 6ypr conoglrtrrr?Dcfi e a$aropr![lofi
loilcf,roc?rD, rrel4diloL r! r[crmro pn.|lrr oqEpn (3)-(5) r
(?)-(8).

3. Ira Jl'lorlrerrt 0oFya (6) nPo$rorm' .no cxroBse mHrr
otrrl,oglalrqoerero mrr drsn r oqryrrcG!fl, f,ololm EctpoaraD!
rrrn B(c) r E = o (u.pc.I) mI qDfl[ Jrrran. IISrcm a rotrc
[aDcc.trllur orE Ecc!f, r yElryron rtolrr IIde $/rI FDna Q r !ffi
Eio lEq{fc orllyuoct! B oa!.tcrr.rqf, aqglnrcr ftrmafn a(d r E(Q}:
R(O = a/stu(e) . IIpr sru rlr[8Ea [(t,q) amruoaonuarEnofi m-
m r rorrlr EFcclmr o a orlrllltoerrD !El[la:

s(r;O = 6u(1 + r(Udll, t(o;d = r(d , (16)

rIp 1 - ,qll[le .q,ylr oiHrEoerr, olcrrrEBaflai B rra,EDaBrcHlr E .[[-
Erl B:o Io rur nof*clruii,

t(r:q) = x(q)n(d oor(d --cga(e) r e = A(d - Vn(d.
stn(A)

Bocooreyanm lrrcpD l${spaupuiltrn lr?aBnasrsr, ye?auaBrx-
BaBr cBrlE rq[y ria,upaclmcirn otctrtoclarlrpctorro norfi E(l;Q)
E Eprrlsnof, stilrlolcElsrlnot mt c(Ue ) :

El(liej=-sti;Q)E(1iQl, n(o;d=E*iQ " iI1'

6"

rl(vr)=q;;;ft;o7, tr=#,
fl ='Q ry lz = 7,.

Toec - r.D t l.la (I3) qlrpra[ I {[c!
'I

+



Yparx€rrrc (I?) narrctcr crq[crrl ycrou,IAu6cpa-
Afiapa. romprr ynplrarloDDt Aalct tarrBet r E et q!c*r rm-
,.rcnoFo norarrrln r cno nporsnpu [3].

c yq.id lrrarerge (16) uoryu r = !o/(l+t). llci o€ sB.-
oElalar tcr r! y€Io*r:rpxrc Eo

il1

L =n(t - a&Br!(D/E), .

a = cog(yr) + y 

"y,r(-) 
/k rt

to

t = a!c6b(si!(yr)/yr) ,

,=r"( t+tI
o

-"i*)

)Era(t)

( r8)

( 19)

rac

$rtrra a $/eE P rdio qrqnciaml s ql,c:
ur crcnE rtlr qrror, q[rE I upa,gF rrcl} (I8),

SAcoD

rtd = feoni(d =!".(w/o)".

- 1+a
2y"(o(u.) - u t"o(u" ) )

(1 +
b=

a 
= 

1i

a > 1.

ua= but ,

(1 + coe(t) )ala(yn)

",= F--:f+,

ro(u) =

arctg (u)/u,

* * (it=J/"'

rar ioqrca, €r r€lrEa tlEHrctcr rlrl Jaa
0nrq$ro, Harts rfloc [I!.6!tIelrc alcrllDctailtrcrofi ru,rg,,!f,r

trar4D -
na. t(porc lonor lterarqllo (I8) roal 6Er rcnolDlolorro EF {oF}r-
,rpBic saflAt[ A;Frrs nrn lrlaDda s lauraca a iolr$of, o6rac r
c,lr norDf,tcr n€o6xqIpa@tb E rEctcrlr oqtqorcrlr; l}y@r p .

4. Bocnorrcyarcr 6capau4ml nctuamu (9) r
rr (I2) *rr np.o6p.aoa rrr iF.Eol !alp{ (3)-(5) i rqy!

O <'t < 1r

vi(r) = y.(r), r!{r) = krsh(y.),

vi(r) = (ro -|ri(r))v.(r) - rrrr",
r!(-) = coe(vr),

68
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:i

I

)t

tri= O, tra= t, ft= O, X.- 0 trP r = Or

tra=Yor tr-0 [Dn 1=1r
rAC

r. = $8, ko = ([q8)/c, k, = _Eou'Q;_ ( 2i)
2o2G

,{enrr 6cs o6ocrsanr Elrtroc oErcafirc rtcDarrolrrono cuoao6a
pcrcrlrf, geEaqr (20). IlFnaafiqrtao fltroarr, rnlo gffio1prag3g5rio6
ytnDllorna a rlf,rillurr ycroilf,rr olmcrtslbao yn(x) u@Io sarrf, -
ca?D B mrcrtparDnoi fiotrc: o < r < 1,

y(r)= y.(r) = .rtti(r,B)t(o)do, (e) 
= 13.

