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9Jbigbo 0,991091 98%

Omam6i3  gbgosgm, 03 dobsbomgdangdmseb @M@ gdmsbsz  @omgbmdgdol  gm@genszos
0509600005 (X530, goMoo30s, obodgd@os s  gJbglbo), ©gBgHIobsEool  3mgR03E0gbBo
Logdo@olo@  do@omos, Mo doqomomsw  xsdobsmgols  @gydglbool  Gg@ddobmmaoomn sl
‘dgodengds 0bol o@dyao: xodyn®o ©sbsbo®xol 94% dolido dgbsidmgdgdol Gomegbmdom
‘dgodangds s0blibol. domgds@ogydsw go gl 0dol bodbogl, M sOLYSMOL Gomsi WoEgdomo
a > b doibggdo oligmo, Gm3

Sh=an+b+E, %)
bowoz N xa9x8do  dmbsigdgdol  Gomegbmdsl  ombodbogl, Si —  xaynol  xody®o
5bobo@x0s, boam E (bo@dsgy@o aobsfommgdygmo) dgdmbggzomo ,,dgEemdss’, @mdamols
Lodygommi 0-0b @oaoos, ur = 0, boem op goobds ¢iEbmodos. s ofds ¢bps, oy
3396000605 gl 9g0bolgbgeo s a wo b @ogbggdo, Yglsdagdgano asbogds  xawndo
dmbo399900L  @omgbmdols Lodygogmgdom gobglobwgdmm bpmdol 0bdgmgogmo, @mIgan Do
OO > bsmmdom  dmbgegds xodydo obsboMyxo. Mgydglogeo obogobols Igmmwgdom
‘Ygbsdangdganos 53 Lodo doboslosmgdenols dge3oligds, dog@sd dmbszgdgdol, o3 dgdmbgggsdo
X39Ngo0l  Oomegbmdol Lodizo®ol godm (olobo Lye mombos), gl dggobgdgdo o6 ofbgds
bobom. dspsmomsw, hggbl dgdmbgggsdo godmgomes, dmd a =210.6 ws b =306 383, bmerm
0:=405.15, @53 1, 2, 3 wo = 4 x39ngool xod900 ©sbsbodyxgdolomgol dglsdsdobow sbgm
F90Bogrmgsb 30mabmbgdl dmg39dwe:

1725391, 633 863,388 516, 328 285.

0y 53 @o3bggol @goy@

1676 388,869 169,331 371,199 127
5bsboMxgdl dggoomgdm, dgodargds dmygghggbml, Gmd 3Gmabmbo O3 09 oby 3yYwos,
3o ™00 MMam®; bgdmm gmdgom, gb 3Gmabmbgoo dmbsgdms LodEo®mol gsdm o dgodangds
04l bobpm, domydgdgl, @md hHggb gg@oxn@om dg3:dmfdgom  (5) Impgaol  dmoge®
©5dg90sl: E dgdmbgggomo Lowowol bo@dseny@mdsl.

0™ AoEegogm (33390 Xa9gRoL  LHosAobBogy®  obogobby. dg3b0dbmm, @md
5bMNgbo xamRgdologsb aoblbgoggdom, 30Mg9en xa9xndo goM0s305 2530 oo Jsogos,
653 o8 X980l Jowoen gOmA3o6M™M3bgdoby 9B Yg9ergdl. gl go 0dom oMol yobdo®mdgdyena,
Omd  ©sbo®hgb xayngodo hggbh xodP®  Lowoggol (o oGS  @Bomggynm  Iglogdgdgdl)
35430009500, @o3 o3 Loopgms  Igos®gdomn  ,LEsdowy®d  LEsGobEogn®  Ji39390L«
30b530MMdgoL. sdegbsr Joybgosge Imbs3gdgdol wowo asbggboanmdols, o3 Lsd xyygndo
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(2, 3 o = 4) hggh 56 goggkodggdos dJmbogdgdobomgols serdomydo Imgergdols @y gds

