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SgF0mEAEMB00). 0] 53EM G300l 5@ (39Bm0 JmaRningbdos 60336geamas60,
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3sa3mamn 1. 300J350, Bm(398umas SaBmdamno 8mba3g8gd0 gmgd@GmgBaGaannls

3mb3sMgdal Jgbobgd 16 3306@mobmzal (sbGomo 1). 0w godmzmgmon 30Mggmo
Gogol 538m3mBgmo(300L  3mgB0(30968L, dog00930 r(1)=0,165 . gb 8603369mmds
86 36030L 9F0856gm0b 8mBg3bm ©MB93L dmGal Esdmogdmmadal Lobnbdgby
Bomomgdl. 58539 GML, aGoxngo (Bsb. 1) agoBggbgdl, Gma Y, mucm 8g@spss ©o-
8mgorgdgme ¥4 @ ¥, @mbggddy, gorMy ¥, -bg. 3edmgmgomma r(2), Gm3geo(s
sboboomgdl BG3030 ©8mogdmgdol baGabbl ¥, ©s ¥, 86360393L JmeGol:
72)=0,567 . 8cm8g3bm Mool  3mgn03096@g30b  gsdmmgmon  8ogomgda  og-

BM3MO gm0 Babdiosl, Gmdgmai dmgdmos (3bGoe 2-3o. 938 Bubgz0ab
36033b9mmd530L sbsmoba g30h39690L, HMI Jqbabbogem GHmom 36360330 sMLYdMAL



Bmamty bOgogn §9bogbzns, obggg LyDMbYMa Mygzgdo 4 335Gl 3gGo-
mEEmdom. gb ©abggbs aMog0zmmo sbsmnboms(z badygommgds (bob. 1).

bGoo 1.
! ¥ Yzl Yz Y3 Yy
1 6,0 = = = -
2 4,4 6,0 - - _
3 50 4,4 6,0 - -
4 9.0 5.0 4.4 6,0 -
5 7,2 9.0 50 4.4 6,0
6 4.8 7.2 9.0 5,0 44
7 6,0 4.8 7.2 9.0 50
B 10,0 6,0 4.8 7.2 9.0
9 8.0 10,0 6,0 4.8 7.2
10 5,6 8,0 10,0 6,0 4.8
11 6.4 5.6 8.0 10,0 6,0
12 11,0 6,4 56 8,0 10,0
13 9,0 11,0 6,4 5,6 2.0
14 6,6 9.0 11,0 6,4 5,6
15 7,0 6.6 9.0 11,0 6.4
16 10,8 7.0 6,6 9,0 11,0
yl‘ ik
12 -
10 -
a‘_
E_-
4_
2 -
ﬂ' 1 ] ] 1 1 ] L] L] ] ] L] ] ] ] 1 T »>
1 2 3 45 6 7 8 9 10 1 1213 14 15 16 !
bob. 1
3gb®ogoo 2
g g gmgemsgnnb smagdabn | g gy feda
1 0,165154 bl
2 0,566873 sesase:
k] 0,113558 -
4 n,gsmzs E2 2 R ELE R L]
5 0118711 "
6 n!?zm .
7 0,003367
E u'9?334s L L L L]




sBommaon@s@, o, sgomomsw, EGmamo 363Gzl gsdm3gmagal Jgwgasw
5008mRBEgds, BmA yggmoby smamb Bgmeg Gogab s3@mam@gmszanb Jmganingbéo
BofBmamaqbl, 85306 86360330 mB3gMom@asba bsbamdmagmdal (303muo FHyggs
046935 o 3BGnglh byBbabgdnma beGndends 9d6gds.

MAmonn 3636Mn30b §9bmgb(300L 3mEgmamgds

Gmomo 3636030l §96096(300b Bmpgmamgdab gGom-gFHmo y3gmeDy as3M(39mg-
digema Bgbos sbamobudn 31600l sagds, GmBgmoas sbsbascmgdl 86 3Hagal mBggdal
©58m 300gdmadsl EBMBY 69 — GFBEL. 58 Bgbl Gmamo 86 36Gngal sBsmabuya
debBmgds gBmpgds.

GmBgmo bgs@ob@ognmo Bmpgmado sbsbagh s@giz08 M GHgboab Ji3935L?
1GO-gFm0  gogBEImadm gmEInmoRgds (v:} 86 36ogob 398wga0 Lsbom asdm-
bobgal aueobbdmal

Ve =g tat+e&,t =12, .., (1)
Loog yggmodg oM 03 d93mbggzedo, {6} edmy300098gemn, 9MmbsomMom asbsbo-
madamo (i.i.d.) 308g36mdos, Gm3mobogoboi E(g) =0 oo Var(e,) = 2. ynGoo-
0gds dosd309m, Bmame dMegmmads @1 35Mdg@Mo t MHmdg s dgmgaem donmgds
BMgn3n @Omomn §Mgboa. (1)-do a;-0b 068 9M3M @ d(300 nmmos: o) bbgs obsmAgb
3Bod@m@adLb (& -do dgdagomb) og0x304boMgdo, a; dmdagb gfmo 3gMomowsb
gm0 ¥e-b (33momgdsl Mmalb bamol godm. domgdsdninmew &-b (33momgds
t — 1 3gMomeomsb t-3g dgndmgds sbg Rogbgmmo: Ag, = & — &-1. (1) 35b@Mmgdosb
30dm30bscgmdl, Mmd, oy Ag, = 0, 35306

Aye =yt — Ye-1 = ay.

b g030 @Amomo §Mgboob 3Jmbg d0dg30mdol bomdmmaqbol gsbbbzszgdmemon
doamds 36 36030L badmsemm 360d369mmdsl MMl bMgnzo g3ubizool boboom asdm-
Lobogl:

E(y:) = ag + a;t. (2)
Ao ag > 0, 35d0b yp bodmomme MHMDY s3m30adnmgdom 0DMEads s 830@ma
3ol omdsgomon  BMgboo o43b. MmEs a3 <0, 35306 Yy, LodyommeE EOHMms asb-
dogmmmdadn 33000985 o 3d0@md omdsgsma GMgbon 543L. ¥ -b 3603369mmdgd0
BbBow (2) bOggdy o aobmogmgds 3g3mbggznmmdal gsdm, dog@ed domgds@ngneo



mmE0bgdo 6MEgbg 046gds  aobmoggdmemo. Ladyommbash asbLbgsgzgdom, ¥ -b
©0b39M Lo @MmIo dmedngos: Var(y,) = Var(e,) = d?.
o9 {&:} ©38m 3009890, geBNbsnMsw aobobamgdmmo 803wq3Gmdss, 35306 {y;}

0053M9) 30009090, 353653 M0 IbG M@ adbsbomgdmemn dodwmgzEimdss.  GMgbonl
34mbg Bmoma 36300306 MRBGM MgomobB N obobosmgdsl 8ngomadm, oy {g}-b

Mmdo 3MAgmoMgdmmmdol dqbsdmadmmdsl ©o3ndzgdm. gL odgzgds o (33emals
BHg030 Bmomo GFHgboob bobosmb.  GHgaGgbommo sbammaboborgab  gmsbognen
BM3030 mgmob 0033939380 dmsgotins, GmA E(y,) 6630300 t-b 308s6on.

86ogomo  93mBmBognn emomo 8B3fage, Gm3gmBog 9B  3gMompogsb
39m@gdg 858 9d0b Lodmomm 9330 00bsdstns, JoMasE 936GmdLndoMrgds  ggb3m-
B96G0smuBo §FMBram. 365803530, EGmom 36 360330 9Jb3mBgBE0smnEHN &Maben
3q0dmads aodmzgymom, o 3636030l oG Gemu@m mmasomdl BMgoze BMgbooom
a58m3Lobogo (ngmmabbdgds, Gm3 y, > 0):

log (y;) =fFo+Pit+e,t=12,.., (3)

9Jb3mbgb(3060 935 a30839693L, Gm3 Y, -b od3L gJL3MBYBPI G0 BFMgboo: Y, =
exp (Bo + Pit +er) . Gmegbsg BMgogo Hgamgbool dmegmgddo g9L3mbgbnomyo
&69bol dJmby  @momon 3636030L aodmygbgds azdnMogds, Bmame 3 smdmBbos,
(3) 58 36 369030L sLobgobmgol yzgmsdg BmbobgMmbgdgmo gm@ass.

o Jobostbo od3b B1 -bL (3)-30? goobbgbgem, Gm3 06 (330 gdgdabols
Alog (yy) = log(y;) — log(y;—1) 936mqLo8omogds ¥, -b BommdGozo (3GM3ME (30mm0)

(3300egS00:

Alog (yr) = (Ve = Yt-1)/Ve-1- (4)
(4) a8mbobmmgdal 8Gx3zgbs batgl MBmgd96 y-ob ds@gdab G933L t — 1 396o-
@006 t-8g. 858730 §gd30b 3Bm(306@9330 asdmbabgzabmgal ob 100-Bg 6o
35358603mmm. o Ve 5300ymnomgdl (3)-b, 85906 3gbodsdobo goMEsdd6gd0m ©s
Ag; = 0 ©33930b 358myg693000 Jogomgdon:

Alog (y) = B1, yggms t-borgab. (5)
bbgs Lo@yzgdom, Br BosbEmmgdom oGab Yi-b 8s@gdol Lodmomm 9830 mommgmmo
3960mEobmgol. 8sasmomsw, om t Bmalb 50860336gmos  ©s By = 0.027, 35306 y,
Brmorg@on bodmsmme 2.7%-00 0358 53b.



Bobaogee 0dabs, Gmd db3mBbEnsma® s Be@age BBgB6ogde domask
45363903, EGMmN BBIBEIB0 Jgndmads NRG™ Gommagg aymb. 5a5mamso,
(1)-80 Beg030 G960l Bo(3ammoe 90dmads a3Jmboal J3MsGmmo GMbwo:

Ve = o + ast + at? +&,t=1.2,.. (6)
o @y @5 Ty @3Bm0, 5806 BMIBL 3Bsfmo EsbBommds od3b, Bo SEINMmOD
350dmgds ©o30656mm Gnsbrmmadnmn Esbol 3ssBasGednd00m (& @ogdboMgdmmas):

ﬁ=0( + a,t (7)
At 1 2 "

(7)-0b ot 3960 Bbomy (@ + ast + azt?)-ob BoGdmgdmmos t-b d0dsro. oy ay > 0,
dogMsd a; < 0, 35dob @Mgbl dmM(330L Bm@3s og3b. dgbadmms gb go339memo
&®9bal 3dmbg 36 36030L domnsb 3oMgo smBgMms o 5Mab, Moash dmombmgl, MHm3
omdagom §Mabolb dm3y3zgL omdagoma. dogbgwozo dobs, @MmMoL dmzgdmemo
dgomgobogolb gL dgadmgds  dmgbomo  Lodyemgds  ©ImMABogL 03 EMmaomo
363603980L 3mEamocgdobogol, GMAmgdLsi YROM Goymo Bgbmgb30gdn sg3m,
300009 (1)-000 56 (3)-00 s0bgFigde.

3bmdogros BAgbool Bodol goblobrg®ol @sdwgbodg (gbo. goblisggm@gdom
393039800905 dgbobogmo 3@m@Eglbol gobygsmy@do sbogrobo, I 3@0g0lL ©mby-
900l MMbYg sdmoEgdgegdol aMox0z0l da9ds s Sbo@obo, obsdogol o 3-
39900 3shg9bgd@ol gosbyomodgds. sdogg dobbom dgodangds sdmgoygbmm 3§ jdo0-
3oL ©Mmbggdol og@BMIMm@gmsizooll 3mgx030gb@gdo. Bgbogbiool  Godo dgodmgds
©535020bmm Lofgolo s godesddbogro wmbggdol 3oMggero Mool o3& M 3mEAgans-
300l 3mg803096@gdol dgsdgdom. my @@momn dfGogb [EHgog0 B@Egbwo  ojqb,
dobo dgbmdgaro y, ©o Vo1 ©@mbggdo ddo@Ee e@gers00dos. 53 ‘dgdmbgggsdo
LoFgolbo 73050l 30Mg9e00 @oqol 5g@M3M@gesizools 3mgxn030gbGo domsmo b-
s ogmb. oy @050 o@msfG03 BE bl dgoiog,  dosgogromsw, 9 bsmbybBob
Rm@dom, J>dob bsfgobo dffymogol ©mbggdolb grmgs@omdgdols so@mggemo Gogol og-
GG ans00l 30995030960 996G dowsaro oifbgds, gowmg Lofyobo wmbggdob-
mgol godemmgaroaro dgbsdsdobo 0990309650

&M9bonma (33m30780b 33dmygbgds MgaMmgboym s63mnbdn

gatgbome sbosmaddn @Mgbol dJmbg  sbabLbbBoema o6 83bLBgmoO (33moadals

a0dm3gmaqbs Ly3zdomm FoMEngns. M3oM39emalb ymzmabs, (33mo©gdda GEMgbonl ombg-
dmdobal oM oMol smz0mgdgmon, MM saMmE3glb 3mobogymo BHgozo Imogmal
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©53393980. 853698 BBObomsE Y6s 30ym® 08 BBl 398m, GBI o I3GHZdS®O
B696@0b 3dmby Bod@mGgd0, GmBmgdoas asgmgbol sbogbl Ye-bg, dgodmgds jmeg-
o®gdgme agmb  58bLbger (33mORY606. oy sbge Jgbodergdermdal 33 Ye3gdgm-
34mRm, Jg0dmgds Bogomme (36 ©o3m 0 dmmeds Yi-bo ©s gihm o6 358 ©8bLEgE
(3300l 3mob. §BI6olb 8gmby ™G 96 398 (33mmenl dmGol ©s8mgoEgdmmgdals
%96m8960, GmBgmog Bbmmme 0ommgmmol ™30 BB bogudzgmby as8mgmab-
©gd, 369 GgaGgbool 3G@3mgdab dogomomos. bodgpbogBmm, asbEmmIdsdo
©G®000 F6@0b BoGm3s 58 3Gmdmdsls blbab.

HgGm 960 3mB3GHaEmmmdabmgal gsbgobommaer dmmgmo, GmIgmdags Ye asbo-
LoDgBIBs MO 5330393500 Xe1 ©5 Xz BOJEMBON ©5 ©s)330M395500 oI M-
G300, GmIgmgdai EGMob (33momgdsbmsh gBmsn bobegds@mon 0bMogds o6
83060955 50B0dbrml g8mga0 Bmpgmo sbebagl:

Ve = Lo + BiXe1 + Baxey + Bt + uy. (8)
9L gob@mmgds  IMegmmdomn BMR0z0 MHgamgbol obgo LEGGNYJGNGSL gLosggds,
bowas X3 = t. 300m35mabbobgdor Mo (8)-do §Mgbwl, 300 (3boo 3om0sMgdm, GMA
Mmob 3bgmgmmdabmeb ghmee Yy dgadmgds 0ndMEgdmegl (B3 > 0) 96 (506w9-
dmeaglb (B3 < 0) J0Dgdms go8m, HM3mgda 9Mbgdomsem Xi1-bd O Xp-006 ©s393d0-
(9090 o6 5M0b. o9 (8) 3mobogne 053398980 o 330ymnomadl, 85306 t-b sdmmgds
93609600056 ©d Yi-b M9acgbomads x11-bs ©d XDy, BmamE 3 Bgbo, Bi-abs s f,-
ob  gomosmaomadymm  J9i30bgdgdLb  Imaz398L. gl gobbsgmm@gdom  FoFmgdaemo
3090bos, MM(30 X1 @O Xy Mmogobmogoe GMgbalb jmbgs, Moash 93 dg3mbggzeda xyq
5 X¢ dg0dmagds 8dnMm 3mEgms 30030 50dmAbogl t-bosb.

Bmax M Mmoo GMgbool 858 gdsL dgmdemoas doMomswn s3bLBgem (33mawo
@pmm 8603369mm3b0 gobomb. gL 80dnbss dgbodmgdgmo, MM e ©eIM 30adm ©d
©58m9 3000989 (33mo©93L bbgosbbzs BndsMmmmgdol GMabogdn goshbas (8sgamo-
0@, 90l smdsgomo s 3gmMglb — omdsgamn), BogMed sdma300gdgmo (33emenb
dmdMomds dobo GM9bolb 0Mmg3cm03 063936 ©odM30adymo (33mmoal gopssogo-
m93938L dobo FMaboal bababasb.

Mmoo GM9bool RoMmazs  Mga@abomem megmdo Ladmomgdsl g3odmasl
Labyol Imbo(398mes 36 3M03980 a335m330byRMmme §FM9babasb, Lo6s3 Joo Mgacgbo-
mem 9bomnDddo go8mzg0ygbgdm. ©s3Mb 3698 gdnbmgal gm3mbomgdsl dmgebrogbo (8)
dmEgmdg, 0830 ob336gd0 aszamgdom Dmaswo babosmab ngbqds.
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X1 b9, Xz bo @5 £-Bg Ve -b  Ggadgbool sagdem jmadmmmde dmeagam
2 5B@@madsb:
Je = Bo + Prxey + Paxe + Pst. 9)
3g0dmgds 3oB306mm, Gmd Bi s fa 353aa0 36m (39070l 468mygBgdac daomgds:
(i) bsm0msm@ 53530 Yi-b,  Xe-bs © Xrp-0b Gacgbogdo @303k ©s EG®N
86960%0, t-3g, ©5 J93065bmon BRBIB0, GmdmgBlsgs 536086530 dbodsdabor Ji-
0, 11000 @ Frz-007.  BoR0m00SD,
Ve =Y — Gy — aqt.
8535bosdy, Ji Bgadmgds a0b30bomme BBz ©IBBIEAB3mmb  Gmmdo. 93
36m(39530 OLS-000 3930035590 dm@aemo
Ve = 0g + a1t + &
5 G936abno & = J; 6sBBYB930 3535ms30bmRmIm EAMom BRHgboobasE (Lam (z0-
6, 58 BeB3080 Bo06(3). Bbaogbo nBBIPIRESE05 3G(39mEIds Fer -bs @5 K-y,
(il) 050800
Je-b Bgatgbos Fei-bo o Fep-by. (10)

(G9369b0530 dm8030L BsBmgs bogommgdammm o6 otob, 853608 on Jgz08bm, ob
5653960 3g(33m0b: ob Jgxsbogds Gmgmes Brmo). gb Ggadgbos bbeee  (9)-3o
398535 Br-bo 5 fo-b agsdmgab. 858sbo@sdy, dgagadmos 300d300, Bm3 Bggbogals
L306&gGgbm B o B Bgnsbydgdo Boomgds @GMom0 GFHbrobash asmsgobmamg-
6o GgaMgboogsb, GmIgedos, HmamM3 @M ordYme, 2by3y @IMYIorgdgero

(33900980l ©yEFMbnMgds (PMmomn Bqbwgb(30960Lasb gomagaobmaggmgds) bobobbsm
a0bbmE(309mes. gL 0BG M3 gGs0s  dabowgdos 03 dgdmbggzabomzobs,  Gm(ze

©380300g3g@0 (33megdob  BomEgbmds 63d0bdngMos s 08 gdmbzgzoborgobss,
B3 BHI6L0 J3oRGGMEm0 56 bb3s bsbol ImeobmBosmn@as.

G t BoGorgmo o6 sGob (8)-30, BFbabash gomszobmamads 56 brgds
©3 3gbodmms V; 030380693 mmo sm8mBbrgl B0 96 Gdrgb0dy x.i-bosb bmmme
080§m3, B3 Moomgmmo domasbo GH6EL dgn(zogh. o GHgboab BggGo bgsgob-
Bognion 8603369mmasbos ©> Ggamgbosdn BMgbwob BsGmgom Jgogan 3603369-
(03960 0(33mgds, 35806 BF6w0b 3093y Bomgdme baByol gwgagdlh gd300 6
dg3bormo.

Bi-bs o Br-obs 068963685300 3308336930, Gm3 Hgamgbosdo @Hgbool Botmas
39630 b0, 3530653 g0, Gogs 6gd0bdage ©sBmu3omgdgm (33eenl GGgboo
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300BB0o, beagne ¥, G960l gomgdgs. 0w y,-b gbsdhbgze GFHgbn o6 sd3b, Bogod,
301350, Xy ©FmDY 8 gogdnmsn 0dGHEgds, 85306 GgaMgbonosb §Mgboob
58m g8 Bgadmgds abgmo brfacmo 334865, mnmgmb x,1-b sGebsntn asgmagbs g3l
Ve -bg, 85306 Gze @bl gobba@og X -0l Bmd@omdal dgadmgds asgmqbs
3dmBgl Ye-Bg. 50608bgmals gsB8mgmabs 3gbadmmgdgmos, mu Gaafgbosd s8bbEgm
(3300000 Bs3@mozo t-b.

LydmbyMmmads

o) EGmoo 38 36G03Dg ©833003980 M30mG0 o6 J3oBEsmGa (56 330Ggmmo s
eov@0) bobdafoo bogds, 856 gndmgds asdmsgmobml bybmBuyFmds. Bsgsmoms,
30650339690mmBg30l 3Gmgd@gd0l Mz0060 Bompgbmds 580600l dmng® asgmgbsb
aoboz0b.  Boubgosga  08obs, Gmd 580boo ot gggmmBomen  dgdmbggznmos,
©o@B39690000 Jgndemgds aovdzel, GmB 0go  0sbgeMdn Bmass® BGM 8353600,
30069 0360L30 ©> s30Gm3 30bsmdIgbgdmmdgdal 3GmgdGgdel Mmz0mma GHemogbmds
0360L30 BmgsEs® NBH® ©Es, oMY 15635630, 58 gg6mBgBals Bmogmagdals gfHo-
9600 3B5s, Mommgamo 58 mgabogal v, 86 3G030l ©MBgdab Bsmgdsdogm@o mmmo-
Bgdal go6bbgoggdammds ogdzem. Jo@gg 9Hm0 Bogamomn bszsmm goyoggdl gb-
985, Gmam(s Bgbo, bazamm gogoggdo dgmaby 3ge@Eemdn, dmdal omgbsbBasmal
308m, G Bomamos, gopfg Bobs Lsd ggeMEomdn bamomsma. 58 gad@al sbsbgo-
borgols 3gemsg Bgndmgds wagedgem, GmB bedmomm goyonggdo Brob as63sgrmmdsdn
ao6bbgoggdumos. astos 580bs, Jgadmgds 3135000 BHg6Nb ddmby badusmml o6
bgdmds. Bogamoma, JoMdsbrgma Jofggmo 33oBEMl asyn©3gd0 WBGM Bomomo
04, 3006y Bgmoby 33oMe@amal asynwagdo 20 Bralb Bob, Gowpash bagsmm goyom-
3930 LEsdomuGen 0bBEgds. $30b donbiosgew, om Godnmo Brmolb as63sgmmdsdo
beduarmm asynwagdl gGMIsbgol Jggosgdm, 3bsbogm, GmA Lybmbmn mgbsob-
Bouemgdol god@m@lb Ggbogos odgb - aobeMomb asynwagdo dgmaby 335G@smdn.