'o
Sgact

r sh(c - ce)sh(cx)!---+-. x<93
I ceh(c)
I

lgu(c-e*)sh(ce)r E>oi
I ceh(c)

1

y(x,o) =

o = ko -f,f{el,
&crna y(r) ,o , troerorbrj/v n o- nororrrcr$HDrc *JEmsu"Bpgo-
,xratllBaaroil sqq,acc rperuccul cfuer pED! fa pg8el&f,rEofopEp 3bl-
roJinf,mcr trD[ yerofir oteyrcrDf,f, crnraxryr ycrsrf, qAoxr, Srrppom
TTHITtr

I c Ts y(r) < tq,
o<r< I

C slu Jrqlouil cylceram et@ra lpqlrf,r,mrl eroao6 pGilGHrE se-
,qsqr. B racrgoc?r, r rcr!trlnr rgr[lE tqlptu olnagranr flapur€llxr yo,
tso r lr l Gf,rl3Brrr sllrEilIlo! tsr t kl ]rrptrsaDlcE 3 3q[,c "{:-
Etamlo IIIGE .

Ilyctr raaecar fipg8e (:) r ra.llrr@t lErdlneaa r(x),
o(:) r tr , trr rqrol*or ror r 6ygpr BEqnxEt msru o6osnaFoxrfi.
Crc13rqro t{r) ctlpmcs tE: Eoilq eceurroru pae -
e ElE tot tqf,3tIs

f(r) = c2(-)T'(x) - tr(r), ?(o) = r(1) = o" (n)
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Ta6rrqa

.?

ko kr kr x Etst rs.o/kl

0.50
I.00
2.00
4.50
8.00

I2.0
I8.0
50.0
I00

q,

5I.6I
55.04
62.0I
80.0r

106.I
I36.9
I83.8
4n.6
g29.7

367.9
355.2
350.2
339.4
327.?
3I7.4
306.2
n9.4
266.3
2U.6

0.8063
0.8282
0.8i700
o.gl24
I.1063
I.24f5
I.4373
2.16?6
2.9rr5

80.292

0.9302
0.6819
0.5154
0.39&l
0.3485
0.3284
0.3163
0.3065
0.3057
0.$29

3.904.I0{
?.928.I0{
I.63I.Ios
3.906.106
'7.452.Ios
I.I92.I04
I.920.I04
6.404. I0-{
I.4I0. IOJ

rl

t\

21 rrro

hc. 2
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, otrpatretrB

o = oHnr(r)'
BosDw B f,attols crqlyq[ up6lcuil y(r), g(r).r t,, coor -
BO!C!rxllo

rr(r)/a, to-(rr(x)/t)2 u te./i
r ro,!,o .qo lcr Dp, rpre | 1 - Val xc qlaner rcxuc He,nGIEL sa-
I,arqom mrolr?GrDnolp qrc,Ia.

,[prcc asucrmlar upu6rrrcflrfi n;r v.(-), y.(r) r yr(x) (g,re
ro[otm !a,rG Hc 6ygcr nrgmb HoBril o6o$raqmtr) ra pacnfi Ea-
gaclfuu: os-sl,

rl(-) = v(r,,, 

;':l : ;::,;,,,ii,],==ol"e(r,) 
, 

(23)

Ibcrc orllqgercrils fi6ung: v(r) up6.rndrtr g^rs ye(r) n kr 6c-
flyfcf, E B4[a:

r.(r) = 1 + tsrv(r), k, = (yo - L)/v(D.

Tcrr cery1 !troBrclBopfslctr rpa{ruloc ycroilc Ep r = 1: yr(l)= ro.
Oopryru (I9) uosBorml naxogprD EeIIE, tts nomc np6.lrruuc c(i)
n,o ltl noP, @? oanocrlc;rDarf, InuroelE rq5r noorGglmgrf, E1:6 -
scrfa k, uo roflyrD lra otarGler r6Elrc na,Bclrq[ 3l[aHEono uo-
Iolrtlarbroao Ectre.