(ob. Jg99mm): Lodogg xa9xdo aobsfommgds @my-bo@dsgydos gbdogdo Fo@mdmwygbogno 1
> O 35M53gBMgdom:

gboogro 6. 89-2, 39-3 s 2 4 x39g8gdol @my-bo@dsayd asbofomgdoms u s o
3005393 gd0

x9N0 2 3 >4
7 5,369 6,075 6,947
o 1,487 1,297 1,263

3o30bLgbmm, @md X dgdmbgggom  Lowowgl 3Jzos  @my-bo@dsmydon  gobsfoamgdymo
3000393 gd0m 1 s 0, Mm% dobo asbsfomgdol g9bjiosl sbgmo Lobyg sgl:

F, (x) = P{X 3x}=¢>(lnx_y} x>0, ©)
(2
bo@o
@(2) 1 j'e‘“z’zdu (7)
N2m 7,

s@0l bEobpo®@gmo bo@dogmygdo asbsfomgdol gublios.

o3 dggbgds  30Gggee  xanl, dsbdo  Imbsigdgdol oo  MomEgbmdbols s  dsmo
bogdo@obo  denogdo  s@og@mygemmgbgdols  godm  (Bob'do  Igbymos  gggemsbso®o  Godol
bodgooEobem 8mdlsby@gool gggensbso®o bobosmols bodyxo) o6 dnbgdbos @s0dy ghomosbo
dopgenols dmEagds. sdodmd Jmbs9dgddo L,90mago00g6905" hggb bagmmgbydow asgohobym,
©00535bmboll bod bosfogom ogmazom: 1000 go@sdwyg bodyxgdo (6380 dmbozgdo), 1000-sb
5000 @o@odyg badyxgdo (300 3mbsigdo) s bodxgdo 5000 cns@l bggom (58 Imbozgdo). oI
J39%a 989070 bodxgdol mpgamodmgds dmbgdbos 0dsgg @ma-bm@dsenydo  dmegargdom,
09dze gl 9439 oMol Lod 3oMsdg@®osbo, g.f. hoboEgmgdyamo wma-bm@dsmydo dJmwgagdo,
3000393 gd0m d, 4 s 0, MMdgmmms asbofomgdol gubioslsi sbgmo Laby ofgl:

Fx(x)zP{ng}z@(M} x+d>0. @®)
(o2

sbgns @53 dggbgos  bgdmbligbgdyer, dmbogdgddy Imwamgdol  Immygdsl. o@§g®ogmo

obg@gdaeo gdmnbggzol lgogbow (opageobbdgds (1) Jmpgano), gL ggensg bodbogls ;{2
3903960930l LEsBobE0 0L sagdsls

(fi _ pi)2

X200 =n-Y

Omdgols  db0dgbgemmdsi  bogamgdo  0dbgde  wolsdggd  bMoey®  3b0dgbgemdotby. o3
‘dg800b393530, f1, fo, fk LobDBodggdo 9339 >G0l ImEgdnee xR0 53300390900 X1, X2,y Xn
oboboMxgbol  goMmbomo  LobdoMggdo, @OmImgdoi  Imbgogds  @ogbgomo  mgddol
056593390 [20; 21), [21; Z2), [2K- 15 2Zk) 06GOZO9dT0, bognem p1, p2,.., Pk 5G0L dglodsdolsw o3
0bBgdhgoemgddo dJmbggo®ol (mgm@dogero) sadosmmdgdo, by 0y Lodogdgero (Imbodygdo)
aobofoengdol gybjizoss F(z), 35Tob
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pi= F(Zi) - F(Zi_l), i= 1,2,..., k. (9)

@G> 0ds gbws, Lobdomggdol 8b0dgbgenmdgdo ©sdMogdyeos Zo, Zi., Zk [9OB0ogool
oMhggoby,  bmgrem  sandsmmdgdobs — o> dbmenme o3 Fg@Foangdol, o@sdgw  F(2)
aobofomgdol  s@hggobys. 8506 gologgdos, 6™ j60dgtogdol  bEsEobdogol
d60dgbgermdbols  LodEomdyg  ©sdmgoegdyeo  ymgogs  Zo, Zi.e, Zk  [9ORoewgdols s  F(2)
aobofoagdoll  o@hggoby o dmApgdol  sdmzebsi  LYm@go  dsm  obgm  s@bggsdo
dgmdsmgmol, @mdmoll wambsg LHsGoLbEogol dbodgbganmds bogargdo o0]bgds ©olodggd
abGoeny@ 3b0dgbgermdsby.