N3006 ©5 J3oGHGImE dmba(398ms dagsma 3B3Gngn bybmbrBmdal buyGsmls
Booma sB39698L, 0md(zs oGs Yggms dsmasbo. Bogamamswm, bgbmbymmdal buyGscon
39bo8RBg30 o ool LedGm3g6@m gsbszzgmabs s 0bgmszol Mg ©mBggddo.
535bms6, LybmbyFo 863M03930 bdofon bybmBuymsp dmbBm@gdumoas asdmiggy-
B9358g. sbgon 863603930006 bybmbrHmdal gsd@mMgda BabslBs sdmmgdumoas.

bybmbyFo BmbBmMgds 0wgbsm gogMEgmgdnmo asbms, Gm Gog dgdmb-
3939530 3gdemgdgmos dmmbBmmgdgmn dmbs(3g9g30l bobgs. 580l 3 gss Bsgsmamns
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3390 oo Jomosbo Jogs 3Mmeed@o (333). Bmon® 93mbmBoznm sbgsndgddo
30dm 7399690 35 360mMg3mbmBogm® dmba(3gdms dg36n 3636030 335G ommma bob-
doMobos s, MHmImgdos LybdMbYEMSaL J93(339em0s, LydMbYFo 3MMg]&nMademas.
35360mq3mbm3n 3o Mmmomon 36 30035980L 8mogemn Bysmada dMsegzem 863603L bLg-
BmbMom dmbbmEgdmmb 043994693L. 5308 m3 Lo gmmemn domgdoo bybmbaMaw dmb-
bmcgdobogol LogMsg Lo 3dsme dgdrymos.

bBmgrg® do0bz 3306936 LYBMBNMSE FMLILEME g dMBo(3939356 Bmdomds
3 babofMagdmms 30(3mEam, MHm3 Mgamgbomem dmegmgddo s@bLdmdL LydMbyYHMbal
35035m0bbnbgdol oM@ 030 3gommmgda. dBmaswsm, Imegmdo bydmbaMa godoyca
(33m3©380b LodMogmal RoMmzom dgazadmoas o3bLbsm bybMbGMIs ©edm 30 dmm,
053m9) 3000989 8b MmE03g babol (33medn gMms.

doamds oM@ 0305. 3399335m, a3543b mgz0Fn 3mba(393980 s 3G0dOMdm, MHmA
LyBMBYEMSL LEEONIG NG Brob dogbom Essbemmgdom FnEdngns OHMMs as6353-
mmdadn. 3og5m0maE, Moash dmds ymggmmzgalb Bmol dmmmb sMab, 39mom, Gm3
bogomm gogow3gdo Bmol dmmmbmzob Ladnomme Madm dsmsmo 04bgds, 306
Bobs ®39983d0. 96, Moasbsz 930bmn ssbrmmgdoo gHmbsnfos Brgdol dsbdoembg,
dm3zgmom, M3 dbogbymolb 39830 306503d9695emmdgdal 3Mmagd@qdol LodMagmg
badmommm MgEmm 8580 046935, 3006 BadmEal mg993d0. Dmaswn dmEgmo mzanco
3mbs(393580bmgal, bLoss gb B3gbmdgbo 3oMmaswm sabsbgds, sbgmons:

Ye = Po + 6, feb, + §;mary + Szapr, + -+
+611decy + frxe + o+ PraXen + U (13)
boo(y feby, mary, ..., decy god@onmo (33me@ados, GmImgdois a30h39693L dgqbe-
353900 ) oM Mmob 3gMomeon t dgbedsdol m3qL. 83 GFmMEIMmoMgdsdo nsbgzefn
bodobabm mgg9s s By gows3zgms 3obo dgbodadnbos. o9 ¥-do LDMbYEMds 56 sMab
@5 ol bmmmE X000 3MbGOHMMmEgds, 35306 §1-056 §11-0g yzgms 3mgya(3096@0
Byeal Bmeo 0gbgds. 50bndbymolb d33mb3gds sznmsw dgadmgds F §gbno.

e Imbo(3939d0 330G o nEns, 35306 4-0b Bo(z3ma@ Lodn gogd@onma (33me-
©0 Mbos d908m30896mm, bmmm asdm@m3zgdamo 3o gam@ns bodobabm 335M@smn
04696s. Bmax g 30bsbdgbmboemns 53bLEgm (33memo LybMBYMa BoddonFo (33emo-
©gd0b  Mm3gemodg x;j-beeb YHMngHNddggdol gobbomgs, Moms gogomgsmobbobmo

Brmols gobdogemmdsdn x.j-b gobbbgeggdmmo gogmgbs y-by.
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mam&o 0b@ M3 g8o(309(3 ©93L Mgamgbosdo EMmomn GMgbool RsMmgsel —
3mbs(393980L asmagobmagzmgds &Mgboobash, sbgmngg sbbbs o43b Mgamabosda bgdm-
b0 god@onco (33memgdol RoMogel — dmbs393900L gomagzabuaygmgds bydmby-
Am3abgsb. mgombohnbmgdabmgal (13) aob@mmads gobgobomma dgdmbzgzobogal,
g k= 2-b. OLS-000 x1-0bd o X5-0b 3mgg0(30968 9300 By ©o B, dgiobgds dgad-
maods sbg dngommon:

(i) bLomomomm 3353mM Y=L, X¢1-0bd @S Xp-0b Bgagbos  Fndogbs s Mmz0m@
god&oyé  feb,, mary, ..., dec, (330090bg > dg3065bmen  bachgbgdn, zodzem,

Ver X1, X2, t = 1,2, ..., n. ogomomo,

Ve = Y¢ — Qo — Q1 feb — Aymary — -+ — @y decy.
9L 860l mz0mo eOmomo 36360306 LybMbYOMALasb gsmegzobmgmgdol gemo
3900mE0. 3bsmma0@n 0b@ g3 9@ o300 goohbos Xy -bo s Xip-.

(i) s308mm J-b Ggadgbos ¥, -bs ©s Fp-by MgonGo godogo (33mongdals
356933 9b Begg(398L By -bs o Po-b.

BoogRG, Boazs Vel 833900600 as8mbogmmo bybmbunGmds 5d3b, BmBagdal
LoDbGob w3gmgbo bsdmBas LybmbnGMBalash asmsgabramadnm Ye-bg ©sdysty-
By R-33006s80. ob y3gms 08 bbb g39d8b asdmabegl, Gog xyj-b Boge
sbbBma o6 o6,

bybmbyFHmdal 8dmby Bmamn 863G03930 Jgadmads EGmom GMgbobs dg-
035809L. sbgor Igdmbgggedo, Bgatgbol Fgbsggabgdgem BmEgmde wbos asgomze-
m0bB0Bmer EFHmomn GHg6mo ©s bybdmbayme gad@onGo (3amswgdo. 85306 8 baboo
3gboggslgduymn Bmgma Bgadmgds s3bLBsc, FHmames Bgamgbos, GmBmog GMHgbwo-
bs o bybmByBMdAbasE gomsgabigmadanm nGmam 863Gnggdl nygbgdl.

mmoonon 363Mn30b d9350a969ma 993968980l a56LsbdmzMab ydosMmEngzqba
dgomegda

F396 1339 ©03603b5m, HM3 EHMom 3636030 dgadmagds smabgMmgdmmal swnd0-
M0
Y=T+S+E

ob 3@ 0dmo 3o mco
Y=T-S-FE
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dorgmol baboo, bewsg T GFgbonmo 3md3mbgb@ns, S _ Lybmbaymo 3md3mbgbeo
©s E_ 3980b393000 3033mBg6@0. 8 dmpgmadl dmeab s@hggsbo jgmmgds bybm-
Buyto Bbgggdal bEGnEmGb sbamabal bsgudzgmbdyg. o Bbggal s33mauos dosb-
mmgdoom Budng0s, 559896 EGmoma 36 3G030l s@0GN® Bmpgmb, GBmBgmdac bybm-
Beg0 3mB3mbg6Eab 3603369mmds 40803 bomow e asbobomgds. ;e bybmbna Gbg-
39%0b 583mo@ s 0dHEgds o6 (3065, 539396 BumE03mos30m® Bmpgmb, Gm-
Bgmo(s 86360300 mBggdl bybmbyM 3m33mB6E DY admnwgdamsm gobobomagl.

™oz G03ab mpgmol sggds ©anyzebgds 8B 36H0g0l ymggmo mBabogal T , S
0o E 8603369mmdgdal go6bsbmgmsdy. ao63060mmom, Gmame bogds gb.

©Amacnn 3636030b sogog@o dmpgmab 53930 dgmmengs. ©s31dGNERIC
(3bGogm 1-30 Bmygsborm ©Fmon 86 36Gagl, Gmdmal gobbormgabsl goBggbgm, Gmd Bsls
300BB0> bgdmbey@o Bbggs 4 j3omEmab 3gMompummdao. 58sbosh, 58 36 3Gngal ame-
53030b 0565635 (0b. Bob. 1), Bgadmgds gogsFomomm Mhggol Essbrmmgdam msbsdstn
583m0s, B3 86 3H030b sEod 0 dmpgmmsh JgbsdsBabmdsdy dawmmaomgdb.

653030 1. 8mgobBmGmo 86 36030 83yMeg0 badysmmb 8gmmpam. 58 BobBoo:

_ Bggg60dman 3636ngob @mBygda ymggmo 4 3gef@mobogal mGmab gfomo dm-
89680b d3foom > asb3bobmame gmad@mmgByGanalb Bmowo BmbBsfgdal Samm-
B0o0 Bmznmmdgda (85-3 bgg@o (3bGocm 3-3o);

sbMomo 3. bybmbayMa 3M33MbgbE Nl dggoLgdol asdmmzms soG Mo dmmamobogal

3350&mal | Egemgd@® mobo mobo 396806y | bydmbyma
bm3dgfo ™ gbganl | 339M@mal | 33oMGmal | dyemo 3M33mbgb&a
dmbdatgds | xodo Moz 3oz L dggobygds
Lodmaemm Lodmaemm
1 2 3 4 5 6
1 6
2 4.4 24.4 6.1
3 5 25.6 6.4 6.25 -1.25
4 9 26 6.5 6.45 2.55
5 7.2 27 6.75 6.625 0.575
6 4.8 28 7 6.875 -2.075
7 6 28.8 7.2 71 -1.1
8 10 29.6 7.4 7.3 2.7
9 8 30 7.5 7.45 0.55
10 5.6 31 7.75 7.625 -2.025
11 6.4 32 8 7.875 -1.475
12 11 33 8.25 8.125 2.875
13 9 33.6 8.4 8.325 0.675
14 6.6 334 8.35 8.375 -1.775
15 7
16 10.8
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_ Bomgdamo godgd0b 4-Bg asyma00 3sdmzmgemme dmbBmGgdmmo 36033-
Bgmdgd0, GmBmgdocs o6 g0(39396 Lyb@ba® 333mbgbEL;

_ 8mgoygobmm gb 860336gmmdg30 BM0b BodBm3G03 mbo3gdgdash dgbods-
80bmd5d0, Bobogobs as8mgmaammm mGo 096808pggGmd0mn zmmogo bodmsemmb
LoBgorm sBHoMgBogMmo _ (3968 G0Ggdmmo d(3mGogo badmemm (8g-5 bggdo (36Gowm
3-30).

633050 Il. 3m3dgd6mo LybmbaGo 3m33mB36E0L gnebgds Gmamey Lbgomds
36360300 3oJ@MdG03 MBILs ©s (3968B0Mgdm d3mGeg bodmsmmlb dmol (39-6
Lggdo (3bGoe 3-30). gb Bgxobgds 353m30496mm Lybmbamo S 3m33mbg6ENL asdm-
bomgmgmon ((36Gomo 4). 53 80Bboc ymggmo 3goBEmobogzol asdmzmzemmo
LydmbmGo 3m33mBg6EL S, gxobgds (yggms Bemobmgob). Lgbmbamo 3m33mbgb-
B930L 8mgmdn, Gmames Bgbo, 0gmmobbdgds, Gmd Lgdmbamo bgdmddgwgdgdo
3960mob 856353mm3s30 9Hm0gBol sdBm3l. s@ogon® dmegmdo gb 6036s3L, Gm3
LydmbmGo 3m83mbgbB 30l K80 yggms 33oBEmAb Bobgmz0m Bamal Gmemo wbws
0gmb. 8m393geo dmgerobogol azod3b

0,6 — 1,958 — 1,275 + 2,708 = 0,075.

3bMomo 4. bLybmbayMo 3MI3Mbg6E L 360d365mmdal godmmagms so@nno

dm@gmobogob
EbﬁﬂﬂEUE‘UC‘ﬂ Egc\n dabﬁ&.qnh Enaﬂl‘;:-r |
| I [11 v
1 - - —-1,250 | 2,550
2 0,575 =2,075 | —=1,100 2,700
i 0,550 2,025 | —1,475 2,875
4 0,675 -1,775 - -
sgadn dgbatadnba _
R bt x | 1,800 | —5875 | —3,825 | 8,125
bﬂ%ng-ﬂl’;n dnaanEﬂE&.nh
b lmamim dgapalghs | T x 0,600 -1,958 -=1,275 2,708
4 1 1o g
bg%nE'ﬂI’an dnaanEﬂE&.n, .T; x ﬂ,jgl —1.9?1 _]_qu Ilﬁgﬂ

a0dmgmgammo 3s3mMgdGntgdgmo 3mgyo30968@0

k=0,075/4=0,01875.
a0dmgmzgommo bgdmbyFa 3m33mMbabEGNL 3mMMgdGnfmadmma 360d36gemmds, Mmam(s
bodmamm dgizabgdobs s 3s3mMMgd@ncgdgmn 3MmgBn3096@ 0L bbgomds

17



d9303mBIma LybmbyHn 3M33MbY6EG ol K530l bymsb Gmmmdal Sommds:

3535bo@sdg, dngnmgo LydmbaEo 3mM33MbgbE 30l dg3gan 3603369emmdgda:
| 3396@omo S, =0,581;

S, =S -ki=1234.

0,581 — 1,977 — 1,294 + 2,690 = 0.

Il 3306800 S, =-1979;

Il 33068 0mo Sy =-1,294; IV 335680m0 S, =2,690.

dg3089bmo gL 36033bgmmdgdo  (sbGom 4-d0 ymazgmo Beol dgLsdsdabo  3zem-

Gmobogob.

6530x0 lll. LadmbyGo 3M33MbgbEG L gmrndoboMgdobsmzol Mmoma 36360300

4m3zgmo mbomsb godmgmazbmo Bzgblb 3096 dgiebgdagmoa bybmbaymo 3m33MbgbE) 0.

dogomgdo: TH+E=Y-S -b (894 L3g®o EbGomS-do). b 360d369mmdgda @M™AL

ymggmo  3dm3gb@obomgol  asdmamgmads

dgdmbggzom 3m33mbgbaL.

3bMomo 5. ImLBmEMgdmma T' s E 3603369cmmdqbals godmmgmes smadogo

> 3go3egh Bbmmme  GMgbram

dm@gmobogob
+ = E= ¥y =

B I I :r,fS, T | tes |Jgugl B

1 2 3 4 5 6 7 B

1 6,0 0,581 5,419 5,902 6,483 -0,483 0,2333
2 4.4 -1,977 6,337 6,088 4,111 0,289 0,0835
3 50 | —1,294 6,294 6,275 4981 0,019 0,0004
4 9.0 2,690 6,310 6,461 9,151 —0,151 00,0228
5 7,2 0,581 6,619 6,648 7,229 =0,029 0,0008
(3] 48 | =1,977 6,777 6,834 4,857 —0,057 0,0032
7 6,0 | —1,294 7,294 7,020 5,721 0,273 0,0745
8 10,0 2,690 7.310 7,207 9,896 0,104 0,0108
9 8,0 0,581 7.419 7,393 7,974 0,026 0,0007
10 56 | =1,977 7.577 7,580 5,603 =0,030 0.0009
11 64 | —1,294 7.6594 7,766 6,472 =0,072 0,0052
12 11,0 2,690 8,310 7,952 10,642 0,358 0,1282
13 9.0 0,581 8,419 £,139 8,720 0,280 0,0784
14 6,6 | —1,977 8,577 8,325 6,348 0,252 00,0635
15 7,0 | —=1,294 8,294 8,519 7,218 =0,218 0,0475
16 10,8 2,690 B 110 £,698 11,388 —0,588 00,3457

6530x0 IV. a563bsDm3Gmon hzgmazal Lonb@gMgbm dmwamol T 3m33mMbgb@o.

830bomg0l dmzobbmEmo domgdmmo T+ E 3636030 b6Hgn30 &G gboal asd8mygbgdoon.

3mbbmEgdalb sbamadaMa dgogans

T =5,715+0,186t,
(0,015)

R? =0,915.
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Rogbgom o8 gob@mmgdsdn ¢ -l 860336gmmdgda: =12,--16 . Bogomgdo Ggbwols
©mBgg3L MMl y39ms 8603369mmdaborgals (3g-5 bgg@n (sbGoem 5-30).

6530 V. 8mgdgdbmm spo@omio mogmon damgdama 86 36agol 8603369
mmdgd0. s8obsmgob T ©mbggdb wogsds@mo Jgbsdadabn ggef@mob bgbmbiyo
308369680l 3603369mmds (3-6 bgg@o (3bGoe 5-30).

653agn VI. spo@oneo dmogmol 53930l g0me030b 3gbsdsdaba dg3emagdo
39900930 Lsboom gonsbasodgds:

E=Y—(T+5).
9l s3bmmunnGo Jgipmdgdes. dsmo 3603369mmdgdo mygsbamas (3G 5-0b 8g-7
b3g&3o.

G9a6gboob Bmpgmal bgogbsm sagdugmo dmpgmal ge@aabosbmdal Jgbsgze-
bgdrmae 3s8mnygbgds 3g3mBgdal JgeMs@gdal 1o8n, GBmBgmar Bmzgdumo sEndo-
0 Bempgmaborgol Jgoaghl 1,1-b. beduammosb gosbBgdal j350Msdgdalb d0dsmo
9l 8603g6gmmds 1,5%-bg mebsg 8g@0s:

(1-1,10/71,59) - 100 = 1,536.
5d 71,59 560l bsduommesb asobol 33o0Ms@gdolb gedn. Bs3sbasdy, dgndmgds

0 g3sl, M3 gobbommmo sod oMo dmegmo @Mmaomo 363600306 Mbgqgdals goGne-
300b 98,5%-b bLbab.

Amonn 3636An30b Im@odmoazsGymo Imegmab 53930b Igomengs. 33emo3
aobgnbommo dogomomoa. 3ogdzem dm3q39mons 3md3sbool dmagdol 330M@ome&a dm-

Bo(399930 4 Brmobogal ((3bGomo 6). m) 5353930 98 EGmom0 3B 3GH0gz0l gGsgagb (6sb.
2), o3060b53m, BmB bobgbgs Lybmbrma Gygzs mmbigeMEmasba SgGompm, sdsb-
06, 808m3g900m0s 3636030l EmBIgBb gmgdswa §36mgb(300. gmB3sBaal magds
aobogbum-Boggbuymals 3gfom©dn aGm Bsmsmas, 30@Mg Jgdmpamds-bsdmmal
3960m@dn. Gewasbog bybmbumn Gbgzal 83magmms d(30Mwgds, dgndmgds ©ogw-
3300, Gmd EGmoma 36 3G0g0l Bmegmn BumEodmagson@os. asb3bsdmgBma abo
30330696850

65300 I. BmzobBmBmm LsByobo 863@0g0 B3Mago bodusmml dgmmmao. o3
oDy asdmygbgdumo Bgmmpogs dmmasbae g8mbgggs sEoGMo Bmugmabmgal
358my9690mm Bgmm@ogob. gosbasadgdal Jgogagde dm3gdummoas (3bGHorm 7-3o.
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3bMoemo 6. 3m335600L Imggdol Imbs(3939d0

da.}l"?-&..‘:p:m
Eﬂcil'l
I I I v
| 72 100 90 64
2 70 92 80 58
3 62 80 68 48
4 52 60 50 0
FI &
120
100 ~
80
B0 -
40
20 1
0

| A S S S SR S R S
{

8 9 10 11 12 13 14 15 16
bob. 2

6530x0 Il. 3mzgbsbmom LybdmbyHn 3MB3MbgbEGNL dgobgds 3b3M030lL Bod@ma-

— T T T T T 1
1 2 3 45 6 7

G050 ©MBab (3966 GoMgdum 83mmsg badusmmdy asymaen (3g-6 bgo (sbGom 7-30).
358m30496mc gb Bgaabgds LybmbymHa 3mB3mBIBENL, S -0b, asdmbsmgmagma ((3bGo-
o 8). 580bocgol as63LsbM3HMe Ymggma J3eMEmal bybmbrma 3md3mBgBEL S,
bedugamm. umEodmn o306 dmEgmdo bybmbamo bg8mddgngdgdal BHmagfhmBbag-
Gmds gmobbdmdl, Gm8 gggms Jge@mob bybmbnGo Jmd3mbgbEgdal xsBa wbos
BGongb 3gBomgdal Gosbalb (303mdo, Rggh dg8mbzggede, 4-b, Gowash gHma (304-
ol 3g@om@egemmdals Gosbgn 4 330GEmab Gmmos. agedgl:

0,918 + 1,209 + 1,088 + 0,808 = 4,023.

3bMomo 7. bybmbaMa dgxaebgdgdal assbgsmndgds dnm@03mozs@nMo dmmamobogal

3350&malb | Egemgd@® mobo mobo 396806y | bydmbymo
bmdgfo ™ gbgfanl | 339M@mal | 339MGmal | dyemo 3M33mbgb@alb
dmbdotigds | xs80 Aacego Aacego dggobgde
Lodmaemm Lodmaemm
1 2 3 4 5 6
1 72
2 100 326 81.5
3 90 324 81 81.25 1.107692
4 64 316 79 80 0.8
5 70 306 76.5 77.75 0.900322
6 92 300 75 75.75 1.214521
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7 80 292 73 74 1.081081
8 58 280 70 71.5 0.811189
9 62 268 67 68.5 0.905109
10 80 258 64.5 65.75 1.21673
11 68 248 62 63.25 1.075099
12 48 228 57 59.5 0.806723
13 52 210 52.5 54.75 0.949772
14 60 192 48 50.25 1.19403
15 50

16 30

3bMomo 8. bybmbayMa 3M33MbgBENL godmmgms FnemEndmozs@mo dmgmobomgals

o n
3aRggbgd oo Tox PRSI
I 11 11 v
1 - - 1,108 0,800
2 0,900 1,215 1,081 0,817
3 0,905 - 1,217 1,075 0,807
4 0,950 1,194 = -
e dn an e gon ® 2,755 1,626 3,264 2,424
|d;3.)F::-é.|:m|:nm;3n|:p
bygbrbgfn o8 3nbgbank x 0,918 1,209 1,088 0,808
badmamim dgmosbghs
U'll'lﬂ'lﬂﬂ‘ﬂcll'l dabﬁ@@nhmanh
4rF g d@n@gimcn bybebnfa x 0,913 1,202 1,082 0,803
d.—:EIJ.—:EﬂE@,.-.

aodmgmgammo 3s3mMgd@nmgdgmo 3mgyo30968@0

k= 4/4,023 = 0,9943.