B6op ryanarum qr6rnanrr (r), o(x) r k, r EoIqEr n

{opryrrposry sqrl8qr (22), roctalorm Elprsnorcx. HairlrrqleEErrlrD-
m npr6.rrrlnrr rcrp BEIIE B El[,c:

o(-) = t/(L + (ro- 1)r - (r - L/do)z,

c2-tsor ka=1.
(herornoc prcmo qtecBofi rq[au (22) crporrocb EF rrorqt

yltrspcarEroro Belraria rclo[r ,q;ffipcngarurol upononrc [4J, D

rcmpon qnFoBorott :oorfftgcnu tr.ro$rrcE :s tictlrr sagau Ib-
rr c rctrorEloDurrd {opryr xcloga $pcJtyna loruoclr 3. Itr p.-
r.Hrl ,qpfoof rqgau Krr (29) trIral'rreD {oFyrE onrucona [5].

5. Cgarac qEBo lararllrilt omocxilrDno c,r! rat c = o , ro!o-
pEI oErcru ctcr crctr.rofi (7)r(8) c yqcror (I9). B Ecl,sauu

t = VD, trt = l, 12 a B/D, t - C/D (24)

erclarr [Fo6pelyarcr r BlLy!
,ll



rl(t) = r, yl(t) = ela(yr), rt(t) = cos(rr) r

r = k,r "(rr(t),r.(t) , ry.(t));
(25)

Xt= O, Fe= 1, 1 = Q IlPl t'= O, (E)
,r= to nPn t = kr'

IIo cyrqceray, lo! [Gi raqery fto IIi crsrg (25) c Eeqarmg
ycrolrot (5)r u:qgpnrc rolicpof ryor1qggtet Ip !c Eapt
trOIa y2 IIC g!tll!t! FE Xo .

0laaarocl' tEo slttrqlt E(r) =rf'(o,lrr) E!!Ep.!a61 o! E(O)

.qo raBeilrallEono lEqct ! oqrcailFctl r = 4.5, a sa!il rEtlB-
no 5r6uaaer, oslaErcE Eorcllqlnol. Ilo6,tq{f r rlrDctD iloIFFo
uallargtln sqEFrr (25)r(5) rcsrDsrlrosD agaEla ro = r( O ) ,
o s ro S 4,6 Coolrf!?rJ/Tl trolry lEarE! Erlnlr€trp k, rcFrc-
rf,rca no qDry!8:

t; =n [r(or!.,ro) .

Ilpaean sacrD ypaffit lfs y.r B crc"4 (5) oryqfsacaa rer
rqpeBb r?gncqon4crrmne olrocrlarrro r ytEffir. .IIt crcrarrr
ropEa r{cnorEsoDaret rclql nDoctol EqPry c Eqrlrf,ru updrrc -
rrf,ff r = 0., merolDry lDr cic to.rtl I! Ilyr sFpolBJqg rop-
fl8il saf,ogtrlos aaEcul, r3ql @rccnf, GrEGlr

o. E ra6nup nprtlalll pcqfDrafir tIcmno penrs rpaGmt
sqnawr (Si. Lre Eal[ora rt rqflauau ancnl ko qcrcao olrF
eBEBaSocE ,10 I n Etf, rotoPil l' - 25o, tro = Ioo.-UeltscEm sI*-
q(uflE @Ilar€aDoB kr r k, olrpGIsrf,n rfl6lfaryr (fl. (I3)): c=3,

E = kolkl- = n'Ver T =It{= uGreZtzmlr.

lloemggr.* crpora ?86rf,Sr coorrlc?4r€r G . 0.
Iia pxc.8 EtqgsraErcnu laBncrf,oqlr q o? E r4n a. = I0o, 256

a 40o, Jo = i0C. Iiorceme ryrrmrynof rlrtrrr onpolprerocr ra {op-
uyrr: (IEi' e = 3. Dlr P€q;1ut3tlh B rlgcfi16cfl' no8lorfl)? cylf,"t o
rlnfirqex qnrnrmerdno rcEorlsolaxxa {opryru ( I5).

Jlnleparype

t

t

I tl B

CoslerrPorc|xa8rIo,
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