Omam63 bgdom osmgbodbgm, 2, 3 ws = 4 xa9n9ddo sLgmo sMhggebos @ ma-bo®dsay@o
aobofoangds gbogn 6-do dmgdyero 4 s o 35M0dgBMgdom, bomm @s3 dggbgds JoMggen
x398L, gl o®ol  Lod  3o@odgB®osbo  (8)  Lobol  gomy-be@dsaado  aobofoargdgdo
b9dmblgbgdaemo Lodo Jggxannobsmgol, dgdmgy 3bGogPo To@mdmmagbogno 36039 gdom:

agboogo 7. 306390 xa980L Lodo Jggxannol @my-bm@mdsmad asbsfomgdoms d, i s o
3oM539B®gd0

Jaaxaago ---1000 1000---5000 5000---
d 670 -825 -1937
y7, 6.465 6.560 8.365
o 0.393 0,750 0.228

Lbodmmmme  do®ggeo  xagx0l  aobosfomgdols gybjaos Foddmpagds @mymaE o3 bsdo

J39xa39580L asbsfomgosms Ygfmboemo wodo, [mbgdom, dmImgdos Jagxaando dmnbggo@oem
dmboi39dms Bodwmdomo Fogngdos, b9

Fl(x):Wl.q)(ln(x+dn)—un]+wz,q{ln(mdu)—mz}%,q{ln<x+dm>—um} 10)

Oy Oy, O13

Lowse
w1 = 6380/6738 = 0.946869, w, = 300/6738 = 0.044524 > w3 =58/6738 =0.008608. (11)

o obodhigho  3ohadHegdol  Jgaes  obwgdligdo  aabsggdos,  Bogmomgdl  xggobs o
d3axenm0b 6mddgdl.

II. ©s6sbodxol gobsfomgdsms dmpgmgdobs s Lodygms3ogdol spfgms
ILL Gogigym obmggnmby Faog@o sbobstixol gobsfomgds

0dobosmgol, @M >@g{ghmon Gomggge sbwggyeby Faogdo obsbodxols C(x) gobsfoenyg-
b5, 35303094gbmo LAY sadommbols @I ges. 3boswos, ™I

C(X) = P{X <x}=P{X <x| A}-P(A)+ P{X < x| A}-P(A)=F(x)-P(A)+P(A), (12)

bows X owbodbogh Favoyd @obobotxl dgd8mbgggomn  s@bggen  osbmggnaby, A s@ol
bomdognmds 0dobs, G®I ol ghmbgen do0bi Jodo@megl Jmddsbools wo F(x) os@ol (3o 9o
5bm3gymby Faroygdo obobodxol Jo@mbomo aobsfomgds 0d Jo@mbom, G®I ol gHmbgao
30063 d0doBmogl 3m83sbosl, 569 go@ogdew F(x) ool 3omygne ,,353096@bg" Ferogdow
obs@x Yo mobbo. ggmsg LOY@o segndommdol go@dywmon, 3boswos, @I
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F(x)=z3:P{X <X|N =n}-P{N = n}+P{X <x|N>4}-P{N >4} =

=p R (X)+p, - F () + ps - F(X) + poy - Ry (X)
o6y Lodmgrmm,
FX) = pr-F(0 + b, .qb('nx_—ﬂz} 0. .q)('nx_—ﬂs} . qj('nx_—ﬂj )
0, O3 Oy

bowoi  Fi(x) ool (10)-00  gobdod@gdyeo  gobofomgds, 4 ©s o 3oG5dgpHgools
db0dgbgermdgdo  Imigdygmos gbMoge  6-Fo, p1, P2, P3, Pxa SEdsmMdgdo 30, aobodo@mPBgds
ab®ogno 2-0 dobgogom,

p1 = 0.7590, p2 = 0.1863, p3 = 0.0429, p-4 = 0.0119. (14)