3563bobmzOMmm LydmbyEn 3M3I3MBbEL MG ncgdmemn 36nd3bgmmds, Mobomgo-

Lo Bobo Ladmsmm 360336gmMds ao353@Md3mmm 3o 3mMEg]d&0Mgdgm 3MgR030568 by

S, =S -k, i=1234.

d9303mBImam bLybmbyEn 3M33MBybEG ol Kool 4-msb Gmemds:

0,913 + 1,202 + 1,082 + 0,803 = 4.

3535bo@sdg, dngnmgo Ly dmbaEo 3M33MbgbE d0l dg3gan 3603369emmdgda:
| 3396@omo S, =0,913;

Il 3306800 S, =1,202;

Il 33068 0mo0 Sy =1,082; IV 330680m0 S, =0,803.

dg3089bmo gl 360d3b9mmbgda (sbEom 9-d0 ymazgmo bBemolb dqLadsdabo

mobogob.

33°608-
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3bMomo 9. ImLBmEMgdmemo T' s E 3603369cmmdqdals godmagemes

3@ 030 oG MM dmmgmobmgob

T-E= . E=y: |EF=y- 2
A% S =gs| T TS sy |-a's| P
1 2 3 4 5 6 7 ] 9
1 72 0,913 78,86 87,80 80,16 0,898 -8, 16 66,66
21 100 1,202 83,19 85,03 | 102,20 0,978 -2,20 4,86
I 90 1,082 83,18 82,25 £9.00 1,011 1,00 1,00
4| 64 0,803 79,70 79,48 63,82 1,003 0,18 0,03
51 70 0,913 76,67 76,70 70,03 1,000 =0,03 0,00
6] 92 1,202 76,54 73,93 88,86 -1,035 3,14 9,85
71 &0 1,082 73,94 71,15 76,99 1,039 3,01 9,08
2] 58 0,803 72,23 68,38 54,91 1,056 3,09 9.57
0| 62 0,913 67,91 65,60 59,90 1,035 2,10 4,43
10| 80 1,202 66,56 62,83 75,52 1,059 448 | 20,08
1| 68 | 1082 | 6285 | 6005 | 6498 | 1047 | 302 | 914
12| 48 0,803 59,78 57,28 45,99 1,044 2,01 4,03
13| 52 0,913 56,96 54,50 49.76 1,045 2,4 5.02
14| &0 1,202 49,92 51,73 62,18 0,965 =218 4,73
15| 50 1,082 46,21 48,95 52,97 0,944 =297 £,79
16| 30 0,803 37,36 46,18 37,08 0,809 -=7.08 | 50,12

63300 . LsBgobo 863G 030L ymzamo EMBY 3o39mm LydmBYG JMB3mb6E 0L
39b58580b 8603369mm3oDy. 8ogomgdor: T-E=Y/S -b  (bggdo 4 (3bGoee 9-30). gL
239600369m0 g0(3530L Bbmmm &96096(300L5 ©s 398mbggz0m 3MBIME468)bL.

63300 IV. 2563b0bm3Gme nmE0d3moge@ o dmogmob T 3md3mbg6@o.
580bomngol 8m3zsLBmEGmo T -E 8636030 BMx030 @M96mob 358mygbgdoom. sbomoba@o
3mbBm@ 9300 398930 3568mmgds oomads:

T =90,59 -2,773t, R* =0915.
(0,226)
Bogbgom o8 a06@mmgdsd0 ¢ -b 8603369mmdgdo: £ =12,--,16 . 80300980 GM9brob
©m6993L EGH™ob yggms 8m89680bmgal (85-5 bggdo (sbGom 9-3o).

635300 V. 8m3dg86mm Bam@Bodmoge@amo dmpgmob ©mBggd0, Gabomgaba(s
25358G03mma T -b 8603369mm3930 Jgbsds8abo 3368 mob bydmbaMo 3m83mbg6E 0l
8603369mmdsBg (8g-6 LggEo (3bGom 9-3).

6530n VI 3qm@o3mozodacdo  dmogmob  39(30m830 358mga0  Laboom
2500635603 93s:

E=Y/T-S).
Bocmgdmmo 8603369mmd930 dmygobomos (3bGom 9-0b 89-7 bgg@do. o9 Bg9(30m3gdab
©Bmomo 3636030 o6 Jgo3osb o38mgmGgmaz0sl, 8obo as8mgoygbgds Jgodmads
LoByobo  8B3M030L  Bozgmor  Lbgs ©Gmom 86360393006  ©8mgogdmgdals
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3bobBogma. 0dabsmgal, Gmd mm@Eodmoge@udn dmpgmo Jg300sGHMmm MMM
86 36030l Lbgs dmmgemgdl, spogonn dmmgmoals Bbasgbow Jgndmgds asdmzmgammo
s3bmmu B g3emdgdol  ggeGe@gdob  xsdo.  Jgiomdgdolb  s3bmmedo
8603369mmds Buyrm@03mo s Mo dmpgmabmgab 3g8pgan bsbom asnsbasmadgds
E=Y—(T-S).

(399 Bogomacdo  sdbmmugunGo Jg3pmdgdal  ggemme@gdab gsBos 207.4.
36 369030L 5304 BMdG0g0 ©MBAb boduammesb aswsbalb Jgo®e@gdab xodos 5023,
8535bosdy,  BmEgmom 86 3G0g0l sbbbomo ©ab3gMbos dgeraghlb (1-207,4/5023)
=0,959-1 564 95,9%-L.

bybmbyFo 989d@0b ao8mgmgbs ©s smBmabaGs ma B0dsGonmgdam asdmo-
yg693s. 3ogzgmo, GmEgbss agobos IggabBsgmme wEmamo 86 3Magg3L mal
©58m300gdmads bybmbrfo Byggab smBmebsGao LsByabo 8mba338gd0 BabsbBs
5303539350 asba(30b. BgmBg, LybmbrBMdAL 9390l gsBmgmabs gdbobuygds
960a565mBomgBnsbo 86 3H0g9d0l 3EHmabmbeyma 860336gmmdgdals asbbsbmgHab.
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09935: bGogombsdgmo 9 3oggdol ARMA Imgen gdo

§1. @AHmomo 3§ 3M03900L SbsgobTo godmygbgdymo do@omsweo
369%9%0

OMono IF@0g0lL LESE0MbsOPmm™dS

o0 30M0Mox3do  2obglobwg@ogm  @momo 3F3M0ggools  sbsgobTo  yodmyg-
bgde dodomse (369690L, O gdlsi dgdwgydo bdodse dogdo@msegm. gOm-gOm
sbgmo  doGomswo 3bgdss dgdmbgggomo 3Gm3glo, GmIgeoi msgobo s@OLom dgd-
nbggzom Lowowgms J0dggdmdsl smbodbogl. my 3 0dpgg@mdsdo dgdmbgggomo
Loowols 0bpgdlo @Ml dggbsedsdgds, dgdmbgggom 30mEgLlL ©@momo 3F 3@og0
ob, bbgobso®oe, Lg@osamaamo 3F3@ogo gfmwgds. ©ogydgom, Gmd {Y,}, t=12,...
®50dg dobobosmgdanols dgdmbgggomo 3OMEgLos. d5Tob 3 3GM3EgLol G ogro boczos
oby dg@bggomo G@sgJdm@os ymgger t-b (¢t =12,....,T) 3bodsdgdl Go0dg ©olsdggd
Y, 3609dgbganmosl. sbg ™3, Y, Y, , ..., Y @go@mobsios s@ol bodpgoge @oibgms
dodEggamds. dgdwgado Bgmdobl “@®momo 3§ 300307 25dmg049690m Mm@ 3 3GM-
39bool @go@oboiool, sSbggg Loggm@og 0d 3@miEgbol s@bsbodbogow, ®mdanols
@ 9o0bo300bo3 wdMmomo A 3Mogo [o@mdmsowaqbls.

o®Omono IF3M03900L sbogrobols B9besdgbBy® 3OMmdagds olss, MM 3GM3Y-
Lol @gogobsiosl dbmenme ghnbgan 35330009000, dopqsmomse, LoJs@mggaml
0bgasi3ools Farog@o Gg9d3ol 1996-2016 Fangdols gdhggs 20 aodggggeo Goibgol-
2ob dgdpao®o LE®ombos, GmIgaoi 0bgesiool Ggd3ol dgdmbgggomo 3@misgLol
‘dglodanm  dgogagdoesb dJbmgmo gOm-g@mos: obGmaos bbgs gbom, Gmd (obiy-
@ogm s doliby IOsgomxg® 53300390 MmI dgagdegdmes, 20 Moibgolysb
‘dgdeaod d@Mogoa dgahggol dg3oa0™Mmggd@om s 25dM30mZE0L00, oY SE 0!,
2015 Geools (obggg Gmgem®E bbgs w©obs@hgbo (argdol) obgasiool  Lodygogom
A9d3L, 2555bGPEmdoll bmdsl s ULbgs doboslboomgdemgdl. bowos, aoblbgogy-
d9@o  San@g@bo@oygmo  oLEAm®ogdol  Lod@ogmgby ©@o330M390s  dgydan gdgaos.
doygbgosgo sdobs, 20 @oibgobgeb dgoagboan 1996-2016 (ergdols dmigdygen dg@-
hggol, ®mIganboi hggb goggo®egdom, gobgobogmsgm @mam® 3 gomo ©s 03039
aobofomgbdosb swgdyger 20 Lbgowslbgs 360d3bganmdsl, Gmdmgdoz msgol dbcog
‘dg3mnbgg300 Lowowggdl Fo®dmowaqgbgb.
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oOmono 3§ 30039006 LEAsGoLE0gg®o  sboaobol do@omswo  msgobgdyg®gds
0lss, MM ©5330M3900ms Msbd0dpggtimds Y,Y,,....Y,, bmgse dgdmbgggsdo, aobo-
bogngds @M@ (3 ghmnmodgogo  asbsfoegdols 9bjiools

F(x,x,..x;) =P, <x.,Y, <x,....Y, <x;)

dJmbg LEsGoLE0g Mo odmzogdyemo Y,,Y,,....Y; dgdmbgggom Lowopgms @go-
@0bo30900L 056303 gMMmds. 538 dgdmbgggom Lowowgms gsobsfoemgdols gHomd-
@ogo Lodgg@ogol gubjaosl swgbodbogm Gmymag f(x,x,...x;) .

0dolbomgol, @md @momno IF3M0g3900L  LEosEoLEH0ZP®0  sbogobol sdmzsebs
30 ggeor poralyggiere yogbormo, gbs dydngonn yodggygeo @adyy-
3960 o dgbeywggdo I 3M0g30L  LEHOYJHPOOLs s Jobo sandosmydo  dobslos-

090 gdols dglobgd. gOm-gomo sblgmo dgbemygs 3F3M030L LGSEGombs@ymmdsls
a9olbdemdl.

Y,,t=12,....,T, 37 3003L gfmwgds 3353050 LEs3E0mbs@gmo (sb LEsEombs@g)-
o gofam Sb@om), my bgdoldogdo f,...,1, -Lomgol s 7 -Lomgol, Gmdggdos

53059mgoagdl 3oOmdol 1<¢,...,t, <T @ol<t <T, 9gdmbggzom Yll ’--"Yz,,,

[T S
Lboogms  sendsmmdols  ghmmodgrogo  aobsfoangds  oligmoggs, Gmam®oi  dgdom-
bgggoo Y, ,....Y,  Lowowgos s@dsmmdol g@mmdmogo yobsfomgds. bbgs bod-
439000, 3353000 LEoE0mbsG Ym0  @momo If3Mog0l mgobgdgbo 5@ o3gmgds
AMOl  smgmoll FgmGomol Ggmomgdol dgdmbgggedo. gg@dme, m=1 -Lsmgol
oOmono  I{3M030L  I3o®s  LEHSE0MbsGg@mmbols  gobdo®@gdowsb  2odmdwo-
bodgmdl, @md Y, dgdmbgggomo Lowowol aobsfoggdol 3obmbo  @sdmowgdyano
o0 oMol 7 -by o, 35dolboEsdy, £ -bg wodmgyogdbymo 5@ oMol 53 dgdmbgggomo
Lboowol ygggas Goibgomo dobobosmgdgano, doo dm@ols domgds@ogyg®o grmoobo
EY)=pu , woldg@bos D(Y,)=0? w5 9860 dopsmo Gogols mdgb@gdo. o8 go-
bobigbgammogob 1 2odmboboglh d9edog ©mbgl, Gmdmols o®dygeogsi o®bggs bo-
sbogrobm dmomo 3730030, bomerm o dgwdogo go sboboomgdl @bggol aode-
bgdol. LESE0Mmbs@Y@mdbol  gobdo®@goowsb obiggg 20dmdEobo®gmol, ®md  LEo-
30mbs@ o 30mi3gbol bgdoldog@o godwsddbs (39bJios) LEsEMbsdymoas, b9
09 Y, } LEsgombo®ygmos, 35906 {D(Y,)} sbggg LHosEombosdygaos, Lowsi P() Go0dy
“3obmdgoo” gabjzoss olg, God DY) goGglhamer pbbsbrg@gmoe dgdnbyg-
3000 Looggs.
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b93mm 9439 o>wgbodbgem, ®MI w@OMmomo IF3@ogol dgbodsdol ©sz50M39d5ms
05b30d©gg3M™mbols  doMomswo msgolgdy®gds obss, A3 Omomo dF 300g30L  (93-
@950, bmpoe dgdmbggzsdo, §OMIsbgmnmsb LEsEHOLERZYO ©sdm3owgdymgdsdo 0d-
gmzgds. dgdmbgggom Y, s Y, Lopowggdl dmdol LEsGobEogydo ©sdmgoog-

t+7

d9agdol Loddo@mgols bo®obbo dgodengds gogbmdmm [ygommydo gm@dgasizools

3MIB0G0IbHm
cov(t,,Y,,.)
cor(Y,,Y,,, )= —t :
ND(Y)D(Y,,,)
Lows

conl,, Y, )= E(Y, - E(Y))(Y,, - E(Y,,,)).

09 amomo IF30030 LEsGombs@y@mos, 35806 cov(Y,,Y,, ) ©s3mzo0go9a0
o 5@0l -bg s FoMImoagbl dbmenme 7-b gybiosl. o3 gybiosl dgdwgydo
>w3b0dbogm Gmymea 7(7):
con(l,,Y, ) =7(7),
SHISEIUN
con(Y,,Y,) = D(¥,) = y(0).
gLodsdobow, bEASEombs®gmo IF 3@0gobomgols gm@gmsgool cor(Y,,Y,, ) gmgnoao-
96003 ©odmoegdgeos dbmmme T-bg. ol s@lbobo@bsgow gsdmgoggbgdm p(7) -l

@
p(t)=cor(Y,.Y,, )= 2 (0)
3a0doe, p(0)=1.
©o33003900L  Y,Y,,....Y, 360dgbgemmdgdol Logydggenby @dmomo 3 3®og0l
335300 LEsEombodgemdols dgdm{dgds, bmyswse, asdbgmgdyeos. sdo@md 3@
A0godo LEsEombs@ygeo 37300308 J39d yyeolbdmdgb olgmn ©@momn 3F36og0l,
Amdgobmgobsg

e E(Y)=pu<w
e D(Y)=0’<w

e cov(Y,,Y )=y() (6 cor(Y,,Y,  )=p(r)) ygges t-bs ©s T-bmgol.
37 3™ogl, @mdamobmgobsi dmygobogro  Lodo 30Mmds  bOYmegds gfmogds
bEs@Eombsdygmo gs@mem asagd0m (Lbgs Lobgerfmwgdgdos: bylbGse LEsSE0mbs-
@90, Jgm@ag @00l bESEMbsOmoO, jmgsMosEogms© LEsEoMbsdgmo).
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0 730030 LESEMbsAY@OS FGoONM  oag00m, bLogogdygam oG s@ols,
@md ogo 3353OS  LESE0MbsGY@oiE ogmbl. 5dogg ©AOML, dgoa®oe LEHsEombs-
@gao 37300303 dgodegds oG oyml LEASE0MbsGY@mo GoGmm gog9600m, @oEys-
boz oL dgodangds o@ 2oohbegl domgds@ogyn®o @mobo s /ob wolidg@los. sdols
dogomoms aodmeagds gmdol aobsfogmgdol dJmbg dgdmbgggomo dg@bggs, @md-
9003 [o®dmowygbl  LEoywgb@ol aobsfoggdols 3g@dm  dgdmbgggol, Gmegbsg
bEogogbBol gobsfomgdsdo  mogolynamgdol bodolbo dgoygbl goml. 3mdol
aobofoagdols Lodgg@ogol gybjiosl dgdwgao Lobg o3l

f(x) =

——-, —0<Xx<o,
n(l+x7)

sbgmo aobsfogngdol dJmbyg Y dgdmbgggom Lowowgl domgds@ogy®o gmeobo @
3oohbos, Moasbsi 0bGga®ogo, Gmmomnsi gl ggobsligbgmo godmomgagds

+00 +00

“x[f(x)dx = 1 I—Z dx

- nel+x

2obdens@os. doMms sdols, dgbadangdgenos Lo@ygsios, Gm@Es bgdmm smbo'dbyeno
bodogg 30@mds Ldnmogds, dog@ed, dogomomsw, dglsdy @oaol dmdgbdo E(Y))
5dm o gdyaos f-by.

Y,t=12,....,T gfmwpgds aogbol 3730030, oy Y.Y,,....Y; dgdmbgggom Logwo-
gms  gOmMmdogo asbsfomgds Fomdmowygbls T aobbmdoangdosh bm@dogyd oo-
boFoamgdol.  aoglol  3Fg@0gologol  LESEoMbsOPmmdol  Igo3@®o  ©s RFoBO®
(3690940 gOmM3sbgmls gdmbggge.

9909330, gobogd®gdn o GmIgaody Y,,t=12,....T 3(30030L LEsEombocy-
mdobg, Mg obloggm®gdon Lbgs ®od o@bodbyero 5@ o@ol, dbgoggermdsdo
239690 3§ 360g30L LESE0mbs@g@mds  GoGmm yoggdom.

359 sbyg, godgom, Y, t=12,....T, ipscombstrgemo 37360305, GmIamobomgolss
E(Y)=p<w0, D(Y,)=0> <o,  cor(¥,Y,,)= p(x).

GoEyoboiz dnEgdge Fgdnbgggsdo P(T) 3m98o30gbHo dmdsgh goGgmszosl gBoo

©> 0039 Amomo 3F3M0g0L Fgg@gol dm@ol, dob fmwgdgb 53@m magmsiools

3909803096 L. 5do39 dobgbom ¥ (r)=Cov(Y,,Y,, . ) -0l Lobganfmegdss sg3@mgmgsdo-

5305, T-U 303500 aobbognygan P(7) -l 53EMIWAJE@S309@0 B96J30s gfmwgds. oI
396300l 360dgbgermds @sdmogdyao 5@ 5@l Losbogrobm w@momo 37 3dog0l
bmdol 353GHooby. dobo dbodgbgermds -l-sb 1-dpg LobwgMmgddo o3gargds; 5dobmasb

27



p0)=1. pomds sdobs, Y, t=12,....,T 37360030 LEsEombsGgmmbowsb godmdwo-
boGgmdl, @M p(7)=p(=7), sby G®I 530M3MAgEsEogm0 gabdiaool Jiggol obo-
@0boll @AOML hggyegdbdog dbmmme ©sgdomo 7-I aobboagomn olsbmg®gdosb.

P(7) -b 9®ox03l gmBgEmy@sds gFmwgds. 0a0 Fgodegds godmygbgdye of-
6ol @momo 3F 3@0g0L [om8mddbgeno 3GmiEgLol 3gdsbobdol mgoligdgdol sbe-
bobosmgdaop. dg360d6mm, @md, oy Y, t=L2,....T Lisgombs@gemo 3§ 3@03500,
bogem ¢ Gs0dy dgpdogos, d5Tdob Y, t=12,....T ©s (Y, +¢), t=12,...T ©Omon
37 3M0390L gOmbso®o 3m@g@ma®sds goohbos.

09 ©539d390m, MM Omomno I{3M0g0 s@o(g@gds LEsEoMmbsGYgmo aoglols
30m3gbol Jmpgmom, 35dob Y,,Y,,.... Y, dgdmbgggom Lopowgms gommderogo ao-
bofoergools Larygao sefg@s Lokodmgdl T +1 35@s3gd@ols (u,y(0),y(@), ....,y(T -1)
b u,y0), p),...,p(T=1)) Inzgdsl. gl Gogbgo s@gdo@gods ©S330G139d0md
@oibgl, T -U, 353000 aoG0mgdom bogegdos, 300@g LESE0MbsGP@Mmdl Inmbmg-
bol goMgdg 239d690m@s. sFsLmeb ©sgo3d0Mgdom LEsEombad g asybolgdy®o
oOmono 3F 3003900bmgolsi go bakodm bpgds dmwgaol dgdgmdo godo@@oggods

0d dodo@mnyegbom, MM dgobeyoml s@OLgdoymo dmbszgdgdol 30MMmdgddo dgbe-
RoLgogeE 35@odgAMMS MoMEIbmbs.

0gn®o bdsyxaol 3Gmiglo

0godo bdsg@ol 30maglo (mgmdo bdsydo, [dobps Tgdmbgggomo Omomo
37 3M030) gfmegds LEosEombosdygm wdmom 3§ 3Gogl, Gmdmobsngobss

E(Y)=0, DY)=c, cor(Y,Y, )=pr)=0, émgs 7#0.

93565L36g@0 300mds bodbogl, ™I T # 0 -bomgols dgdmbgggomo Y, w©s Y, Lowo-

t t+1

09960, OEI@gdoi dggbododgds mgm@do bdoyg@ol 3OmEgbool ©o330039690L ¢ ©o
t+7 dmdgbBgodo, SMs3MMgomgdygmos. Mm@Es dgdmbgggomo Y,Y,,.... Y, Lowo-

09900 GOM0IONESIMY30©Jdgeos, yobsfoggdgmos gOHmbsomo N(0,6%) 6m&ds-
@G0 gobmbom o Foddmdbol dgdmbgggom Yg@bggol oF gobsfomgdowsb g.o.
Gm@s Y, ~iid.N(0,5%), sbgm 3730030 asgbol mgm@o bdsg@o gfmogds. bomgoo
gdonbgggodo, @m@Es bmyoghmo dgdmbgggomo  Y,Y,,....Y; Lopwowyg gemoghnos-

Jd09300909e005 05  gOMbS0MsEss  Aobofoamgdygmo, gl xg® Jowgg oG bodbogl,

28



@md olobo mgm@o bdoyg@ol 3OmEgLL Fo@dmJdbosh. Loddg olss, Gmd dgdmnbgggom
Y, Lopowgl dgodangds o@ goshbogl domgdsdogyndo emeobo @o/ob ©olidg@los.
ngomo bldsydol dgbsdsdobo w@momo IF3M0g0, Y, s Y, t#s Lowowggdl

@0l s@S3mOgEomgbol 253m, 930090 glsE  SOsM A sOYo  0]3ggs. 30l
0 gAMYL Jggdmm dmygsbogno a®sg030 odanggs, Gmdgeoi yoybol mgm@o
bdoy@ol dmegao@gdygemo Ggomobsioss D(Y,) =0,04 ©olidg@lools 300mmdgdTo.

0.8

0.8
04
o2
0.0

-0.2 |

-0.4

-0.8

e o e LI o o o o o e e e e e L e e e
50 100 150 200 250 200 350 400 450

>0bodbyemo 2oMgdmgdol 25dm mgm@o bdoyg@ol 3OmEgbo  godmyglbosgas®os g3m-
bmdogy®o  @momo  3F3M03900L  ggmeygiools  ¢d@sgangbmdol  dmegeno@gdol-
0gob.0dogg OML, GOmamaig gbsbosgm  Jggdmm, sLgmo 3OmEglo  Fo®dmowagbls
55bol YROem MgomobRg@o Omomo I(3M0g9d0l Jmpgagdol spgdobmgol, @®I-
wgdoi [o@dmJdbosh gadm ganyg FGogBm@osl. mgmdo bdsydol 3GmEgLol
bdo@ 25dmygbgdolimsb ws3ogdo@mgbomn dgdeamddo o3 3GM3gLL, eOmomo IF3Mog0l

bbgs dmwgagdolbopob goblolbgoggodemse, bdoMop smgbodbsgom &, -mo.

§ 2. 339Mog0 LoTygommbs s Sg@mHga®glool dmogagdo
39®sg0 Lodgomml MA(1) dmwgeo

0563033 Mbom  ©5330M39090L  dm@ol  sdmgowgdgagdols dmgao®gdols
9JO»-gamo dodFogo b Yt -l gdgao Lobom [o®ImEygbols u@olibdmols:

Y, =u+e, +as, |, & ~iid.(0,6°), (1)
Lo@ogs iid.(0,0%) 50b0dbogl gOmbsodo gobofomgdae wsdmyjogdgar dgdo-
bgggom Loowggol (dm3gdyger dgdmbgggsdo &£;,&,,...,67 Lowowggdl), GMAagdlsg

29



aoohbosm  byyanmgsbo domgdoBogy®o grmeobo s o’ ©obdg®mbos. &, dgdmbgggomo
ooy 30m3Egbol FobsobGm®moon o6 2obobsbwgmgds, 5doGmd  sdm3owgdegeno
0@ s>tolb Y, .Y, ,,... 36093b9e0mdgobg. (1)-0l Lobom aodmbobyar 3Gm3gbl 339-
@530 LoFygomml 30miEglo 56y MA 3GmEgbo gfmegds. dosd3ogom  yydopmgds,
@md (1)-9o ¥, wu-b gods, dgoasgh & -obs o &j-ob dgfmboen LsTygomml; ¥,
d903o8L £5-0bs s &-0L gFmboan Lodygomml s 5.9. sdob godm (1)-b 3o@ggemo
G0a0b I39@sg0 LyFgomml 3dmaEglbo oby MA(l) 3Gm@Egbo gfmwegds, Gopasbss
@op0ls doJlodsggdo  boby@damogmds gomols Gmaos. Y, -l Lopowyg asbolsbe-
360905 5MOE>3300390500 &, Lowowggbom, M gdoi gOmdsbgmoliopgsb ©sdmego-
©J6gE0 ©> 0EIbGHYHIE (IOboodor) yobofomydgmo Fgdnbgggomo (3gEeEgb0s.
‘d9d©93do, g Fobolfod@ o@ os®oli @o0dg 2oblojym@dgdoygeo domomygds, &-L dgle-
3530l 3Om3gll gobgobomsgm Gmym® 3 mgmn@do bdsygdol 3@m3gLL.

(1) dmpgemo  Foddmspagbl as®3397e0 mgoligdgdols dJmbg Y, 3GmiEgLols
(gm0l g3mbmdoy®d (gll. Lbgsbso@ow, (1) gyeolbdmdl ¥, o@momo 3§ 300300
030lgdgobg 2oM 33990 gbeggdol woEgdsl. bmaswsw ¥, Lowowggdol gHomd-
@0go gobofomgds boboosmpgds domgdoGogn®o armeoboms s 9.(. o3& m3zmgo®o-
5300 AsBB0GE0m. 09 aobgobomogm T gobbmdogngdosh Y =(Y, Y, ...Y;)" 394
AM®L, 357dob spgogs dgg60dbogm, GmA (1) dmwgeols dgdmbgggsdo:

EY)=(u p....)".
@53 dggbgds 533 mgmzgoMosoyge  ds@@oisl, dobo LE®YJB®ol  gobodygggew
Lodo®ms 95dmgmgommm  jmgomos3ogdo Y -bs oo @oga®d Y, -l dmcol.  MA(1)
30m39Lol bgdmm dmygsboeno mgoligdgdol aomgogolifobgdom dogowgdm:

covlY, Y} =var{Y,} = E{(Y, - E(Y)))"} = E{(¢, +ag, )"} =

=E{e}}+a’E{e] }=(+a’)o’,

cowlY,,Y, \} = E{(s, +ag, )&, +as,,)} = aE{el ) =ao”,

covlY,,Y ,} =E{(¢, +ae, ), , +ae, )} =0,
©s o. D, bmyswsw:

conY,,Y ,}=0, k=234,

MA(1) 36039600 asblsboganmoY = (Y, Y, ...Y;)" 3940060l jogs@os@ommo do@-

M0@3o o0gbodbmm X -mo. d53ob dgygodenos hogfgdmo:
30



(I+a*)c? ac’ 0 - 0 0 0
ac’ (I+a*)o® ac® - 0 0 0
cov(Y)=V({¥)=Z= : : :
0 0 0 - ac’® (I+a’)c’ ac’
0 ac’ (I+a*)o?

OmamA 3 gbgoogm, X ool T'xXT gsobbmdogngdols do@®oizs, @md@ol wosymbe-
@m0 gmadgbdgdos (1+a)o”, osambomols bgdmm ©s J3g9mm dpasmo gegdeb-
Bados ac’, wobo@hgbo gm9d663d0 4o bamols Goos. JoBobowsdy, dg@ego be-
Yool dodGogo MA() dmwpgmo a9@ollbdmdl, Gmd ©s3300390900, Gmdmgdog

9O dobgmobiogeb oo gdygmos m@o s dgBo BodBom (gogom), S@S M@ geno-
@909l [omdmopagbl.

gm@Eols ©g3mI3mboos (mgm@gds). MA(g) dmwpgeo
533 303900L gomgdg dmgoggobmm FgbsdgbB®o dgogyo, GmdgmoE gee-
ol mgm@gdol Lobgemom os@ol bmdoao. gl mgm@gds 2399dbgds, @M sOS©y-
A9MdoboGgdymo Jgdmbgggomo Y, 30miglo (sby 3OmEglo, Gmdmopsbsis  [obob-
Tod gggas ©9Bg®dobodgdoygamo  3m3d3mbgb@o aodmomoibymos), my oyo bylLEo
bASE0mbsOY@Mdolss dgodengds dgdwgao Lobom [o®dmgowaobmm:
6°3 R Jodegos dgdrgy 30D
Y,—,u:Zajgl_j, a, =1, ¢ ~iid.(0,6%),

5b 3owy3
Yt = :u+zajgl—ja a, =1, &~ lld(O,(Tz), 2

J=0

bosi ¢ dmigdygeo 30mEglbol domgds@ogg®o @mobos, boam &, jo Labody-
o JomgdoBogydo @meobols ©s @oldg@lools dJmby mgm@o bdsy@os.  dodo-
bowasdg, bgdobdogmo  babBo bHogombs@aarmdol  dgdmbgggomo  3@migbo,  Lbgo-
@obbgs [obomo a; 30980096000, mgmn@Go bdsygcob [fGgogo 30350bsoom  doo-
@gds.  @oysbsi  dJmygoboamo  asdmbobymgds  F@gogos, dob bdodow  [@gxgog
QoeB @l 9fmegogh — mgo®o bloyg®ol (Ox03 Goe@@do yos@omgbol dgogyo©
dooegds LEsaombsdyao Y, 3dmiglo.

3bowos, (2) 208mlsbyegdsl sb®o @md 3Jmbwgl, 9bos dmgombmgmm 36 g-
domdol  30Mmdol dgb@Egagds. 5dsbmsb, 3@gdomds sgrdbomy@o sbMom  9bos

31




aobgobogrmm, @seasbsi bogdg dgdmbgggomo  Lowowggdols dgz@gdobosb  ggo3L.
309domdol 300mdgdo Lsgdo@obow do@@Fogos:

Z|O£1.|<OO ob gowg3 Za12.<oo :

j=0 j=0
hggamgd®og, (2)-do dmEgdge gbobogem xsddo a; Fmbgdo j -l owopgdobols
d30MEgds s byaobsggb dool§®oggol, @m@Es j dool{®sggol glsbdgamdol gb.
9L 60dbogl, M3 dodobsdyg Y, -l 360dgbganmdsby (obs 3gMom@gdols Ly bogo-
©09900L gogegbs Lyer 9a®em dEoMEgds osgomgdol dygomgooll bOEols jgogm-
d5bg.  odol  dogbgoge, (2)-do  gdogoge  Igbogdgdms  globdygam  @oigbgo
®9d60390 LoGmyaggdl FomdmJdbol. Lodgobogdme os@dmbhbws, Gmd bdod dgdm-
bgggo'do go@eol bmaswo ©g3md3mboigool boggmow Logds®olios obgobogmm
39MJdm dgdmbgggs dgbog@gdms Laldyeo g @oibgom:

Y=p+e +ag +a,6,++aeE, . 3)

(3)-L gV mgds g Gogols I3ycsgo Lodygogrmlb 3GOME Lo s dgdmgergdbom hoo-
FTa@gds @mamaig MA(g). Lobgmfmegdsl — “d3g®sgo Lsdgomm” — 3ob30Gmdgols
ob, M3 dgdmbgggomo 3OME Lol dodwobsmyg db0dgbganmds aobolobwg@gds mgm-
@0 bdoyg@ol (obs g 39®omeols 3b0dgbganmdgdols dgfmboano  Lsdgogmmo. d34-
@530 Lodygogml 3OMEgEYOS bdodsw odobomgol godmoygbgds, @md dmgsbfm®mn
dmbo393900, GMIggbdoz Jenog® @bggsl aoboosh.

MA(q) 36m@gbol mgobgdgdo MA(l) 3Gm@Egbol mgolgdgdol sbogmmaoyg@oo
2oboliobrmg®gds. m9 aogomgoolifobgdm mgm@do bloyg@ol gobdo®@Bgodsl, swgomow
©05350396m, G™J (3)-0l dgdobgggodo:

E(Y,)=pu;

var(Y,) = con(,.Y,) = E{(Y, - E(,))*} = (L +af +a3 +++al)o’s

cov{Y, ¥} = E{(Y, — i)Y, — )}y = Ed(e, + iy ++ 0,6, )

q-1
2 2
X(e +ou6, ,++ae, =0 (o +aa, ++a,_a,)=0") o,
=

J+°

conl,, Y,y = E{(Y, - )Y, — )} = E{(¢, + a6, +-+a, 6, )X

q—k

—_— 2 —_— .

X(&_p +ong 4y +rae =0 Yoo, k=24
Jj=0

32



cov(Y, Y, = E(Y, — i)Y, — 1)} = El(e, + e, 4+ a6, )X

Xt g ++a,64.,)1=0, k=q+1,q+2,...

3obdo®@gools  mobobdo@,  jmgo®osiools  (sgBmygmgo®osizool)  360dgbganmds,
0dol dobggom ogo bymobogeb aoblbgeggdygaos, my bymol GHmeros, doagomo-
090l dm3gdgee ®@ Loowpgl do@ol 3o3d0M0l 5@LYdMmosbg ob @@ Lgdmdoby.

Omam®O 3 o] dmygobogmo  asdmlobymgdgdosb hsbl, 03 dgdmbgggsdo, GmaEs Y,

30mEgbo  (pemomo 37 3G030) MA(q) dmpgemom  s@ofgmgos, 35906 Imgdygeo
373030l 9OmIsbgmobiogob g -bg dgBo w@opom sgomgdga {93096l de@ols
30053090 3o3doM0 5@ >5@OLgomdl.

go@Eols ©g3md3mbozos ©s AR(l) Impgeo

aobgoboermm  gmeeols ©g3md3mboigool bgdmm  dmygsbogro go@osbGo, @m-
dgeoloi dgdwgao bobyg o3l
Y = ,u+2aj8,_j, a, =1, & ~iid.(0,6%), (D)

J=0

sgogse  dggbo'dbogm, Mmd 53 aodmbobygdol 3@gdomdol 3oMmds o300
0d6gds, 0930 o3y d3zgdm, @mI O!j=9j . bopsg 0 ®50dg9 boogs, GMIgeoi
53354mRoe bl 306 Mosl: |9|<1. od dgdmbgggsdo (1)-0l bsigemsw 2396900

Y =pu+ 29-"8,__,.. (2)

J=0
306500056 Sbogmpoyg@se dgagoderos hoglg@mm
Y. =u+ zejgz—j—l ,
J=0

5do@md dgbodsdolo godsddbom dogomgdm

Y, 0¥ =p-0u+) 0c_ -0 0%, ;=

J=0 J=0

=u—0u +29-’8,__1. —29-’8,__1. =0+¢,,
j=1

Jj=0 ;
Loo 0 = u—0u. 3535bowsdy, dgagodenos hogfg@mm

Y =0+0Y_, +¢, . 3)
MmO 3 gbgosgm, dowgdge  godmbsbymgdsdo  dgdmbgggomo Y, 30miEgLols

t

ymggero dmdeggbem  dbodgbgermds g@mo 3g@omeomn  [obdlf®gdo 3bodgbganmdom

33



2obolobmg@gds. ofgeb  godmdwoboty, (3L 3odggamo @ogol S3@mA G gLogmo
36m@aglbo 569 AR() 3dmigbo (dmwgmo) gfmwgds.

dodobosdy, ©olggbs, @mIganog o ho@o@gdygmo goMs]dbgdowsb gsdmdwo-
bodgmdl dgdmgyos: @y geoawol (1) godasdo o, ;095030960930 sobolobogEy-

do o =07 geoadgmon, bows; 9|<1, o dob 3bosb@yane Gogols iz @ogo bodxyo-

eb (2) dmpgero  dgodengds  gomsegJdbsom  somggaro  @mogol 8B @ s@mgboyan
dmgans.
>0 bobodbogos, MmI Jo@mmgdyeos Vgodybgdgmo ©gdymgdsi: GmEs Y, 3Gm-

39bo bHsEombsdygmos s |9|<1, do'dob 3oMggamo Mool o33 MmM gyt gloygao 3GM-

39bo (3) ©o0ygebgods PLol®dyem @opol I3yg®sgo bodgomml Jmegerby. do®-
03, (3) gobgobogmm f-b Lbgopsbbgs dbodgbgarmdolmgols:

Y, =0+0Y,+¢
Y,=6+0Y,+&,=6+0(5+0Y, +&,)+¢&,=5+05+0"Y, +0¢, +&,

Y,=6+0Y,+&,=0+0(5+0Y,+&)+&,=8+05+0°5+0°Y, +0°¢, +0¢, + &,

Y, =6+0Y_ +&, =(1+0+0>+---+0")5+0'Y, +(0 e, +0 e, +---+0¢,  +&,)

o0 20M5Jdbgdols aobbmyswgdols dgogasw dogowgdm
B 1-6'

Y

t

t-1
5+0'Y,+> 0'¢,_; . (4)

=0

dmygobogmo  asdmlbobyengdsdo ¥, , @mdmols bsgydggebygn gobolsbwg@mgds
37 3030l dmdpggbem dbodgbgamdgdo, dgodangds dogznmgbgomwgl LOygmose Lbgs
300mdgbdols IJmbg [obs 3g@omel, @mdamolmgolsE, dopsmomsw, dmwgendo dgdo-
gomo 0 s 0 Isboloomgdangdo aoblbgoggdgemo odbgds. guem dgdoz, t=0
dmdgbRodwyg dgodengds 9i3bmdo ogml LEsEobEogyto dmbsizgdgdo 37 3M030L Ji3g-
gol dglobgd s ¥, -0l 860dgbgenmds Fomdmopagbogl 503y ©o330039050 @oib-
300 Loowgl. m®ogg dgdmbgggedo Y, swo® 0dbgds LEsEombodgeo 3F 3@0g0. sdo-

39 o, oy |0]<1 , 35306 t — 0 -bsmgol

_ Nt
0'Y, -0, 1=0 5— 0
1-6 1-6

> (4)-5b dogomgdm

34



Y, =pu+ 0, )

J=0

oo 4 =0 /(1=-0).3535bowsdy, (5) Fomdmswagbl (4)-ol bowgdgem Fgdmbgggsls.

AR(1) 3603gLol dsbosbosmgdangdo

©53790M9bpgm  30@ggeo Mool o3RMOga@glogmo  3@miEglbol  JmEgenl,
amdgeoi bgdmm dgdegabso®o a5dmglobgm

Y =0+0Y_, +¢,. (1)
‘dgaobligbgdm, @md  mogolyggseo {gg6o, o , ‘dgdegao  Loboo  gobolisbrmg®gds:
O0=(1-0)u, bLowsz U 3GME Lol bsTgomem 3bodgbgarmdss: E(Y,) = u.
sgogs dg3b0dbogm, @md oy dgdmgowgdm swbodgbsl ¥, =Y, —u, 35T0b
(1) dgodargds Bogfgdeom Goymas
y,=0y_ +e . ()

530MOgaMgbogeo 3OmEgLol o3 Fodol hobo{gdl hggb 9439 dggbgoom, @m@3o
930bm3gB @040l LEAsbs@R g 39@bdo gobogrsgwom 3o@ggao Gogols sg@ M3 M@ -
go3zosl  {®gogo  dmpgmologol. @@momo  I(3Gog0L  dmpgangdol  hofgds
Gazorol  (3gbHO0domo,  oby  byggrmgabo  Ladgogal  8joby  Gaearob)
253mygbgo0m @™ Inbsbgdbgdgeos, gopeg Y, Ggmswol Lsdygsagdom, sdo@md
‘d9degado bdodow hofg@ol o3 gm®dol 20dmgoggbgdm Gmam@ 3 >3BMMgadglools,
sbg3g 3a®og0 Lodgomml Jnwgmolosmgol. gl 93o6oL3bgeo, dogsmomsw, MA(L) -
ol dgdobgggodo obg aodmoyy@gdes:
Yy, =&, tag, .

>O5bygmgobo Lodygo@mml gomgommolobgds mMogg dmwgedo dgbsdan gdgenos
nogolbyggsmo [g3@ol ©ods@gdom, @Gmdgeoi I3gcasgo Lodygogml dmpgerolngols
ggboodedgds Y, gmools Lodgogem 3b0dgbgenmdsl, wu-l; sMobymmmgsbo (s®o3gb-
G®oMgdaao) 53Bm@ga0gbools dmwgmobngol 3o Lodygoemem d60dgbganmds {omdm-
o6l AR dmpgenol msogolyggego §gg@ols s 30M5393®0l gybiosl, 39@dmew,
AR(1) -0l waol u=0/(1-0).

303 Sby, aobgoboenmm (2) Jmwgaom oblobmgdyamo  byenmgsbo Lsdygogml
dJmbg LEsaombosdymo 3Gmagbo v, t=12,....T ©s asdmgmgogmm dJobmgol ©ol-

390Lool, 53&M3MgoM0s300L s 3B M3MmAgasizool  dsbslbosmgdangdo.
35



LAS30MbsGgEMmdols 3o56do®@gdol msbobdow, var(y,)=var(y, ). sdol gomgo-
eooli{obgos (2)-do dmgg39dl:

2

var(y) === 7(0). G)

53 2odmbsbymgdowsb sdgomos, Gmd var(y,)=var(y,,) 306méol dgdmwgds Ibem-

mmE 35Tobss Ygbsdagdgamo, @3 |9|<1. 35Tobowsdy, t9|<1 QHOE@MdS 300139

@0 @ogol o33 MMga0gbogao  3Om3Egbol LEsEombs®ygemdol 30®mbsls {omdm-

> qbL.
sgogs© doomgds sliggg og@mimgo®mosizools 3bodgbgermdgdo. 39Mdmeo,

2

(@2

cov(y,,y,_l) = E(yzyz—l) :E[(®1—1 +8z)yz—l] :Qvar(y,_1)+E(8,yl_l) = 01_02 5

2

(@2

cov(y,,y,_z) :E(yzayz—z) :E[(®1—1 +8z)y1—2] = QE(yz—lyz—z)"'E(gzyz—z) =0’ 1—0° 5
©> o. .
bogoese 53gdbgde:
2
(@2
cov(y,,y,4) =0" oy =0"y(0), k=123, “

3065000056  LEoEombos@gao  3Omigbols  gmgodosiool sbsbodbogow  godmoygbgds
y(k) Loddemegom, (4) o3 Loddmenl gsdmygbgdon Fgdoge Labgl Joowgdls

y(k)=0"y(0), k=123... (5)
(5L gfmwgds AR() 36mEgbol sgdmimgs@oscogmo agbdios. dol bagygdgge by
5030 5© 300w ds 53EMIMAgEs30YM0 BYbos

cor(y,,y,_k)zp(k)zﬂzek, k=123,... (6)
y(0)

od 93obolgbgaol g@®ox030, MmO (3 9339 >0gb60dbgm, s@0l Jo@gEmy@sIs.

dgpodgdobomgol  dmgoygobmm  3o@ggao  @oqol  I3yGdogo  Ladgommls
dJogmom, Y, =&, +ag,  -om, 25bLobmgdymo 3OmEglol 5g3BHm3mgomosomo ©s
53M3MO g s309@0 39bj3ogdols 360dgbgermdgdo. bgdmm hggb ogswaobgm, @m3
MA(1) -Lbogols:

7(0)=var(y,)=(1+a*)o”,

y(1) =cow(y,,y,)=ac’,

36



y(k)=cov(y,,y,,)=0,k=23,...
sdol gomgosaolifobgdoom dogomgdo:
p(1)=%=$, p(k)=0,k=23,... )

5300330900 F9bJ00L Logudgamby Fgodagds 3ogoggmmm @abyghs
30m39Lol bgooldogdo Fggdol ol Fobdl{mgd §9309dmsb gm@geo®gdols dglobgd
o, d5doloEsdyg, 30miEgbol doblmg@mdbols s boby@dogmdols dglobgd. sg@Emgm®g-
530900 G9bdios 9g30hggbgdl Mo boba®damogmbdom ©s @s dogrom bgdmdgogdl
30m3gbol &, @Grmdoggds (dgdgmmgds, bmgsaos) y, -l 360dgbganmdoby. m@o
30m3gbobamgol, @mdganoi bgdmm aobgoboggm, dgdpgao damds®gmds a3sd3l:
300390 Mogol 533mOgaGgLool 30mEglobmgol s3@mgm@gesEogao  g9bjioss
p(k)y=y(k)/y(0)=0",k=1,2.3,..., 35306 Gm@Es 306ggem0 ool dzncmogo Lodgo-
ol 360 bobogol agadgb: p(1) =7()/p(0) = a/(l+a?), pk)=0, k=23,... 35D
Lowody, MA(l) 3Gmiglbol Jgdgmmgds (Gomdomgds) ¥,-b 360Tg36gemmdsby bgdmd-
d90gol dbm@mme m®o (Jodpobo®g s dJmdsgoao) 3g@omeol obdogemdsdo, do-
F0b, @m@s AR(D)  30m@Egbol  g9gmmgds  (Gomdoagds) bgdmdgogdl  yggems
dodogogn o4g0H3900by gergdoro gBIIHo-

0 gB@0Mgdolomgols gobgobognmm @sdwgbody bgamgby@se 49bg®omgdyao
o®Omomno I 300g0, OmIegbdoi dgglodsdgds 3oMggero @oaol ogBmaga®gboyger ©s
300390 ®oaol I3g@ogo Lodgomml 3GmEgbgol. bob. 2-by dmygobognos O 3o
gp®ol 0,5 s 0.9 360T369emdobmgols dmwgmodgdgmo AR(l) 30miEglol dmbs-
(399900 gbodsdolbo og@Mm3magasizoyg®o g9bjiogdom. yggens 3730030 LEsbos®-
Gobo®gdgaos s babosmgds gamol Gmao ©oldg@loon s bygmgsbo Lodye-
@OM00. 09 §gOmsbgols Jggos®gdbm o3 3MmigLbgol dggbodbogm, @md 6 =109 -l
‘dglododolo 3OMmEgbo 9uOMm gerggzos s boboosmegds 0bg@Eools dowsemo bo@ols-
boo. gl b0dbogl, Gm3 dgdgmmgdol dgdwgy o3 IF3M03L megol Lodygogrem 3609-
369 mdoby dMYbgdolbmgol oo gdom boby®@derogo O™ Lhomgds. SgBH™ M-
Ogas3og®@o  g9bdiaos mdogg dgdmbgggedo  gJldmbgbEosemy@  hoJ@mdsl  9dg99-
©9d50gds, mgdzes 0=0,9 300mdgddo 3§ 30030l  SgBMMOgEs3E0g0  gubiost
byyanmgobo  360dgbgermdols dow{ggolomgol boba®danogo @opo Liodegds. doge-
@oma,  dg-15  3gdomeol  gdegy  FgIgmmgdol  gggdde  LeFgobo  gaadHob

37



0,915 =0,21 65Fognos, 35306 GmEs 0 =0,5 300069330 39-15 3gBomwolomgols dg9-

R0 gdol 989]B0 FoJBmdmogsw byeols Fmanos.