>03b0dbmon A bpmdoemdols sadsmmdsl g-mo. 3boswos, Gmd dobo dggsbgos dglodangdganos
Omam®O3  “353096@ 9007 Homwgbmbol  RoMMmbs  sbggYmgdoll  AomEgbmdslimsb, sby
hggbl dgdmbgggsdo q=8787/70000 = 0.12553.

sdgoMoE, g dggoxsdgom  (10), (12) o (13)b, Lodmmeome  @omggam  ©obrgggm by
sbsbodxols C(x) aobsfoangdolsmgols dogowgdo:

C(X) :1_q (1_ p, - Fl(x)_ P, @(Inx—_’uzj_ P, @(Inx—_’u:’]_ P., @{mx—_ﬂ‘f)], (15)

o, O, o,
Lowos

F() = w, _(D(In(an)—unjwz ‘@(In(xmu)—ulz}% _¢(In(x+dm)—um}

Oy Oy, O3

I12. x539@0 sbsbotxols gobsfommgds

3oLog 9005, @MI xsdYM0 sbsbo®xol aobsfomgds, b9 yggas obwggymol wobsbodyxms
x0d0, FoMmdmopagbl wodmyjogdgee  dgdmbgggom Lopowgms x0dl, Gmdgmmsa ofgl (15)
aobofoangds.  sdpgbsw, xodgMo  sbsba®xol  gobsfoangds odbgds C(x) gobsfoangdols M-
xgOowo babgggo

Cs(x) = "' (x), (16)
oo M sbegggmmms Loghmm @omgbmdbss (hggbl dgdmbgggsdo, M =70000).

6o mJds gbws, mgmBogmop bylE o8 GoJBL bogergdo 3Gs]Bognmo @oMgdymgds ofgl,
05dpgbosi hggb gg®d dggdangdm  (15) aobofoengdol s@osmeg 70000 @ogol, oMsdgo  dg-2

@opaoll  bobgggol  omgmobsi go.  880@md o]  o@lgdmol  sbgmo  godmbisgsano:
sgoLodgmotmon C(x) gobsfoegdol 3jmby wodmyzowgdgeno 70000 dgdmbgggomo Lowowyg ©s
Yg340000m00;  9dgy 3o, gl xo8gd0  ogslodymodmen  bggdxg®, gmdgem  1000-x 93,
doemgdagemo dgogagdo aobgobogmmn @mam® 3 sdmygogogeo, Cs(x) gobsfoangdol 3Jmby
‘Ygd0bggg0m0  Lowoeggdol @gemobsogdo s o3 dmbogdgdy woydhwbmboms s bgdmm
s gdomo dn@ggool 3OmEgegton dmgdgdbmm Cs(x) gobsfoamgdol wobsdggdo dmwogano.
dog®sd 53 gbobo oJgl mogolo wowo dobylLo: 0dolomgol, @Md ©sgsdmwgmotmn  C(x)
aobofoangdols 3Jmbg dgdmbgggomo Lowowy, Loko®ms dmodgdbml C(x) ¢ybjaool dgdaggeo
396300, GoG 35dmdobodyg (15)-sb jgmog bsjds@ols® Goygm sdm@Esbsl Jgswagbl.

o3 Lodogaggdl hggb obg dgggodmos og39s@mm ggg@eo. godmdwobosty oowsb, G®mI M
5bM39YoEsh  mommgyeds  gOMIsbgmoliogeb sdmysogdmsm  dgodengds Jods@mmls  ob
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o0 J0do@mml 3md3sbools Farol aobdogammdsdo gohmbga 350b(3, ,,353096@ 900" Bomgbmds
3odmeol d0bmdg@se asbsfoemgdygemmo dgdmbggzomo Lowowyg, 3oMsdgB@gdomn M ©s q. sdo@md
dogdgeo g-Lomgol (Omame i agoblbmgl, g = 0.12553) o M-Lomgol (gl 3oMsdg@®o 4o,
dmdogoe@o @ 9dbgos o g 3md3sbosl, ©odmogdgmos Lbgoslbgs go]@mmgdby,
oy hggbh o o Ygshghgdom ws Logodxodml Lbobom M =70000-ms6 ghmsp sgomgdbom M
= 5000; 10000; 20000), ao350535TdM0 3oMggen Goado dmdsgoen ,,35309bFMS" Gomgbmds n.
0y dowgdage @oicbgl goged@sgmadm (14)-00 aobdo@Bgoyen p1, P2, P3, Po4 S0 dommdgdby,
53BMAsAYAo Jomsdsgoygmo a39d6g0s 1, 2, 3 wo =2 4 xa9ggddo Imbggo@omms ni, N, ns,
N> GomEgbmdgdo, GmIgmmsngoloi @bowos LOYmEgds N = ni + Nz + N3 + Nxa Googomds.,
sbogmaoy@o, oy ni-b goged@dogmgdm  (11)-om  aobdo®@gdye w1, w2 o ws [Fmbgdby
530MAsA Yo  aomsdadgdgmo a39]6g0s 3odggmo xaugol Lod Jggxanxdo dmbzgo@oe
»35(3096BA M N11, N1z, 13 AoMEYbMdgdo, AMIgdoi 3bowos o3dsymBoagdgb Gmermodsl np =
N1 + Nz + Nz 09335000, aodboegdymo 33543l o sdmygogdgen  dglogdgoms
O5m©gbmdgo0, mog-msgolo gobosfomgdom gogomsdsdmm gglogg Lobol gobsfomgdol dJmby
‘dgdmbgggomo  Lowowggdo, dsbmob  Igdmbgggom  Lowowgms LYm@go ol Gompgbmdgdo,

In(x+dy,) — 44 J

Omdegdbgs  bgdmm  ogm  boygdo®o, by gogomsdsdmm N1 (3000 q)(
On

In(x+d,,) — s,
Oy,

aobofoangdols 3Jmby dgdmbgggomo  Lowpowg, niz 3o Q)( J 3obofoagdols

In(x+d,;) — 145
O13

dJmbg  Igdmbgggomo  Lowowyg, Nz Gogro (D( J aobsfoengdols  3Jmby

Inx— Inx—
‘dgdmbgggomo Lowowyg, Nz oo — q)(—:uzj’ N2 (3o&00 — CD[—%J 5 Ns4 (35600
0, O3

Inx—
(D[—'UAJ aobofoemgdols 3Jmbg dgdmbgggomo Lowowg s Jowgdyao gggems @goemoboios

04
‘dg34000m0. Yggasm bowos, dogowmgdm Cs(x) gaobsfoamgool 3Jmbg Ygdmbgggomo Lowowol
A gog0bo0ol, Modpgbowsi MM dgaggzdods bgdmm hsdmmgmomowsb momnm dgdmbgggomo
Lowog, xsdo dmagigdos C(x) gobsfoamgdol dJmby dgdmbgggomo Loowol @gsmobsiosl.

o3 dggbgds  mgommb  aomsdsdgdols  3@mEgEgMsl,  Gopash  yggms  dgdmbgggedo
hobozgergdya  ma-bo@doemy®  aobsfoemgdsbgs Loydo®o (dmenm ULsdo dgdmbgggs @0l
sdob d =0 3g&dm dgdmbgggs), sdo@md gobsFoangdoms dgdiagagero K9bJiogdols bodmgbgasw
ggges dgdmbgggodo Loko®ms x-0li 30do®m 5dmoblibols gyobGmengds:

@KWJZU,

o

@53 3bowos, LoMmngmgl o FoMmdmoEagbl. sdmbsbbl sligmo Lobg ofgl:
x=exp(y+o-CD’1(u))—d. (17)

3do@dmd g 93obslgbgamo  asdmlsbymagdol ot ggbs dbodgdo u o@yydgb@ol boigensw
hoglgodm xIs Ggesd@dm®do “=RAND()” d@dobgdom dowgdyan [0;1] 0b@g@goemby msbsddow
aobofoangdygan U gdnbgggomo  Lowowols @gomobsiosl, dgogase dogowgdm  dmigdyao
aobafoangdol 3Jmbg X dg8mbgggomo Lowowols Ggomobsiosl:

X =exp(/4+a~<l>’l(U))—d : (18)

(17)-bs o (18)-do dmbsFoeng LRSbsGG Yo bm@dsgny@o gobsfoamgdol dgdignero
d(u) 396Jios xXlIs Gges]dm®do swofgmgds “=NORMSINV()” d@dsbgdom.
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o3 Jggbgods mogwoadodggmow  aolomsdsdgogan  dobmdyd  dgdmbgggomn  Lowowgl,
3oM0dgd@Mgdom M s q, oo Lodgymosaos  dad@ogglos:  Lsgdodolos 0350535 Tdmm

©05dMYg0gogemo M gogno dg@bygeols dgdmbgggomo bowowols @gsemobeios Fomdsdgool g
> dommdom s olobo dgg300dmm. dg@byaols 38 dgdmbgggomo Lowowol gomsdsdgds go
bogods d@dsbgdom: ,,=IF(RAND() < g; 1; 0)*.

II. LodyesiEool gegagdo s wsliggbgdo

Omam63 bgdmm goblgbgm, hggb wogobodymomgen Jmwpgamgdo mmbo Lbswsbbgs Lgbodol
dobgogom, M = 5000; 10000; 20000; 70000-Lomgols (yggers dgdmbgggsdo  1000-1000
O go@0bo300), Mo dgodegds Jgglodsdgdmwgl dognby Jiocdy, 3oy bmdol, bmdog@o s
oo 3md3sbogdols  3m@ER e gdl.  Loob@gmgbms, @md  mmbogg  dgdmbgggsdo  Cs(x)

aobofoagdols  gomy Jmpgmow godmgos hobsgmgdymo  @ma-bm@dsamy@o  aobsfogmgds.
3oM53gBHMgdo Imygsbogros dgdwgy 3bGognJo:

ab®ogno 8. Lodymomgdol dgwgas dowgdamo @ma-bm@dsmod aobsfomgdoms d, i ws o
3505393 H 900 3mMO@Peol bmdol dJobgogom

300G Q9o Lowogwg
35M5dg8®o | 5000 10000 20000 | 70000
D 183000 | 316250 0 90000
H 11.9729 | 12.8136 | 14.12961 | 15.014
c 0.2398 | 0.140528 | 0.057113 | 0.033
0y Y@ op@gdsls No! dogodagm 35M539HM U, Omdgenoi @my-br@doeny@o
aobofoangdobomgol  Jbmenme  hobsiggangdol  Iohggbgdganos,  dmpganol  doGomoo

3oM53gBMgdolomgols sgoge omdmgohgbm  Loob@g@mglm ©obsdogol 3mdFggmols Lowowol
bOol dobgogom: 4 35@M0dgB®ol  Ibodgbgammdgdo  0b@EEgds, bmerem o 3o@MsdgHGobs —
3290 Y@L

300]Boggmo  asdmygbgdolbomgols  go, @ m]ds
sbsbadxol, oby S dgdmbgggomo  Lowowols
ab®ogndos Fomdmwygboano:

LoobBg®gbms
™I 9d0(3

xod9@0
‘499092

960, 9@
dobolbosmgdengdo,

gbMogro 9. xodydo obosbs@x ol dobsloomgdengdo 3m@EBgeol bmdol dobgrogom

3m@@ggmol Lowowy

dsbobosmgéegdo 5000 [ 10000 | 20000 70000
s 163024 | 370820 | 1371262 | 3316911
os 39662 | 52369 | 78381| 109488

X Cs'(x) | Cs7(x) | Cs'(X) Cs™(x)
0.9 32392 | 123381 | 1472989 | 3 368 312
0.95 51999 | 146409 | 1503 872 | 3 410 023
0.99 93719 | 192909 | 1563 560 | 3 489 628
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0.999 ‘ 149 348 ‘ 250 607 ‘ 1633285 ‘ 3581011 ‘
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