AP g =0 AT g =0
- -
- -
e
= = = = MW
- P n i i
] & - w0 [ ) - ] - 1] P [T] - wi ne ] [ = ] [~ v
R i s i
Tl | s el T T e T A B o B AT e TE A E RSO H e s Sy ML B T =D
- =
= -
= =
& =
o -
- -
- -
= E
o =
o TR oo
- =
- -
= -
1 =
- s
a -— -
a ] [ = = = = ] O ] E z
i L4

bob. 2. 30M3ge0 Goaol 533m@ga®gboygao 3GmEglgodo: 3§ 3Gog0L dmbsi9dgdo
5 533 M3mAgEs309®M0 39bz0960

CLyiie w19 [==1 TN

&

Ll )

#4 B3 99 af a8 an

B1 BF 90 04 B5 B BT 0N BR 4D

h
[
.

LI

1]

"] " T} [T [ Fl .|. 3 - L2 i -
i

bob. 3. 30390 @oyol I3 ycdsgo Ladysaml 3emEglgdo: IF3M0g0L
dmbs(399900 ©s 53BMMGgES309M0 BYbJz0gd0

bob. 3-bg dmygsbogos a =0,5ps a=0,9 36093bgemdolongol Imwgerocgdy-
@0 3390030 Lodygoml 3@OmEgbol dmbszgdgdo dgbodsdolo og@m3MGAgas309@O

a96dcogoom. AR(1) 3dmiglol Fgdmbgggologsb goblbgoggdom, dEg@sgo  Lody-
38



senml 30Mmdgddo a =05 o a=0,9 860dgbganmdgdols dglbodsdol 3G™MEgLgol
‘dodol 2obbbgoggds bogamgodsm dglodhbggos. m@ogg 37 3@ogolomgol dg'dgmmgdsls
999J00 Ibogme m@o Imdpggbm 3g@omwols aobdsgmmdsdo oL, gl bodbogls,
@md  sbogno  dgdgmmgdol 5@ Jmbols dgdmbgggedo I 3003960 mogol  Lsdysenm
d6093b9ermbgdls m@o 3g@omwols dgdogy ©oyd@ybgbdosh. 3o@Mggeo @oyols >g@m-
3095300l 30gR0309bR g0  gOmIsbgmobogeb oo oM  goblbgoggds  ©o
Fgopagbl dgbodsdolowp 04-Ls s 0,5-.

P ®0g0l 536m0ga09Logmo 3Gmagbo (AR(p) dmpgeno)

bmgow dgdobgggedo  p Gogol ogBmAga®glools 3GME Lo (o@0bodbgds M-
003 AR(p)) 3990900 ©53m 300939 gdom gobolobwg@gds:

Y, =60y,,+0,y, ,++0,y, ,+¢&, 0,#0, (8)

to

Lbooi &, o®ob mgm@o  bdoyg@ol 3GmEgbo. Lods@Gogobomgol gogyeolibdgdo,
@3 ygges k>0-Logol cov(y, ;,€,)=0. 53sLmob, bdodo 53dmdgb, Gmd Vgdm-
bgggomo Lowpowpyg &, [o®dmJdbols obmgszon® dodpgg@mdsl, bmerm dgdmbggzom
&, Lopopgl gfmegds @sg3003900L ¢ dImdgbGols 0bmgszos. sbigmo Fg@ddobmanmyos
0dom >0blbgds, @mI IF 300g30L gmggero ©s3300M390500 360dgbgenmds doowgds oI
7 g®0g0L Fobdl{egoo p 3g@omwols 360dgbganmdgdol Fogogo 3mddobsioobs ©s od
36093690 mdgdmseb s@s3mAgamodmgdyao dgdmbgggomo &, dgdswagbenols g6 9d0m.
od xoddo g, osbobogl y, -l s330039d00 360dgbgermdoby bgdmJdge gobsban gdaen
06gm®doizosl ¢ dmdgb@ do.

530MOgaMgbool  3Om3gbgdol  Jmpgamols sy@gmgg bmgogdmo Lbgs  Godol,
doo  dm@ol  I3ydogo  Lodgoaml, dmpgmols  gobboagolsl dmlobg®bgdganos
253Mg0ggbmm 53056900l M3g@SsGMGO  (wogol  m3g@s@dmeo) L, @mdgmoi
b99mJdggdl pdmom 373003y s dgdpgao Lobom  gobolisbmg®gds:

Ly, =y,,.

boaxg® L - 9379436006 m3g@s@mal 3fmwgdgh. L asd@sgemgdol m3g@s@mmols
dbgogbo s gd®ygemo mgobgdgdbom bolbosm@gds. sdo@md, Gm@Es ©oggosbgdols m3g-

@oAMA0  35dmoyggbgds k -xg®, @53 s@0bodbgds GmymA; r, 30909 mdm:

39



kal =Y,k» 09 300mdom, G ’=1. d9dogbg Jmegdgmmo Mm3gOsGmmo Iygwdogl

GaPEoR HOggdl, sby Ged Lu=L'u=pu.
©5300b9b60L M3g@sEM@ol 53 mgolgdgools yomgomolifobgdom godmlsbyagds
0,y,,+0,y,, +---+0pyl_p
‘dgd@ga0 Loboom dgodangds goeog(g®mm
(0,L+6,L* +---+6,L")y,,
bo@m p @ogol 533mOga®gbogao 30m3gbol dgbsdsdobo (8) godmbsbymgds jo
999y Lobgl doowgdls
0Ly, =¢,, ©)
Looi (L) dgdol m3g@s@m@ols dodo®m goblsbwg@gmo p @ogol 3menobmdos:
O(L)=1-6,L—-0,L> —---—6,L" . (10)
dg@ol ™3g@o@m®mols 3meobmdo dgodgrgds aobgobogmm GogE@ol Gemando,
Amdemols godmygbgds @@momo 3§ 3M0g0L 29b9M0Mgdsol (JoMesdbol) sbegbl sbog
@m0  37300330. I5Dobowsdy, GmEs AR(p) 30miglol dodomdo  aodmoyggbgds
O(L) goa@co, 35906 ¥, 9969000w0gds (3o0©sJdbgds) mgm@o blsg@ol €, 3G M-
39Ldo. dg@ol  ™3gASAMMol  3m@obmdomn  Lodgdamdbs  bogdo®obo@  s@goaos.
dogomoms, AMmomno 3F 30030l aoM©s]dbs msbdodwggdmdom m@o sligmo dmeno-
bmdol godmygbgdom ogoggs, @o3 3730030l gOMxgOse yoMs]dbs 3manobmdom,
Amdgeoi m@o bofgolbo 3m@obmdols bod@sganos. 53 gbom ‘dgagodanos goen@@ols
9009690 99@ol 2oblobwgms (my30 0go sOLgdmdl), @mIgamoi 3meobmdols dgo-
@9bgdom doowgds. sTWolowsdy, O(L) -0l Vgd&9bgdygemo o(L)"! aobolobmg®gds
GOamOG BomEBGo, Gmdgmos sgdsgmaomgdl JoGmdsl O(L)O(L) ' =1. 3 mgo-
Lgdols Logyydggenby, 0(L) " -ol; s@lgdmdol  dgdmbgggsdo, (9)-sb dogowgdm:

1

=——¢,.
Vi (L) ‘
s> bobodbogos, MM, @Gmas O(L) odol dg@ol L m3g@sdmmol Laldygao @ogols

3m@obmdo, 35906 dobo Jgd@ybgdyero o)™ Lol geem  @oaols  3menobmdos.
o535 omsE, aobgobommm s3BMmGgaGgbogmo dmgmols 39@dm dgdmbgggs (AR(1)

degeno)

40



Y, =6y, +¢,, ®0damols dg@ol m3g@s@maols 3naobmdos O(L)=(1-0L). dmwpgbsg

|9| <1, s@bgdmdl O(L) " =(1-0L)", Gmdgeoi 99090 Lobom ao60lobmgmgds:

(1-6eL)" = ie-/y . (11)
j=0

53590 sEgomo  ©og@{anbogdom, og O(L)=(1-0L) -l gog5dcsgegdom  (11)-by.
030d6goe:

O(L)O(L)" =(1-6L)(1-6L)" = —eL)(iefo j = ie-’y —ief”y'” =1.

(IT)-0L  gomgogoolifobgdbom  3o@ggero  @oaol  ogBmAga®gbogeo  3Gm3gbo,
(1-6L)y, =¢,, 3500503690 LolGgem Gogol IEycogo Lodgsmmls 3GmEglsw:

y,=(1-6L)"e, =(1+0L+0°L* +---+0 L +-- )¢, =
=g, +0s,_ +0°c,_, +---+0%,_, +-
‘dgobligbgdm, @md (8) ob Go@3 030395 (9) godmbobyangds s> 9@l bygrmgsbo

Lodygo@ml dJmbg ¥, 3GmEgLl. s@sbyammgsbo domgdsBoiyg®o @meobols 3jmby Y,
30m3glby oesbgmols dgdmbgggsdo, dspsmomsw, (9) hobofgmo dgdogabso@sw
oM ©50]dbgds:

(L)Y, 1) =¢,
ob M3 00390

O(L)Y, =6 +¢,,
boag

6=0L)u=»1-6,-0,—---0,)u=0Du.

5dobmsb, O(L)Y, =6 +¢&, 3obdmangdols sdmboblibos

Y = ! o+ g =
O(L) O(L)

+—-8,.
H o)

d5doboadyg, oy  LEsgombs®ygmo AR(p) 30magbo  dmEgdgeos
O(L)Y, =6 +¢, Lobom, 9gbps agoblmgogl, @mId o3 3OmEgbols dsmygds@dosy®o
@mEbos 5@ J, sModg
0 0 o
oL 0() 1-6,-0,——0,

I (12)

Gbowos, GmEs 6 =0, 35906 bgeols Goeos, s3Mgmgg, U. bogy@sewgdms olog,
OIRN!

41



0, 309803096Hd0L X080 gAmoboysb gbws oblbgoggdmwegl. Fobsowdwgy Fgdom-
bgggodo gobboggmo 3GmEglo LEsgombos@ o @ 0bgdo.

09e05-90 3900l ob@memgdsms Lol gds

©o379809bgn  AR(p) 30mEglol Ygbsdsdol (8) ©odmgogdgargdsl. dobo
@oigbgomo  dobobosmgdangdol  (woldg®bool, og@m3mga®osiogdol s  o3@™m3m-
M9 530960l) Eolowygbow  (8)-0l mA0gg dbsdy gogod@sgemm ¥, -bg (k>0):

ViVik = elyt—lyt—k + szz—zyz—k oot prz—pyt—k Vi -
od odmbabyangdol m@ogg Ibodgl dmgomm dosmgds@ogg®o @meobo.
E(yzyz—k):QIE(yt—lyt—k)+02E(yt—2yt—k)+'“+QpE(yt—pyt—k)+E(8tyt—k)'
Aopaobsi  bogdg  gagodal byemgsbo  Ladyoenml  3Jmby  3@m@Eglmeb s,
2obdo®@gbdols mobobdow,
E(glyl—k)zo’ COV(y,,y,_k)=E(y,y,_k)=y(k),
dogowgdm:
y(k)y=0y(k=1)+0,y(k=2)+--+0,y(k—p), k=123,... (13)
2539mm 53 93565b36geols m@ogg dbsdg ¥(0)-bg. 35906 dogowgdom Loli@gdsl,
g boiE 0gms-4m3g@ol gob@mmgdsms Lol gds gfmegds:
p(k)=0,p(k-1)+0,p(k=2)+---+6 ,p(k—p), k=123,.... (14)
(13) o (14) LobEgdgdo LoTygomgdsl agodegal Mobdodegg@mmdom sbglsbmg-
OM0  53G™M3M3oM05300Ls s 53FM MM gesi00l dbodgbgamdgdo s doGggero p
3bHO@IS0l ©s  JmMgEs300l  §™ggoE0gbHol  sdmygbgdom  godmgmgsgmme 0,

3098030963 gd0. 0gE-gm3z9@ol  Aob@mangdoms (14) LolBgds dgodangds godmgo-
495m00  LEASHOLA0ZYM®  IMbs39dgdmsb  ogBMMga®gbools  dmwgeol  dobowspgdols
30m39Ldo, @by Lboygdosdo dJmygosbgdom 3969ds.

VY 3sgomomo.  gobgobognmm AR(2) sg@megacdgboygmo 3dmaglo
Y, =4375+0,25Y,_, —0,125Y,_, +¢,
3MOg@ma@sdol sboggdo 25dmg04gbmm oygmo-gmgag@ol gobBmagdoms LobEgde.
Jmgdge dgdmbgggsdo p =2, s80@md
p(k)=0,25p(k —1)-0,125p(k - 2), k=1,23,....

42



256350R b0l mobsbdow  p(0)=1. 530l gomgomolfobgdomn p(1) -0l dglsdsdolo
2obBmagds 0dbgds
p(1) =0,25p(0) —0,125p(~1) = 0,25 - 0,125p(1)

Lbooasbs dogowgdm
p(1)=0,25/(1+0,125)=2/9=0,222.

P(2)-0bomgols dogowgdm
p(2) =0,25p(1) - 0,125p(0) = 0,25%0,222—-0,125 =—-0,069.
sbogrmpoy®ow, dmdeggbem 360dg3bgemdsms mobdndwggdmdolomgols g39]69d
p(3) =-0,045, p(4)=-0,003, p(5)=0,005 s ».9.

Omam®3  gbgoogm, gm@gamsizos  dgbmdgm  ©s330039090L  dm@obsg  go
dognosb d30Mgs s sdo@md dmbsgmebgemos, GmI slgmo 3§ 3Mog0lL GAsgJB®mG 00l
Jgggs  o@lLgdomom o6  0dbgds  aoblbgoggdbygmo  mgm@o  bdoydol  3Gmiglols
Mgoeoboiools Ji3930bop56. gobbogrygeo 3@miEgbol mgm@oymmo JoOgEmy@sds ©s
od  30mEgbol  dmpgmodmgdygao  @gomobsios  JmEgdgmos  Jggdmm  Jmygebogn
3055303by.

12

10

1.0+
)
0.6 [
0.4

0.2 |2

o
0.0+

4 e e B s
0 1 2 3 4 5 6 = 8 9 50 100 150 2bo 250 3do 3%0 4d0 450
G Te

5330930 gLool 3AmEglol BESEMbsGRm™dol 3oMmmds. dgHols ®m3g@s@maols
3mgo0bmdols go@9bgdomds

Mm@ gbobgm, 30G39mo Gogol dg@ol m3g@o@dm@ol 3meobodo 1-60L dgd-
G6900005, GoGs (0] <1. Bggbogol GEmdomas, sa@gmgy, G gl gHOEMds 3o6-
39500 00l 533MOgaMgloygmo  30mEglol  bLESEMbsGg@Mmbols  3o@Mbsl  [om-
o gbl. J399mm o3 300mdsL 2obgobmaswgdmn bgdboldog@o dswsgro @oyols dg@ols
M3905G™MA0L  3m@@obmdby. ©sbofgoldo gobgobommm dgmmdg @ogol  sg@M®9y-
Agbogeo 3GmEgbol,

Y, =0y, ,+0,y,,+¢, (15)

43



3mgrobmdo, Gmdgeoi dgdpgao Loboom gobolsbmg®gds 1—91L—92L2. beyows,
godagds dmgbobmm obgmo @ s @, , ®mMI Jmygsbogro 3menobmdo dgdwgao bo-
boo hog{g®mm:

1-6,L-6,L* =(1-¢L)(1-@L). (16)

Sgoms©  d935dm§dgdm, Gmd @ ©s @, Jgodengds Fdgao 30MMdgd0sb
dogowemnl: 0+0=0,, —0p=0,.

(16)-0l mobobdse, dgm@g @0l 3merobmdol ‘dgd®ybgdbomdols 30MmMmds so-
4356935 30G39@0 Gogol 3m@obmdgdol, 1-0L ws 1-@L, 9gd696gdamgdol s@lsg-
dmdabyg. doTobosdy, (16)-0Lomgols dgd@ybgdomds gyyaolbdmdl, @md dgldyen-
gl [0[<1 @ |o[<1. gb 30@mds Lbgobsodow Fgodggds Bodmgsysmodmo ..
dobobosmgdgemo  gobdmagdol  Gg@dobgddo. (16)-0l  dgbsdsdobo  dobslbosmgdgero
obBHME gdos

1-6,z-6,z> =0. (1)
5d 2obAMEgdols M@0 5IMboblibo oJgl, z; o z,, AMIagdlsi dsbslosmgdgemo
39bggd0 9Fmgdom. Jmzgdygmo ggliggdols aodmygbgdom (17) dgdwgyo Laboo dgod-
@3> yoesgfadmm:

(1=0,2)(1~-9z,)=0.
53gotros, @md |9y <1 wo [Py <1 306m8g3L Y gbodsdgds Jo@mmds |z;|>1 .

do'dobosadyg, dgmmg @oaol o5g3BmMAOga®gbogeo 3@mEglol dmerobmdo dodobos dgo-

1399073930 Lmgol 9bos ©eggy@ebmm Gom@®gdols by @ogm@o 3mmobmdgdols
2odMogagdol bmgow Fgbl, OmIgaoi dgdwgydo dpamds®gmdl. gomdgem, dmEgdgmos
@50dg bodo Qogr@®o

¢(L):¢o+¢1L+¢2L2 t+---
(L) =@y + QL+ @, L7 +--
O(L)=0,+0,L+0,L* +---,

obgmo, ®md G(L)P(L) =0(L). 35806 53 goe@dgdol ¢, @ ws O 3mgn030g6& 900
53d04moagdgb dgdegy 3o3mlobymgdgdl:

b0y =9,
by, + 6,0, =0,
G, + 0,0, + 6,0, =6,

(I)O(Pj +¢1(Pj—l +¢2(Pi—2 +...+¢j(P0 — ej

sgomom  dg360bogm, GmI (16) aodmlobymgdsdo G(L)=1-¢,L , ¢(L)=1-¢@,L w©>
S(L)=1-0,L—0,L". ps60s sdobs, ¢, =1,0,=0, ¢,=1,9,=0.
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G9b9do©0, OMES dolo doboslbosmgdgamo aob@mengdols m@Mogg Bgbgo ozdoymgomgdls
300mbsl |z;[>1. gb Fgpgao beogewe AR(p) 36mEgbol 0dsdn  Fgdwgaboomop
bodmygomodogde: 0dobomgol, @md O(L)y, =&, 3Gmagbol O(L) 3mmobmdo Vgde-
bgdoo ogmb, sanagd@ymo dob@mangdols
0(z)=1-0,z-0,z" -0,z =0

430> Babgo (Opm@E  bodrpgomo, Sbggy ¢md3mgdlgdo) gomgyamgabo  F@ob,
2[<1, podgo wbws 0dgmggdowgb. bps swgboBbmm, @®d O(L)  dmeroberdol
9936 79bgdo@mdol  306mds  sdsgy wEml  AR(p)  s@mmiglbol  bBsgombsdammdol
09(30e0989er0 s Loyds@olo 30@mdo300.

bmgowow, bgdoldog@o LEAsEgombsdgmo AR(p) 3dmiglbo, GmIgeroi dmogds
3990920 ©o90 3orgd Y gé0m

oY, - =¢,, O(L)=1-6,L—-6,L°—---—0,L",

‘dgodangds Fo®dmgopaobmmn MA(w) 3GmiEgbol gm@dom:

Ytzp+iocjsl_j, o, =1, i|ocj|<oo,
j=0 J=0
Amdgool goblbgoggdbymo hobsfg@os:
Y, =u+a(l)e,, bopsg a(l)= iajL-" =0(L)".
=0
V¥ 3sgo@0m0.  aobgobogrmm AR(2) dmpgao:
v, =12y,.,-032y,, +¢,.
‘dggo006mm dobsbosmgdgano 2sob@magds
1-1,2z+032z% =0.
dobolosmgdgemo gglggdo  z, =1/0,8 ws z,=1/0,4 ghmndy IgHo Lowowggdos. Jo-
Polowsdyg, AR -0l 3menobmdo
1-1,2L +0,32L% = (1-0,8L)(1—0,4L)
‘dgoO9bgdowos. A
V¥ 3spomomo. gobgoboenmen dgpdogol 93390 AR(2)  sgdmmgacdglboygeno
3@m3gbo:
Y, =4,375+0,25Y,, —0,125Y,_, +¢,
53 dgdmbgggaTo  @oan@o  3meobmdols  dosbslosmgdgemo  gsobpmengds, 0(z)=0 ,
‘9992 Lobgl doowgdls:

45



1-0,25z+0,125z2 =0 o6 z>—2z+8=0 .

dobo ¢39Liggdo, 21’2:1ii\/7, 3033 gdby@o  @oibggdos. 3mddeglbyg@o @oibgol
JoEamols 356d56@gd0l msbobdsw?, ™m@0gg %glgol 609369mmds SELMmyE@O
booom  smgds@gds gamb, osbg ®md 3OmEgbo  LEsEombsGygmo ©s dgd®ey-
bgdowos. aodmglobmm ol MA(®©) gom@dom: Y, =pu+o(L)g, , bowsg olL) s@ols
O(L) @oggco  3m@obmdol  9309bgdgemo.  sdolomgol  Imggsbogro  3GmEgbo
‘dgd@ga0 Loboom gowoglgdmm

+(1-0,25L+0,125L7) ¢, .

Y, =p+a(l, =L6+9(L)“a, __ 43D
0(1) 1-0,25+0,125

od 3OmEgbol domgdsGosyco gmoobos

5 4375

"
@53 dggbgds Lodygoamml 0Gagmog BB go®gds©

(1-0,25L + 0,125L2 - g, = (ZO‘_;U )e,

J=0
bofoeol, dolo gmbs@gHgeo Lobol wsbowegbsw, by o, 3mggoE0gbBgdol godm-

Lomgmgaow, O(L)a(L) =1 @ommdol Logydggmby dggompobmm dgdmgao godm-
Lobygangdgdo:

0,0, =1
0,0, +6,0, =0
0,0, + 0,0, + 0,00, =0

Gocxj+61cxj_l+62'c.x'l._2+---+6jcx0 =0
bagbl gdobgggedo 0, =1, 0, =—025, 0, =0,125, © ;=0 j=34,.... sbgo oG-
396do dmygobogro gsdmbsbyemgdgdowsb gsdmdwobostigmdl, @md o, =1,a, =0,25,
o, =0,0625 , a,=0,015625 @5 3. gl V993950 2330639698L, G boyswsw
o; =(0,25),/=0,1,2,.... 35Bsbosdy, Lodmmmme dgpgodmos hogfg@mo:

Y, =4375+0,25Y,, —0,125Y,_, +&, =5+(1+0,25L+(0,25)°L* +(0,25) L’ +---)e, .A

2 920blgbgom, mmI  3mI3egly@o Goibgo hsofgmgds Gmam@E z=a+bi, Lowsg
a > b bsdpgomo @oibggdos, boem i=+-=1 {o@dmbsbgomo Goibgos. msgol
db@0g, z-0b dmEymo 2560lsbgHgds GmaMOG |zl=Va® +b7 s 3odmlobagls
dobdoanll gmm@obsGms bomsggls s dmizgdyger z {gmGowl dm@olb.
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bgdmm hggb gobggbgm, @M LHogombsdgm  AR(p) 3GmEgbl gmggemmgols
‘dgglododgos globdygam MA(©) 3OmEgbo. 53 20Mgdmgdsbmsb ©s3ogdo@gdom bey-
bgd®0305, ©oglgom gombgs: sdol bgoglbo bemd o@ os@ol do@mgdbyero dgd@ey-
bgd o ©gdymgdsi, oby dgodargds 9y oMs LEsEombsGgmo  bmaswo MA(q)
30m3gLbols
Y, =p+e, +og, ++o,€_,
:u+gl+oclle+a2ngl+---+aqu8,
=p+(+oL+a,L% +-+o, L), =p+a(l,
53HMMJyA Lo 3GmEboe Fomdmwyghs?
©ogb0m0 3sbgbo doowgds 0d dgdmbgggedo, Gm@Es MA(g) 3GmEgbo ozds-
4oxoam ol dgo@9bgdsmdols 306mdsl. 39Admw, do@mgdymos dgdwgao ©gdymgds:
0g MA(q) dmgeols dobsbosmgdgemo gob@megdols
oc(z)=1+oclz+oc222+--~+ocqzq=O
ggoms z,,j=12,...,q ggbgo 3m3gdbg@o Lod@Egol gomggmemgsbo F@ol |z |<1
2590 0d4mygds (d98Gnbgdo@mdol 30Gm3ds), 35dob  sOlgdmdl Y, 3GmiEglols
938035 gbB®o  Fo@dmeagbols Lobg, ®mdganbsi globOygamm  @oyol s3@Mm®9y-
@gbogao 3Gmiglbol, AR(®)-ob, Loby o3l
O(L)(Y, —w) =¢,, bowsg O(L):l—inLj :L, 0, =1, iw_, | < oo,
= o(L) 7=0

sy, @3 MA(q) -bLwgols 9o 9bgdomdols 3oMmmdols glG e gdolsls
Y, _szej(yz—j —H)+e,.
=

30Mggemo @oaol d3g®ogo Lodygogrmlb Y, =p+eg, +ag,; 30m3gbobmgol dgo-
9690500300 JoGmdss |af <1.

VY dogomomo. Loogygb@@sgome gobgoboammm dspsmomno YV, =6+¢, +0,8¢, ,
amdgendoi a=08<1. 33543

1
1+0,8L

a(L)=1+08L, Y,—6=(1+08L),, (Y, -6)=¢,.

sgomse gohg969dm, @md O(L)=(1+0,8L) " =(1-0,8L+0,8>L* —--+), 5doEmd
(1-08L+0,8*L* —--)(Y,—6)=¢, =
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Y, =6 =08(Y_, —6)—08"(Y_, —6)+-+5, =
Y, =6(1-0,8+0,8" —)+0,8Y_ —08°Y  +-+g, =

6

= 1+0’8+0,8Y,_1 ~08°Y, ,+--+¢,. A

@> dmbgds my, dopomomsw, I3gg®sgo Lodygomml ¥V, =p+¢g, +ag, ;| dmogen-
‘do dgd@gbgdomdols |0c|<1306)m2>015 bogmo gy egds bofobsomdwgym 9@ m-

@ MdS |0c|>l. sdols sblbosl dggdengdm, 930 939dge0L M3gOSGHMOMSb 9O Mo
aobgoboarsgm  do@sdoMo dgdol ™m3gAsEm@AL, F -L. 53 gobob3bganols gobdo®-

Ggoos FY, = 3oBoboadg, F Foddmoppgbls L-ol 9gdc9bgdnml, F=L".

t+1

MA1) 36migbo dgdwgao Labom gowseggmmm:

Y,

1 1 1
1 —H=¢€,,, tog, :oc(s, +—s,+1]:oc(s, +—Fs,)=a(1+—F}s,
o o o

596 dogomgdbm

-1
1 1 1 1 1 1
€ :_(1+_F) 7, +1 —u)= a(l__F+_2F2__3F3+"')( t+1 —n)=

(0 (0 (0 a (0

(( 1) (,+2 )+~ (Vg — ) = (Vg — )+ ]
OC OC

N
1 1 1
( t+1 M)— ( t+2 M)— ( t+3 M)+ ( t+4 M)+ €¢)
a OL
1 1 1 1 1 1
Y :“(1__4'_2__34' ]+ Yiip - Yz+3+_3Yt+4+"'+agt'
(0 o o OC o
w1 1 1
Yz+l =—+— Yz+2 2Y1+3+_3Yt+4+"'+a81'
l+a o o a

d5doboadyg, dogomgo, GmMI s5dgddybgoso MA() 3dmEgbols dgdmbgggsdo Y, -b
db0dgbgamods  aobolobwgdgds o®s [odlygao, os@sdgo  dmdogoaro Y,k =
dbodgbgaomdgdom.

5380 205105-9390530 LoVgomel Yg@ggmo 3Gm3EgLgdo (ARMA 3Gem3gLgdo)

byyanmgobo domgdoBogy®o @meobols djmby ¥, 3@m@iEgbo doggznmgbgds s3@m-
@9209b0>-d39M530 bodgomml dgaggmo 30mEgll o9 oqo swofg®gds p Gogol
530MOgaMgbogao o g Mool IEyP@ogo Lodygoeml  dgdopygbergbom. sbigmo
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30mEgbo s@0bodbgds dmam@i ARMA(p,q) . 9860 dabdswe, bgemgsbo dsmgds-
A03900 @empobols 3Jmby ¥, 3MmEgbo dogggmgbgds ARMA(p,q) geosll mggo sl
9390 Loby oJgl:

y,=01y,_1+02y,_2+---+0py,_p+g,+oclg,_]+a23,_2+---aqg,_q, 0p¢o, aq;tO, (1)

oo €, 0bmgsioss, dmdgmoi Fo®dmdbols mgm@ bdoy@ls ng ©ob3dg@loom.
M3905GMOY@o geo®@dom dJmyggoboeno asdmbobyemgds dgdogao Loboboos:
O(L)y, =a(l)e,,
oo O(L) ws a(L) dg@ols m3g@s@dmmgdol 3memobmdgdoo:
6(L)=1-6,L-0,1> —---—6,L" a(L)=1+aL+o, L’ +--+a,L".
Amam®3 Tabo, oggmolbdgds @md dmygsbogr O(L) o a(l) 3memobmdgdl Loge-

0 ¢gliggdo o5 goohboo.
09 hggbmgol LosbGg®mgbem 3@OMEgLL goshbos s@sbymmgsbo domgds@oig®o

@mEobo 1, 35906 oo (3GmEgbo) ARMA(p,q) 3eroll 03 Ygdmbgggs@o dogzmm-
36905, @M@3o

p q
Y,-pu=>0,(Y_, -w+yoe_, oa,=1,0 %0, 0, %0 . )
J=1 j=0

ARMA(p,q) 3doEgbol MA(x) bsbom §s63meaghs. bmasomdolngol gsbgobo-
@E sMobymmgsbo  Lodygoemml IJmbg Y, 3Gmglo, Gmdgalsg (2)-0l Loby oJgl.

200537 gOmm 030 M3gAsGm@ Yo gm®don. g39]bgds:
0(L)Y, =8 +a(L),. @)

ooz 6=(1-60,-0, —--=0,)u.

dodmgdygaos  dgdegao ©gdgmgods:
e oy ARMA(p,q) dowpgeols 530m@ga®gbogao bsfogols dsbolosmgdgemo

2obBmEngdols,
0(z)=1-6,z—0,z" —---—6,z" =0,
ggaems Z;,j = L2,...,p 9gbgo 3md3gdbydo Lod@Byol gomgyemgsbo ol
|ZI<1, godgo 0dgmggds (9 o. |z, [>1,j=12,...;p), 35906 Y, bBogombsdy-

@0 30m3gbos s sOLYIMAL 5T 3OmEglol 933055096 yGo Lobg, GmIganocs
AbsbEgamem Gogolis MA(©) Lobom §o@dmwygbsli 5d399wgdomgde:

49



0 0
Yo=u+dce =l 2le;|<w,
j=0

=0
ob M3 00390
Y =u+c(l)g,,

bogsi (L) = chLj = % =0(L) " a(L); 535L;sb, ¢ 30980309bG o0l odwgs-
=0

Amds  {c;} dgdolodbogdgmo  3gmdgd@ogmop  3egosmo  dodEyg@mdos o,
do'dobosadyg, sdlmyGu®oe 3@gdowos. @s3 dggbgds 3GOmEgbol dosmgds@o-
Ja9® @meobl, b, ogo U9dwgao Loboo dmoggds: nu=0(1)"'8 , Lowsg o
®50dg I9edogo Lowowgs (2°)-Jo.
spgomoe 99360T6ogm, @03 ARMA(p,q) 36mEgbowsb MA(©) 3Gmigbols dobswy-
b5 (2)-0L (ob M3 ogoggs O(L)Y, =6+ a(L)e, -ol) m®ogg dbodg ¥bps gogod®og-

oo O(L) ' -by ©s ggmeg pogomgemolifobon ol gsdo, Gmd
0(L)'O(L)=0(L)0(L) ' =1.
G553 dgabgos C(L) 3mgobmdol ¢, 3mg80309bHYoL, dom godmbomgmgmowp 9bwos
3odmMgoygbmm hggbmgol 9339 3bmdogro seoam@omdo, GmIgamoi dmEgdye  3mb-
399H 9 dg3mbgggedo yueolbdmdl dgdwgao 2ob@mangdols
O(L)C(L)=a(L)

5demblbsl C(L) -0l dododm. 9xu6m 3mbi®Mgdymse, ¢, 3mgno3ogbdgdol aodmbon-

J
geogeo LobRgdsl O(L) o a(l) 3menobmdgdols bEOYJG YO0l 3060mdgddo dgdogao
Lobyg gd6g9do:
oo =ty
0,c, —0,c, =

Gocj —Glcj_l —ezcj_z _..._ejco =0, j=qg+1,q+2,...

09 3530mg5olifobgdm 03 go®gdmgodsl, Gmd O(L) o o(L) 3meobmdgdbdo 0, =1
©> oy =1, dogowgdm:
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ARMA(p,q) 360m3gbols AR(©) bsbom Fo@8mpaghs. jgmsg asbgobogmm s@o-
byyanmgobo Lodgogrml d9dggero (2) 3GmEgbo @s @sa®o 3m@obmdgdol godmyg-
bgdom dgdpgao Labom hogfgdmo:

B(L)(Y, —1) = (L),
do@mgdymos g gao ©gdyagds:

e g ARMA(p,q) dowgemols MA 6sfognols dsboloomgdgero obdmangdols,

0c(z)=1+0clz+oc222+--~+ocqzq=O,

ggaes  z;,j=12,...,9 @gabgo 3m33gdbg@o Lod@Egol gomggmmgsbo  {@ols

|ZzIS1 godgm 0dgmegds (F93@9bgdo@mdols 30Gm3ds), 3590b  s@Lgdmdls Y

30m3gbol 933085 gbGyg®o  Fo@dmeagbols  Lobg, @mdgaolsi  gbobegam

@020l 530MAgaGgbogeols 3GmmiEglol, AR(®)-o0l, Loby o3l

Y, - = 201_, (Y, — 1)+, o6 @3 opogy d(LY, —p)=¢,.
=

Lo d(L)=1- gd L= 2((—?) =a(L)'0(L).

53 030Lgdgdoesb 953mdobs@gmol, Gmd Lsgombsdgemo ARMA(p,q) 36Gm-
3gbol 83@mJLododgds dglsdangdganos Logdo@olo@ do@ogro @ogols I3 y@dogo bo-
dgogml 3OmEgbom, bogm J93@nbgdoemdol soGmdol Jgldrygangdbolisl o S3Gm -
Lbodo®gdobmgol dgodgrgds  20dmgoggbmo  Logdo@olse dos@sgro @ogol o33 m®9y-
Agbogeo 3OmEglo. dsDobowsdy, 3@oGogyer odmEsbgddo dgodangds Logdmmeo
239000 og9s@mm  ARMA  dmwgaol 2s3mygbgdol s dgdmgogsdyemm AR ob
MA dmpgeools yobbogngom. dopa@ed 3OMdagds olos, @mI sbgm dgdmbgggsdo dg-
Lboggoligdgero 3mgx03096¢gool Goigbgo ‘dgodagds 0dwgbsw wowo s@dmhbegl, ™3
2oo5dgBAML 3oy ©633003905ms Moibgl. 53 mgelsb@olom ARMA dmwpgeno
‘dgodan gds 9RAO® g3mbmdogdo oymb.

ARMA 3cmwgeogdols godmygbgdolsls dgdwgao mogoligdy®gdgdos golbosmgomol-
Fobgdgemo.

— oy ARMA(p,,q,) o> ARMA(p,.q,) g6m3sbgmolsgsb LALEobE G0 ©s-
dmyggogdgeo Y, oo X, 373003980l 30mEglgdos o Z, =Y, + X, , 35906 Bo3y@l

Fo@dmoygbls Logygsios, Gmas  Z, sbygg ARMA(p,q) @o3obss, Gmdgolngolss

t
P=p TP,

q4=p+49,.906> p+4q,>p,+q,,
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49=P>+4,:006> Py +4,> P +q;.
‘dglodangdgaos olgmo Lo@yoEosE, Gmas p -bs o g -l 360dgbgermdgdbo  bgdmm
50b0dbyga by bogengdos. slgmo LoGgsEos 35dob s@lgdmdl, dmas Y, ws X, 30m-
39Lgool Igbododolbo sgBmmga®gbogemo bofoagdol dg@ol 3m@obmdgdl Log®om
3gLggdo goshbos.

— 396dm dgdmbgggedo, dmEs meogg Y, oo X, 3(3M03L goblbgeggogmo 3o-
@539H®gd0L 3Jmbg AR(1) ULsby oJglL, domo xod0 ARMA2,1) dmwpgeom oo g-
M goo.

— dGogomo  g3mbmdogyg®o @momo I 3M0g0 sa®gaodgdom doowgds. bgdemm
50b0db g0 BoBowsb godmdobomgmdl, @md, ™y SgMgyodgdols ymggmo Jmd-
3mbgbBo dggbodsdgdbs AR Jmpgenl, d5dob 53 3mI3mbgbBgool wsdmyzogdermdols
300md96do domo xod0 0dbgds ARMA 3dmigLo. slbigmogg Lobol 3@miEglo doowmgds
0d dgdmbgggedo, GmEs Jmddmbgb@gdols bsfoemo AR Fodol, sbs@bgbo 3md3m-
696@gd0 go MA @Godobss. gOmop-ghmo godmbsjenobos dgdmbgggs, GmEs gggems
3033mbgbdo MA -l doggnmgbgds — o sadgaodgdom ggemmeg MA 36mEgbl gog-
3@ mdm. @slolegml, oggdgom, GMd Ggomgmo g3mbmdogn@o 3736050 AR(p)
Jogenl 9J399w0gdo®gds, dog@sd o3 3§ 3Mogol 360dgbgermdgdls dgdmbgggomo (3om-
Jogngdgdom gbmsgm, @mImgdoi §o®dmdbosh mgm@d bloyg@l obg MA(0) 3@m-

GgbL. 35906 ©s33003905© V30035 ARMA(p, p) Imwgemo ggledsdgds.

boghom g9bggdo

ARMA  dmpgangdols  a03mygbgds bdodoe  ©s3ogdodgdyemos  Logdmm, oby
Sbymodgdomo Bqliggdol 3OMdagdslmsb. gl bodbogl, @md AR s MA 30mI3m-
696090 ARMA dmwpgendo bmaxg®  gOmbso®o 1gliggdo goshbos. sligmo gligg-
ol godmga gbolisll dgbodangdganos domo dg339G3o © YBROM ©sdsgro @ool, b9y

9RO 93mbmdoy@ dmgabg aoesbgems. bsogrglG®sgome aobgobogmon 3OM(39-
Lo, @mdgeoi ARMA(2,1) Lsboloo

(1-0,L-0,L)y, =(1+al),.

9L godmbobyagds dgdegyboo@oe dgodangds hoglg®mm

(=0, L)1~0,L)y, =(1+al)e,. )
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09 s@dmhbegds, MM a =—@, 35T0b mA0gy Tbody Dgagodmos goggmo (1+al)-
by @ 2oEo3009m 2dmbobymgdoby

(1-0,L)y, =¢,,
amdgenoi obgmoggs, o3 (3). doTobowsdyg, ghmo sbygmodmgdowo gqligol dgdmb-
393590 ARMA(p,q) dcmwgero dgodengds bogfg@mm ARMA(p—1,qg—1) Loboo.

dogogmomobamgol gobgobogrmo dmwgano
Ve=y,.,-025y,,+¢,-0,5¢,_,
Amdgeoi olg dgodangds aoesegigdemm
(1-0,5L)(1-0,5L)y, =(1-0,5L), .

Gbowos, 0g0 Vgodamgds ©ogoggobmm AR(1)  dmwgenby

(1-0,5L)y, =¢,
ob, G 90ge, JnRyEby

v, =05y, +¢,,
amdgeoi byl 0yogg 3Om3EgLbL s gal, @slsi (3) dmpgano.

Log@mm gglggool 36mdengds 0d Lodbgenggdol ogylG®o®gdsl osbpgbl, s
doogro @00l ARMA  dmpgeools dggoligdolsl Fo®dmodbgds. Logdg obss, @md
Jogamols 0©0gbBogogsEos s dggoligds Gmymos, oy MA s AR 3merobmdgdols
39Lggd0 momJdol gOmbsocos. O(L) s a(l) IMogoe§g3@gools bog@mem 3536 og-
@gdol oOlgomds goblsgymdmgdon stmyamgdls ARMA dmwgaol 3mgno30gb@gdols
dggnobgdsl. @odpgboedg ao39LYOMm® Jmgagbgdl o o3 godgdmgdol oybE@o-
Mgos dgdegao dmwegenols

Vi =01y,,+0,y, 5+ toug, +0,8,,

309803096(930L  B98sLgdol dogomonby asbgobogmm. o8 dobbom dmboizgdmos
2969M5300bmgols ARMA2,2) dmpgerols ‘dgdpgao gomosbGo aodmgoygbmm

v, =13y,,-04y,_, +¢,-03¢,, -0,4¢,_,,
@mdmolngolsi

0(L)=1-13L+0,4L> =(1-0,8L)(1—-0,5L)

a(L)=1-03L-0,4L> =(1-0,8L)(1+0,5L).
@003 gbgosgm, (L) s a(l) Lagdhmem dsd@sganol, (1-0,8L) -0, 3Jmbg ddogee-
F9309500. @bGog 1-30 dm3999mos dmygobomo dmpgmon  a969@0@gdeeo 100
©533003950L2,06 Fg90gom0 F9@hgg0l gneligdols gwgagdo.

53



gb®ogo 1. Logdmm g9bgol IJmbg ARMAR,2) dmwgenol dgxsligdols dgogagdo
(o300 g0Rgd o 3geoo ¥,)

Method: Least Squares; Sampie (adjusted): 3 100; Included observations: 98 after adjusting endpoints;
Convergence achieved after 16 iterations; Backcast: 1 2

Iepesennan Kovpduunent E':"m":::“ ETATHETHES Panavuenne
AR(1) 0.188566 0.732636 0.257381 0.7974
AR(2) 0.088017 0.364477 (.241489 0.8097
MA(1) 0.809562 0.726516 1114307 0.2680
MA(2) 0183854 0.392497 0.468421 0.6406

R-squared 0.544602 Mean dependent var -0.142850
Adjusted R-squared 0.530068 5.D. dependent var 1.301768
5.E. of regression 0.892383 Akaike info criterion 2.650117
Sum squared resid T4 85665 Selnwarz criterion 2.755626
Log likelthood | -125.8557 Dhurbin-Warson stai 1.989028
Inverted AR Roats 0.41 -0.22
Inverted MA Roots =040 - 014§ -0.40+0.144

gb®ogo 2. Loghmm ggligobash aomogolynmgdbyamo ARMALL) dmwgeols

dggobgdol dgegpgdo (©odmgoEgdgmo GgEoo  y,)

Method: Least Squares; Sample (adjusted). 2 100, included observations: %9 after adjusting endpoints,

Convergence achieved after 6 iterations; Backcast 1

MNepemiernnan Kosppmument Cr;lu“.::::n -CTATHCTHER Poanauenne
AR(1) 0.458982 0.115096 3.98TE19 0.0001
MA(D) 0.529106 (.108628 4870793 00000

R-squared 0.542302 Mean dependent var | -0.141407
Adjusted R-squared (0.537583 5.D. dependent var 1.295189
S.E. of regression 0.880745 Akaike info criterion 2.603897
Sum squared resid 75.24399 Schwars crirerion 2656324
Log likelihood | =126.8929 Durbin-Watson star 1969688
Inverted AR Roots 0.46
fnverted MA Roots -0.53

>g0ms©  dg3b60dbogm, Gmd mmbogg 30980309630 LEsEoLbE0gg®s d60dgbgenm-
gobo 5@ sMol, gods sdobs, Jowgdygan db0dgbgenmdgdl s®oxggdo LogBmem os@o
5Jgb dmpgeols 3mgx03096@ g0l 03 360dg3bgemdgdbmsb, @mIamols Logydggen by
2obbmA0gees dmbsigdms 39bgdomgds. 53539 ML, EbGogr 2-Fo dmygsbognos
9339 Log@omm 3oddoganolsgob gomsgolygmgdygemo ARMA(LL) dmwgenols

v, =05y, +¢,+0,5¢,
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Fgguobgools dggagdo. Gmym® 3 gbgosgm, 3 dgdmbgggsdo domgdygao dggygdo
LEOg@os© ©sds doymegom gdgaos.

slolGgml, 330bes ogy gombga o@gbodbmm, @™, @GmEs ARMA(p,q)
30m@Egbol 0(2) o a(z) 30ogomTg309dl bog@me gglggdo  o@ goshboom, 3580b
30m39bol  bBsgombs@aarmdobsmgol syioargdgemo s bogds@obos, @md sg@m@g-
3®gLogmo bofomol dobobosmgdgao 0(z) =0 gob@mmgdol yggems z,,j=12,...,p
39Lg0 3md3gLy@o Lod®AYol gOmggermgsbo Faol |z[<1gs@gm 0dgmegdmogl. oI
g0 gdodo Log@mem ggligols s@o@lgdmds dognbg 360dgbgermgsbo dmdgb@os. Lo
dg olos, H™MI Log@mem ggligol s@Lgomdolols ARMA(p,q) 3GmEgbo bEsEombos@m e
Fgodergds 08 Vgdmbgggodoi swdmbbogl, Gmas 0(z2) =0 gob@margdol Gmdgarody
B9bgo 533594mRoegdl 30Mmmdsl | z[=1. LsoggbB@sgome gobgobogmo dopseomo.
gndgom, y, =€,. gb 30m3EgLo LEsEombodgaos. aobgoboame bbgomds y, =y, ;:

V=V =€ —€,4,
Gmdgeoi dgdegao Lobom dgodangds hogfg®Omm
(-L)y, =(1-L)e,
obyy O(L)y, =a(L)e, , bowox O(L)=1-L > o(L)=1-L . 359sbowsdyg, dogomgn y,
30mi3gbol  ARMA(1,1) 3mwgeno
V.=V, +€ —€,4,

@edmobmgolsg 0(2) =0 gobdmagdols ggbgo gOmol Goeos, ©s gl 03 oG-
396do, @mEs ¥, bLESEMbsGg@o..

bgbmby@mdols Stsbgs ARMA dmgegeo o

OM3S ©53300390500 @Mmomo 3F 30030 bobosmnwgds 333gm@oe godmbs@ygeno
Lgbmby®mdom, d5dob o3 3730030l dglodsdolo ARMA dmwgero ybos dgoiegwgl
Lgbmby®mdols sdLobgger  gangdgb@l. 3go®@ogydo dmbsogdgdobmgol bybmbydl
Fo®dmowygbls  3odggamo  @ogol  LEsEombs®yeo  Lgbmbydo 530™OgaMgLools
Jmwgaro SAR(1)

v, =0y, ,+¢ , |0, ,
s Lygbmbgdo dgg@sgo Lodgomml dmwgmo SMA(L)

yz = 8[ + a4gz—4
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Fgodergds  Yggodmfdmm, @md SAR(l) dmwgmols 300mdgdTo  5g@mgmGd -

(30960 Bbdios dgdpgao Lobom asbolsbmg®gds
p(k)=0,", dogs k=4m, m=01.2,...
pk)=0 wobs@hgbo k> 0-mgol.

d39Mog0 Lodygogrml dmwgaobasmgol 3o
p(0)=1, p(4)=qa,,
pk)=0 wobs@hgbo k> 0-mgol.

sO5Lgbmby@o s Lygbmbydo  (3geoagdgbols  3mdbobsiools  ogomomgdls
Fo@dmoegbls ARMA((1,4),]) s ARMA((1,(4,1)) . 30639a» domaobdo Lybmby@mods
3e00begds 533™MA M Loyga bofogdo s dglsdsdol dmwgals dgdwgao Lobg ofgl:

v, =0y, ,+0,y,_,+¢e +tae, | .

gmerg, oby ARMA((1,(4,1)) gocosb®d@o 3o bgbmbydmdols gegdgb@dl  dgoicegh

d39®og0 Lodygogrml bofogro, sdo@md Jmegero dgdwgaboso@se hoofgmgds:
Y, =0y, ++e, +aE,  ta,g, .

Lgbmby@mdols sdbobggero o dmygebogno Jmegangdol dspsmomgdo dogznmg-
6gos 9.¥. s@oBoad Lgbmbyd Inwgmadl. 3Ms]Bogodo gbgogdbom symgmgg daedo-
3E0g5(309® bgbebn®m dmwge gdlsz. sbgmgdos, dogsmonsw,

(1-0,L)1-0,L*)y, =(1+a,L)g,,
(1-0,L)y, = (1+a,L)(1+0,LY)e, .

od dmgagdol bbgobso®o hobsf§g@mos

y,=0y,_,+0,y,_,-00,y, s+¢ +a,,,

Y, =0y, tE taE,  oE o8, ;.

G003 gbyrsgm, Jodgge dnEgmdo spaomo ofgb 1 ©s 4 @opol sg@Hem-
@ga®mgbogeo y, | ©o ¥, , dgdoygbangdol, dgm@g dmegedo go I3ycsgo bodyo-
ol &, ©5 &_, 3995039630l 9600960 Jdgogosl. bswos, gl dmogmgdo Fgo-
©IA0 SLR0HOYA0 dmngargdols

Y, =0y, ,+0,y,_,+0sy, s +e +aE, ),

V, =0y, te tag,  taE,_, +asg, s,
39Mdm  gdmbggggdos, GmImgddoi 05 =—0,0, ©s> as=o,0,. OoEgbsE 53 ©sdm-
300909 gdgools Jo@mgdygamobols dgbobgd byermgseb dodmmgboli gg® yodgymym,
do'dob, d9bgo@mogos, soRoydo Jmegeol dgaslgdowsb 9bws yopsgopgom  Iygen-
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G03@035309M0 dmgmgdol dgnolgdboby. 5dobmob, s@lsbodbogos, ®md Lybmbey-
@mdol  >Eo@0YMo s  IPE@E03E 035309900 §oM05bFgdowsb @MmIgerodgl  g3o®o-
Aagbmdol mgm@ogmo slsdygmgds 5@ s@OLgomdL.

§ 3. ARMA dmEgeol 1393098045300 @S >@hggs

o379 dgom, aoboboangds @039 ¥, V..., ¥y ©Omomo (3030 s s@OLgIMSL
dobob@gds, @M ol doowgds ARMA dmwgeool Logydggerby. sbgm ‘dgdmbgggsdo
hbgds dmpgeol  3mbi@gRgeo  Lobol dg@hggol  oyEomgdbemmds. 3™ gdols

2o05( Y390 1od g@Bo3l dmoogl:

1) dmpgaol b3gEogogsEos

2) dmpgaol dggaslgos

3) dmpgerols osgbmliogs.

1393093035300 gBo3bg ARMA dmwgargdols ganslbowsb godbggm @mdganody
390dm Jmegels oby gopagbo p ©s g 35M53gBMgools 360dgbganmdbgdl. g3mbemdo-
3960 dobsob@gdol Logydggerby, 9dgdglb dgdmbgggsdo, dgygdangdgeros ©@Momo
37 3Mog0L  dmgenols 30bi@gR o 13g305045300L 2obbobwg@s. sdoFmd w®Mmomo
37 3™0g900bomgols aodmbogao dmwgaool Lobgl 3bo'dgbgermgsb{omow s®@Lgdyano
dmbs(399900 25bLobrgdagl. bgdoldog®o dmpgeols dga3eligdsl, hgguamgd@og, Fob
99gol dmboizgdgdol Loggdgamdy 530M3MOIEoGo0ls ©> 3g@dm  S§HMnG -
300L 3Mgn030gbEgdol dggnoligds. b'dodow gl goM3399e owgols odanggs odols dg-
Lbobgd, 09 Gmagm®o gbes ogmb hggbmgol Loob@g@gbm dmwgao. gOmo 5b @odwg-
bodg dmegaols dggnolgdol dgdwgy dom bo®olbbg dbxgamdbols Lodygoagdsl od-
@ggs, gOmo IbMog, bo@hgbgdols dgdm{dgds 0dsbyg, 09y @sdgbsw dgglodsdgdosb
obobo 0go@ bldsy®dlb s, dgm@dg dbMog, dgusbgdygeo Jmegergdols dom San@g@bo-
Aoy 139(308035(3090m0b  Tgoomgds. sbgmo dgoo®gds dgodangds  gobgobm@zo-
geomm bEs@obGogyg®o 3b0dgbganmgbgdol Ggl@gdol Logydggenbyg b 0bwogoweys-
ey@0 dmpgaol dgahggol 3@o@g@odols yodmygbgdoom.

533 M M gE530900 B6J305

53OMIMOIo30Ya0  Gabdaos (538) >@fgnl  y, -bes ©s ol @oagd ¥,
3609369@ Mmool @0l jm@gasiosl Gmam®i k- gubdiost. dgysbligbgom, GmI
k @020L 533 M3mAOgs300l 3mgR030gb@o dgdogao Lobom aobobsbwgmgds:
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cov(y,,y,_ k cov(y,, v,
p(k): (yl yl k):}/( ) 06 JOQ33 pk: (yl yl k):y_k
var(y,) y(0) var(y,) Yo

MA(1) dmpgeolosmgols hggb gbsbym, @Gmd

(04
p=——7> P=0, p;=0, ...,
1+
9. 0. 53HM3mMgesizool dbmerme Jo®Mggmo  3mgxR0309bGo goblbgogogds bymol-
aob. MA(2) dmwgemolsmgols,

W=EE raE, T8, ,,

d3°d3L
E(y))=(+af +aj)o?,
Ey,y.,)=(a+aa, )02 s
E(yzyz—z) :azaza
E(y,y,,)=0,k=345,....
do'dolo@sdy,

_EQyi) o+
EGD)  l+af +aj

1

Py = E(yy,-) _ ay )
*OEGY  ltal+al’
pp =0, k=34,...

9L 20dmbsbgmgdgdo agobggbgol, @md  MAR2) dmpgmobngol m@o ool
99092 ©3BM3MOgEs30Yao Bybjiool 360dgbgamds bymols Gmanos. bmyswo dgd-
mbgggoTdo, MA(g) dmwgmobsmgol s3Bm3m@gaocogdo  g9bdcools 360dgbgamds
byaols Hommos g @ogol 999097 05BMMGImaG0G0  g96J300L gl mgolgds
MA 30pgeols 139308035000 OO Fgodmgds g0dng0496mm ¢ -l 60dg6gamdols
ooy gboe. dopa®od, 0dol 25dm, G®MI mgmAoygmo  5gEM MM gesiools dbodgbg-
@mds Bgg60mg0L 13E6MB0s, dmwgmol 13g30803500bsl 9bws dogdsGmmm d9@hy-
3000 sbogrmall — dg@bgzom o3& m3magEszog® Bubliosb.

Tgbgg0m0 o3GOGOBILG0IH0 Gabios S3HMInGsgool Fggobgdga go-
980G096GHIdL Foddmpzorpgbl GmamdE K -b gubdcool. o §mg8oE0gbHhob doge-
dobogro Fgualgds Fgdegao Lobolss:
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1 T
T _ f L=k YVik 5

Yk
] «r
?Zz:l ylz }/0

= (1)
SM5by@mgobo Lodygsenml dJmby wdmomo 3§ 3ogobomgol sbigmo dogrmlbogno jmg-

Pi

30(3096@00:
1

_T-k

T A A
L= =)

Pi =

)

| «r -
2 (=)’ o

SR —
Logwos M:Y:?ZMY, s6ol - Yggelgdo.

do'dolbo@sdyg, dmygobogn  asdmbobyergdgddo mgm@oygmo  3mgeMmos0gdo  domo
‘dgdhggomo gasligdgdom s@ol dgigemogo. san@g@bs@oygen dgdmbgggsdo p, dg-
odggds dggoxzgobom vy, -l ¥, -bg @gacglool Lodygoengdom. sbgm  Lo@gsEosdo
A5 body  goblbgaggdnemo Dggoligds Joowgds, Goasbo P 3™980G0g6E0L
aodmbsmgan gano ge@dyeols dGoibggendo s dbodgbgando gOmo s oyogy, T —k,
om0 bmdol dglogmgdgdos [o®ddmwygbogno.

Goeaobo3  Pi Ibmmeme  Yggolgdss  pi -bmgol, sdodmd LogomEgdgmm 5@
s@0l, @md dgabgzom s3@mgm@gesizool gubdiosdo mgm@ogmo  S3BM M@ gens-
Gool 3960l magolgdy@gds bybAsw sobsbol.  9u@m dgdoz, P b ©oz3060-
390500 3b0dgbgenmdgdo dgodangds gledhbggow aoblbgogogdmwgl p; -bopsb. 39@-
Jo, 0y Omdgmwody k =k -bogol pp =0, degeoi Fabo, P 20, G0 po@ 350
e LoOmgeggdl Fo@mdmdmdl  3g305045300L 5dmEobol aowsfyggdolsl. sdol
doybgooge, bdod dgdmbgggsdo, mgm@ogao sg@m3zmagmsizools g9bjiosby dgod-
@agbds godbxgeremm dobo dg@hggomo sbogomgom. sdobsmgols dgodengds godmgoyg-
beyvm sbod3GmMBY0 FgEgao, OMIgEoE sbadgmgdl, GMI, AMES ©s3g0Mggo0l Mos-
bgo ©@oos o & 0bmgoos gogloll mgm@o bdsg@os, d5Tob MA(g) dmwgenol-

mgol, k>g 998mbgggodo, P -l gobofomgds osbarml sGols bo@Ioma@mob ©s
D mER)=p.
—>®0
. 1
2) v, :D(pk)z?(1+2p12 +2p2 +---+2p§), k>gq.
35Tobosdyg, o ¥, 30m3gLl Vggbodsdgds MA(g) dmwgero, 5Tob
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pr > NQOv,), k>q,

bosi Vi ©obdg@lool bgdmm dmygobogro dbodgbgamdss. gl godgdmgds Lodyge-
agodol ag5d@ gl LEASbEsOE Yo bm@dsamyg@o gobofoemgbols 20dmygbgdom doob-
@mgdom 9935d0FInm oGl oy sG> Inigdgmo ¥, 3Gmagbo MA(q) Hodol. dspo-
@omoE, OmI dg358mFdmn  Jodmmgbs 0dols dglobgd, @OmI dgdds@oBo dmpgero
5ol MA0) wo o> MA(l), 9bos aobgobogmmm byarmgsbo Jodmmgbs p; =0, ao-
dogmgogmmn LEs@ob@ogs ﬁﬁl ©> dgg9o®mm 00 bESbEsOE Yo bm@dsmy®o
aobofoggbdols dglodsdol 3@oGogyge 360dgbgermdsl. oy dowgdaao \/?/31 Smgdo-
B9ds>  gMoBogge  360dgbganmdsl, Pomgymaym bymmgsb dodmmgbsl Hjy:p, =0,
Fobosswdwgy d9dmbgggsdo gwgdgemdon byemgsb 303m@gbsl o gmgmom, ®m3
Y, 360mEgbl dggbsdsdgds MA(0). sbsgrmyogdow, MA(k—1) Jodm@gbols Dgdm§ay-
d> MA(k) seo@g@bo@ogol 306m393d0 bom@Eogmegds o, =0 -0l BgbBodgdom,
@53 9990 LEAsEoLbE0g0l aodmmgansl:

pi—0 _ AT

N \/1+2/312+2/322+---+2/3;
©> dJowgdygao d60dgbgarmdols dgoo@mgdol ggeolibdmdl LEsbps@Fgao bo®ds-

)

@0 25bsfomgdosb  s@gbye  s@oGogge  3b0'dgbgermdslmsb.  s@bsbodbogos,
amd Logdo@obop oo T -Logol P -U 95%-560 bpmdols 0b@gmgogo dgoygbls
2 bEobosd@ e goob@sl. sdodmd, Gmam®E [gbo, L3ggosgobgdygemo 3m830-
9BYOYE0  3OmaM5dgool godmbsdgdgddo dg@mbggomo og3@mIMGgEsE0Y®0  Bybl-
Gool gdsg3ogbyg Vgo3olgdamo P, -bamgol dmEgdyeos
%(l+2/312+2/322+---+2/3§) N3 %

©ob3dg@bool Logydgge by aodmmgemomo Lobwg@gdo m@o LEHsbs®GYmo dgiEom-
dol Bodpergddo. mg o5g3HMgMAgasi3o0l dg@hggomo d60dgbganmds o3 Lobrmg®gddo
o>mdmhbgds, d5dob  5%-05b0  db0dgbgermgbgdol  @mboo  bygomgsbo  dodm@Egbols
DoMYMes oG begds, bomm Gmas Pi -l 360336gemds 53 bobeg®dgdl Lomegdos,
dodob  0pogg 360dgbgarmgbgdols  mboon  oMgymam  byamgsb  d03mmgbals
Hy:p,=0.

do'dolbo@sdyg, d3g@sgo Lodygomml dmegerols Moo dgodangds gobglobrg®mm
B9@hgg0m0 55BM3OGIEs30900 Fgbdo0b yedmggmggom. gmgaer dgdobgggodo, gl
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3odm3gerggs dma3i39dl g -b olbgm 360dgbgermdsol, MMmIemo@asbsz dgodengds wogol-
oo, bogem s@ol oy s®s gl dbodgbganmds dobowgdo, sdol aoMg3393> JmEgemols
‘dgdamdo ooy bmbEogzon bm@dEogmogds.

530 9aM9bools dmwgagdbobomgol og@M MAgasEoydo  gubdiEos bsgenrgdsw
Lobodggomms. AR(1) dmpgmolbomgol hggh gbobgm, G ogBmgmegemsaools jmg-

30309600 bygeoliggh doolbf®sggol gdldmbgbioseydsw, p; = 0", > @ool Lol-
@0 360dgbgamdobmgols s@ byergds. domasmo Mool sg@m®ga®glboyemo dmwg-
@gdolomgol 53BM3MmMges30M0 B9bd3os 9BOMm Gmymos. yobgobogmm, doyo-
momoe, AR(2) dmwgao
y, =0y ,+0,y,_, +¢, .
539 dgom, @md LEHsE0mbosOmMmdoll 30@mds LOYmgds.  hggbmgol (36mdogros,
@md sSbgm dgdmbgggsdo ¥, dgodangds [o@dmgomaobmm dodwobsdg s [obs 3g-
@omEgdol mgo@o bdsyg®ols 3OmiEgbgdol dgfmbogro xodol boboom, G®dgol domg-
35003900 @mEobo bymols Gmeros. 2og35d@sgammm  dmygoboao  godmlsbyagdols
m®03g Ibodg ¥, -bg ©> Jowgdya Gmemdsl dmgomm domgds@oiyg®o ameobo.
03530OMYEsE A530mg5oliffobmm jmgo@osiools aobdo@@gds. do'dob dogomgdm
Ve =070+ 0,7 -
09 bsmomsme asbgoboansgn k=1, k=2 ©s 5.9. 3603369@ 093, 239]690s:
71 =070 +0,71,
72 =071 +0y70,

Yk =011+ 0274

AOWS300J!M  53EBMZMAOJES309@  BYbJ0obg. sdobsmgol mommgygmo  gob@mangds
39340Mm ¥o-bg. 300390 mAo gobRmagdolbsmgol dogowgdm

Py =6, +0,p,

Py =0p +6,,
bo@m ©sbs®hgbo gobGmergdgdo 3o dgdogy bmasw Lobgby wooygebgds

pk =01pk_1 +02pk—2’ k:3,4,

bgdmm 9339 ©0gbodbgom, @™ gob@Gmamgdgdols dogan o3 gHmMbmombdsls  oyge-

9o 3g6ol gob@mmgdgdo gfmegds. o3 LobRgdol 3oMggmmo m@o ob@mengdosb
‘dgodangds godmglobmom p; s pPj:

91 912
= , =——+0,.
Pi -6, P -6, 2
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53BM3MOg@s30Yao  gubdiEool  @obos®hgbo 360dgbgermdgdo 3o doowgds  @g3%-
G9bHgemo wedogorgdymjoorsh

Pr =01Pr 1 + 0,04 5
amdemoi dgmdg Gogol ©oggMgbiosmy® aob@magdsls gglisdsdgds. sbgmo gob-
A gdols s3mbsblbl dgdpgao Lobg oJgl

P =Ci(m)" +Cy(my)",
booi T ©s 7, dobobosmgdgano gob@magdol ggliggdos, boem C; s C,
d9doggdos, GMAamgdoi Lbofyobo 30Mmdgdom, 3g@dme go p;-obs ©s P, -ob dbod-
369809500, 2obolobwg@gds. LGoombs@aaro 3mmigbobsmgolb m, s> T, Rglgg-
b0l Jmeyao gOmbg bogargdos, 5do@md IJmygsbogo gsdmbobyagds hoJdmdswos.
9L 6036ogl, AmI AR(2) dmwgmolbmgol, LAsEoMmbsGP@Mmdol FgdmbgggsTo,  ogdm-

3930960 316300, 3oM33ggero dmIgbBosh wsfygdbymo, ho@mdswos. my
9L 300mds 5@ LOYmEgds, 35Tdob 3OmEglo sOSLESEMbsGY@o..
sbogmyoyg®o  ©oliggbs dgodangds  2535390mm  LESE0MbsGYmo  3GMm3gLlol
530MA a0 gbogmo Inwgmols bogswo AR(p) gos®osbolsmgols,
W= elyz—l +02yz—2 +"'+0pyt—p +é&,
@mdenols  dgbodsdolo  og@mgmgodosiogdo  Fo@mdmJdbol hggbmgol 9339 boibmd

Lobi@gdsls
Vi =07, +0y ,++0,y, . k=123,...

aobgoboenmm 53 LolEgdol 30Mggee p gobGmangds

Y1=01y0+0,y 40y,
Y2 =6y +070++0,7,

}/p :917/[7—1 +927/p—2 +'“+9p7/0

©> 0onOggE Jo0yobo  pogynge Yo by dogoegdm  og-gemgdol pobiHmwy-
39300 BsFomls

p,=6,+6,p, +---+0ppp_1

p,=0,p, +6, +---+t9ppp_2
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09 53 9g5bolgbgenl ogs3300©gdbom, d9360dbogm 3b@MGob-® oGOl go@MEsJdbsls,
Omdgeoi 39dm094gbgds 53@BMIMMgesizools 3GOMbegdol yowsbsgsbogo @ga®glo-
ol (hggbl dgdmbgggsdo Fygoeygdo @ga®gbool) dmwgendo:
Y, =pu+oX, +u,, u, =0u_ +g, [0]<I. (12)
do'dolbo@sdg, Mm@Es bLOYPmegds ¢ =00, 30Omds, do5dob  (12) obsdogy®o
ADL(1,L1) 3mpgaools,
Y =0+¢,X, +¢, X, +¢,
39MJdm  dgdmbgggos. odogg oMb, ®m@Es ¢y 20 ,bmgoo  ADL(LL1)  dmwgeno
‘dgdwgao Loboom dgodangds (o®dmgoaobom:

(1-9L)Y,:8+¢0(1+i’—1L)X,+8, o6 O(L)Y, =5+0(L)X, +¢,,
0

baoi  O(L)=(1-0L) ©>¢(L)=bdo(1+d;/d L) dogdgemo odmbobymgds Gbowo
2300396900, @03, AmEs0=—0,/d,, Inggsbogo begowo ADL(LLD) dmwgemo dgdogy0
hobo(g@ol 93305560 9b@ 9@ 0s:
(1-6L)Y, =8+¢,(1-0L).X, +¢,.
doDoboodg O(L) ©o G(L) 3m@obmdgdl Logdmm ¢9lgo goshbosm. goggmm oI
23obBmMEgdoll m@ogg dbo®g (1-0L) dsdMogeby:
Y, =t 0o X, +u,,

Lowog 1=38/1-0) wo u, =¢,/(1-6L). sby Ged,e, =(1—-0L)u, ©> u, =0u, | +g,.

Log@mm dod@ogerols s@bgdmdols godm, sgBmega®gboygero dgaemdgdol dgd-
(339 dmegal dosgymngbgdgb 9.f. COMFAC (common factors) dmpgengdol geoslil.
aobbogrgemo dnwgeol 3 janslbobowdo dog9mgbgdsl aobsdo®mmdgdls ¢, = -0¢, dgb-
g0l 5Ol omds.dmegemgdbols COMFAC jensbo gobsfomgdyemo ool og@mcgy-
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@gbogeo Jmpgagdols goblsgynmdgdbyamo  p9@de  dgdmbgggos.o30@md  @gadglbools
Y, =pu+¢pX, +u, dmpgado sg@mgm@gasizool dgdm{dgdol hggnagd®ogo 3OM39-
YOIl 3odmygbgos ©s padmgargbogo SgEHMMOIEO300L m@IIGos B3ERoRgdol
530 ga@9boyemo agoMsddbom, dgodamgds 0mgol, @M bmysse s@s3m@9]d -
@oo. J3g0gd960L LFmeo 066d0dwggtmds ageolbdmols dgdwga L

o O(L),=30+¢(L)X, +¢, dmpgemols aodmlo@gaosbmbdols ©owygbs  swgdge-
A9Omool Lbgoolbgs 3M0@g@0xdol 2odmygbgdom; dodmmgbs, GmI g,
3730030 Fo@dmowagbl aogbol mgm@ bdoygdl, o@ gbos 0dbsl gomym-
goeno  —  (oboomdegy  dgdmbgggsdo  dmEgdygmo  bmysmo  dmwgao
3odmloega@doe 9bos dogohbomn;

e Jo3dmmgbol dgdm{dgds 0dol dglobgd, @md O(L) wo (L) 3merobmdgdls
bogdoem gabggdosdgom;

e MMl mA03g 3d030mgbol sEsLEYH9doldgdmnbgggsdoybos dgge-
dofdmm dodmmgbs Hy:d; =0 (00 dgglodsdgds LEs@ogg®o @gadgbools
dogel). sebsbodbogos, @M 53 935b5L3bgemo Jodmmgbol Fodymays
YIgo@OR 55HM MO ot gdgmo Jprmdydol IJmby dmegardo Ldy-
0553 @ 5dH3o3gol s@bodbyeo LogBmm dodMogegdols s@Lgdmdsb.

dog®od od dgdmbgggedo dgdwgy 2oMgdmgdgdosgsbsmgagolobgdgano.

30039 doxbg dodmmgbs Hj:,, g, —ngm@o bloyg@os”, Jmfdpgds, 3gHdme,
H,:e, ~ AR(k), k < p sgoBg@bs@ogol ob, @o3 ogogge, H, g, =pg, +okp e, +V,
> @ g@bo@ogol [obsowdwgy, Lowsi v, ~iid ©s gdmo dsobg p; #0.

sen@g®bo@ogols glsdsdol dmpgenls dgdwgao Labg o3l

Y, =0+0Y,_ +¢,X, +d, X, +pi&,, ot p e, Y,
> BoJH@dG0gem  godmfdgdo Hy:ipl =--=p> =0 Jodmmgbol H:pi+-+p) #0
e Bg®bo@ogols Fobsowdgy. slgmo dgdm§dgds dgodangds aobbm@dzogamwgl bEsb-
OOMBHY@0  dOM0T-mEa®ol 3@o@geogdol aodmygbgdom. sdogg @OML, ®g3mdgh-
©0Mgdgmo 5@ oMol o3 Jobbow dmJLo-do@lols o @mbyo-dmJlol LEsEoLEo0-
3901y ©o9039dbgd e 0300@gM0gdgdol 2odmygbgds, @GmIgmgdo ,,bgeo* ®dMomo
37 3003900L sbogrobobmgolss ob3ygmgbogno.

3Omdamgds  hbpgds  goenol  LESbEs®E Yo 3G Moydol  godmygbgdobsls
H,: ¢, #-00,-0l Foboowdwgy H,:d, =-0¢, 303mmngboli dgdm§dgoolsl. boddg obss,
@md gl dodmmds FHRog0 o@ os@ob s sligm dgdmbgggsdo gognol 3@o@gdoymdols
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20dmygbgdol dgegagdo ©odmoegdgaos 0dobyg, mg @o gm@dom s@ol hofg@oano
dgboaegs. gobosowsb hggb dgdmbgggodo  dgbeyogol hHofg®ol Losdo  go@osb@o

ag5dgl: 0, =—00,, 0=—0,/dy @59, =—9,/0, Fomo gobboagolols dgodagds g@HMIo-
6gmol Fobsomdwgammogo dgwgagdo dogowmm.

3@5]Bogodo hggb Logdg agodglb dbmenme LEsEobEogy® dmbsi3gdgdmsb s
‘dggdangdgaos bybEoe gogmgm, bgdmm gobbomeygano  goMosbBgdowsb, Lobgen-
MG, OmIgeo Jmpgmo Poggl Logydgamso dmbsigdms Fo083mJdbol 3GmiEgLL
(data genereting process- DGP). dgpg0d@os dbmame dmbsigdms Lbgs Lod®sgagby
o>Mmg hoBodgdygmo asdmggaggol dgogagool ob @s0dg mgm@oygemo ©gdygegdols
253mygbgoom  dggodbomen GmIgaodg LEsGoLGogy®o dmwgemo (statistical model —
SM), @mdgeoi, hggbo sb@om, dgodengds yodmgoygbmo dmbsigdms  Fo®dmJdbols
30m3gLbol sm§g@olomgol. sligmo Jmwgeool dggo@bggols o dggoxoligbols dgdwoga,
‘dgodangds  dggedmfdmm  3mgx0309bGgool dgbobgd Lbgowslbgs dodmmgbgdo, ogo-
30m bmdol 0bFgagomgdo s 5dblbger (3ganoms sbogro bog®mgdol godmygbg-
d0m  25b3k3003mm  sloblbgano  (3g3esol 360dgbgamds. 53 3OMEgLdo  aowsd|-
93960 36093bgarmds oJgl 0dol, m9 Gmamao dglsdsdobmdbss dmbsigdms Fo@dmd-
boll Mgogry® 3mEgLls s dg@Ohgna LEHSEOLEGH03YO JmEgerls dm@ols.

09 LEsGobBogy®o SM dmpgeo @gogy@ DGP-Lomsb dgos®gdon  ga@m
bAgao  s@dmhbogds, d5dob SM—-ol dggolgdol dgogasw bogmgdsw  989]B 90
Fgguobgdgdo doowgds. sdogg ML, gy Jmbsgdms Fo@dmdbol 3GmEglbo 3yx®M
LAganos, godg dgohgyero SM dmwgeno, d5dob oo gdom  glosdmgbem dgwg-
290mob — dgioligdgdols poosyomgdolmsb 3ol Loddyg. gmggenogg sdol sdm,
hgger gd®og, G93039bo®gdygmos dogomm 3M0b0dl: “bmysowsb 39@dmbsygb”,
9:0. ©5bsFgoldo LHs@obGogy®o IJmpgmols GmeTdo gbps sgo®homm bsgds®olisw
bageoo dmpgeo s d9dwgy, dolo  mobdodwygg@mdomo  GglGodgdom, ©sgopgm

ABOO 93mbmdoy®, HgEgEoMgdge dnEmsdwoy.

§ 3. 3rmdomgdgdols jmmgdiEool dmogemo

>OLgomdl  aobsfoa gdyganensansbo  sg@BMm@gadgboygeo dmwgeol  gm@Iygwo-

@950l s g@bs@ogmo  [gbo, ®mdgmoi Jmbsbgdbgdganos  dmgenggo@osbo  ©o
30dga0go05bo ©065d0g7g®0 Fmbslfm®mdols sbognobolsmgols.

100



sbofgolido gobgobogmo (1) gobGmengds o 2o®©sg]dbom 3oModgE @My s.
390dmw,  Ygg3agoeme Y, dobo Y, =Y, +AY, 3bodgbgermdom, bowme X, —
X, =X, +AX, 36033bgenmdom. 256339900 aoMsJdbgdom dogomgdm:

AY, =5 —(1=0)Y,_ + §,AX, + (g +$) X, +5,.

F930900b gowoxaagadol dgdmge a39d6g0o:

AY, =g, AX, —(1-0)[Y,_, —a—pX, 1+¢,, (13)
bogs(s
o Po + ¢y
o=—, =—.
1-6 p 1-6

SLgmo Lobom gm@Igmodgdgao Jmpgeo 3EmMdomgdgdols gm@gjiool dmpgeols
(g8mgemgdomn ECM dmpgenol) dsysmomos. dmpganols s@lo s Lobge{mogds
gboo aobgds M9 gydomgdsl dogsd3gze domxggbs dbodgdo Imzgdyer g
do©a gbengol, @mdgems dobggom, dJmwgmol dmygsbogr go®osb®do ¥, -l dodwo-
bodg dmgmggoosbo 3gmomgds, AY, ,mGo as®gdmgdomn  gobolsobwg@mgds. gOmo

domaobo  9308300wgds X, @gmopols dodwobsdg  (3m e ggemosb)  (3gemoe gdsls,
AX,-b. 3gemoagdol dgmeg bofoenl asblobwg@agh jgo®s@ e g@hbogngddo dm-
ygobogno  asdmlobyagds.  o0po  dgodangds  ogblbom, ®mameG3  a®dgegoosbo
Fobolfm@mdoesh goob@s w@mol -1 3mdghdTo, 30bsowsh bgdmm 9339 owg-
b0dbgom, M3 aMdgergo@osbo [mbolfm@mds dgdogao ©sdmoogdbyegdoon  obo-
Lobwgmgodos:

_ +0 —

Y — 5 _¢0 ¢1X:O

-6 1-60

35sbosdy, (13)-do Jmigdgemo (1-0)[Y,_ —a — BX, ] ao3mbsbogl a®dgergsmosbo

Fobsb{m@mdosb goeb®ol Gomdogmgdols dglfmmgdsl. Gmas Y, ; Fmbslfm@m-
d0ls 360dgbganmdss, @Mmdgemoi dgglodsdgds X, -l o (13)-0l ggoe@s@ye g@hbo-
9gddo dmEgdgeo “Fmbslfm@mdol bsdmo* wowgdomos, 35dob Y, Ggeowo ods-
Bgo0m Potgmgom gmdgd@odgosl gyoboiwol, boam gos®ymgzgomo “Fmbslfm@mdols
bodmol  dgdmbgggedo  @odsBgoomo  3mAgdBodgds  sEgdomos.  3m@gd@odgdols
Lohdomyg gobolsbwgdgds 1-0 3mg50309b@0m, Gmdgmoi 30@gdcool 3s@sdg@®os.
53905 dpg®smdol dglobgd 1-0>0 306mdols gl gdsl 9b@bggargmel.
dodobosdy, rmdogrgdol 3mAgdiool dmwgeo Lbodgoggdsl odagrggs gOmo dmwg-

ol godaamgddo dmbg@bgdygmse go359Mm05bmo  dmgenggomosbo s g@dgangs-
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©05bo  ©0bsdogs, Sdsbmsb, dmwgmol  3m9x803096GHgoL  g3mbmdogn®o  0bdge3®g-
Ao yoshbosom.

ADL(p,s,]) dmpgemols bogowo Fgdmbgggobomgol omdogngdgdol 3m@gdcools
Joganbyg goobobigangems (13) aob@magdsdo w@mols bbgowslibgs dmdgbGol Y -
ols s X -0l 360Tgbgemdgdo ¢bps Jggigomm -1 dmdgbGol dsmo dgbsdsdolo
db0dgbgamdbgdom o dglsdsdolo gowsb®gdoo:

Y=Y ,+AY,, Y ,=Y_ ,-AY,

1>

Y, =Y —AY_ —AY_,, ...,

t t
Y =Y, —AY,_ —AY_,—--—AY,

t—p t t t t—p+l1>

X, =X, ,+AX,, X, _,=X,,-AX

t-1°

X =X —AX, —AX,_,, ...
X =X —AX, —AX_ ——AX

- t—s+1°

od  godmbobyamgdgdol aomgomolobgdol, osp@gmgg, Ibgogbo (9309dol  ©oxyy-
Qgoobs s 25M3399e0 3oMEs]dbgdol asdmygbgdom dgdwgao yobGmengds dJoomgds:

5 0,0
AY =p,AX + > 3. AY + AX -0 ()Y ——-—"—"=X_ |+¢,,
t (I)O t ; i t—i ;(Pz t—i p( ) t-1 ep(l) ep (1) t-1 t

Loa
G)p(l)zl—e)1 -0, _..._gp, O (N)=d,+¢, ++d_;
8= 00— 0,5 @, =0,

33°005@ g g@hbogrgddo dmgdygeo aodmbobygamgds ggersg [omdmoagbl “fm-
boLF @m0l b5dnl*, Gmdgeoi 3m@gBodgdsl 939mgdl Fobs 3g@omwdo a@dgaen-

3500560 {mbslfm®Omooesb goob@sl. sdol obsbgs sgogros 0d dgdmbgggedo,
Am@Es dmygoboen asdmbsbygamgdsdo gggas Lbgs poob®s bymols Fmaos. s@be-
60db6og0s Sa@gmgg, (™3 Jmwpgeols ECM  Loboo [omdmpagbolol &, o @, gmg-
B0G0gbHId0, SpMIngY, Ygams Lbgs 309B0oGogbHo, FAgogor oMol godmbsbymo
Lo{gobo ADL(p,q,]) dmpgeol 3095030960 9d00, mobsi gl godmbsobgs aoogge-
9090 oG sGob.

ADL > ECM 3mwpgegdols 9gasligds ©o @oopbmlogs sbambss ARMA
Jmgmgool Yggoligdols o ©ooabmlGogobmsb. gobsowsb ADL s ECM 3mwy-
@gddo 5@ 5OLYdMdL dgdmbgggomo dgdgmmgdols (&,-1) eoyydo LEOYJBYGS, dg-
2olgdol JoGoms dgomel 9dzodgl ggoe@s@ms dgmmeo [o@dmowygbl, @mdg-
o3 dogndmbognr  dgoligdgol odgnggs. 3bowos, dmwgaols dgasligdol Fob ¢bos

530 dbogm, G®Ad doldo dgdogogro yggems 3gemoeo LEsEombo®ygeos.
102



ECM 3mwgemols Jguslgdobsl m@o Jgbodmgdemmds s@lgdmol. 9o  d9d-
0nbgggsdo, ©sbofgoldo dgodangds dggoxgolomm ADL dmpgeno ©s, odob dgdwgy,
35(539B®Mgd0 o om0 LEASbodmGYmo  Ygarmdgdo  yowsgosbys@odmm ECM -
obomgol dobowgd gm@dsdo. Igmeg dgdmbgggsdo 30®s30@ dgodangds dggoxsbom
ECM 3mwgeo. gobsowsb ADL s ECM 3mpgmgdols 3mg50G0gbdgoo gOmds-
690msb ooy geo®gdgmo [@xogo aodsddbgdomss ws3sgdodgdyamo, dgodengds
05353 303Mm, GMI m®ogg gl gbs gOmdsbgmols 0gbBy®d dgogal odanggs. >do-
AmI s@hggobo dmpgmols ADL o6 ECM  {os(3m©agbgdl dmcol aobolsbmg@gos
330930L sdm@Eobom s 5@ dggsbgdol 3OMEgEYOJI0L mogolgdy®gdoom.

AO3OAG  yobofomgdygmaspoobo  s5hm@gy@gbogme  dnwgmo, sbggy (RM-
dogngdols jmegdiool Imwgmoi yueolbdmdl, @md X, -l 360dgbgarmds Im9d9-

Mdso, 5b9g gobRmagdol IgdRnmmgdbgdmsb s®s3mGgmomgdygao Lowowgs. dgod-

@gds 0mdgol, GmI (1) gobBmemgds sm{gdl Y, Ggeools domgdo@dogy®d @meobl,
amIgenoi gobolbobwg@gds dolo FobsolEmmoon s X  3gmoweol dodwobs®yg o
o @0 360dgbganmdgdom. X, Ggmso @md yobolsbrogmgdmogl Y, 33e0s0msb
JOMSE > JMAYES305Td0 0gml g, -Lomsb, 35906 ADL 6 ECM dmwgaols hgge-
ago@0g0 d30Mgl  3goE@s@ms dgmmpomn dgxasbgds s@sdsgdmbognr  dgnoligdgdls
Jop3ades. o8 gmbdgbo o Hodg@o powslyzade dwpmdsgmdl ¥ e X, ggers
g0l d0dodm MOASbb™oagdosbo 569 39JBMOY@oO  5g3BMMgaMglools dmwgerols
5390530, Moboi dmygosbgdom gobgoboansgm.

dopgedo dgdsgoemo 3gero@gdols @oggdol Mobgol goblobrg®s syioago-
@oE ©5353d0Mgdygeos Modwgbodg Jmgmols oggdslmsb s doo @0l boyggmg-
Lol s@hggolmsb. s3godo, dmpgarol s®bhggol Logmggammome dowgdga LEOSE -
205l FomImowagbli Joamds bmasmowsb 3g@Mdmlizgh, Gmdgmoi ggoe 3gb@obs
> dJobo moboog@m@mgools dog@ss dgdmmsgobgdygao. 53 Joamdol mobobdow, oy9-
ool gofygom yggemoby bmgowo dmpgosb, Geam® i sdblbgamo  (3gerswgdols,
obggg aobomgoaolifobgdgamo  @opagdol  mgobsb@obom. 9dzomgl  3goE@sEMS
dgmmpomn dggnoligdygmo sbigmo dmwgeo 9d39dgdsmgds bbgowsolbgs BglBodgdsl:
bo@hgbgdol o33 m3Mm@ges30sbyg, br@doy@mmdaby, 39BgOmbizgeoldyemdsby ©s
5.9, ®m@Es dnego ygges ©osabmlRogg® HgbRL googaol, dgdwgy dob 3mgao-
(30963 g0bg Lbgowslbgs dgbwywgol ©ogdols ‘dglsdmgdammdslbgoggerggm. sbigmo
dgboaogs dgodergds 0gmlb dm@gaosb Gom 3990 3gerools ob @ogols dodm-
@oibgs, ®53©gbodg 3m9n80(3096GH0L 9gOMISbgnmsb Ao@magds ©s o, d. hggymgo-
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@03, dgbodm§agdgemo dgbwywggdo Fo®Imoddbgds Gmam@ 3 dobss@lmd®ogo (mgm-
@ogen0) Jolbob@godgdom, sSbggg 3MgR0309bR o0l Igusligdgdol @oibgomo d60T-
369emdgdol gomgogolifobgdoom.

§ 4. 536mAg9aM39b00l ggJ@mAgmo dmpgangdo

hoggdommo VAR Bmpgemo

9JOM256bmIogrgdosbo  w@Omomo  I[3Mogg9d0bomgols  gobbogoygao  sgBmEga®g-
Lboygeo-d3g@ogo Lodygoemml Jmpgangdo segogse ‘dgodam gds aobgsbmasomm d@s-
goeasbbmdogngdosh  dgdmbgggeby, Gmeglsi  3gddmagmo  womomo 3F jHogom
FomdmJdbogro LEmbob@oggmo 3GmEgbol dmwgmo®gdsls gobwgbm. 4gg9emsby bm-
o0 dJoamds ageolbdmol, @mId asbgzobogmo s3@mAgaGgLool g39]@mG o dm-
gm0 (VAR 3mwpgeo). VAR 3mwpgmo sofgel Gges©gool bod@sgemol ©065d03sls
domo {obs olGm@ool Logydggenbg. m9 aobgobogrsgm, dsgsmomsw, m@ Y, ©o

Y,, Ggeowl, 357906 go3dmdm, dmd VAR dmwgmo m@o 3ob@Gmengdolsgsbdgoagos.
300390 Goaol VAR dmwgemo (69 Impgmo gOmols oo @spqom), Gmdaols
LHobo®m@geo swbodgbos VAR(l), 999wga0 Laboo dmoigds

Y,=06,+60,\Y, ,+0,Y,  +¢,, (D

V), =06,+0,Y, ,+0,,Y, +¢&,, ()

=
booi &, ©o &, mgm®o bdsyg®mols 36m3gLgons, @mImgdoi dmzgdygeo ¢ -bogol
godengds gOm3sbgmnmsb gm@gamomgdyao ogml, dog@sd Y, -bs ©s ¥, - {obs ol-
AMA00Loaob ©sdMY 0 dgEos. AM@Es, dsgomomsw, 0, #0 s 0, #0, 35T0b
gL 60dbogl, ™I @mym®iY, -0l Fobsolm@mos gggbdocgds 1, -0l sblibsdo, sliggyg

Y, -0l Fobsol@mmos g39bdodgos’, -0l sblibsdo.

VAR 3mwgeo dgpygds 90masbbmdogmgdosbo AR dmwgengdolsgsb, @Gmdgen-
05356 mommggeo VAR -0l 3m33mbgbdl §o®dmomagbl. o3 3083mbgb@gdol g@m-
OO0 gomngoeolfobgool g30@o@glbmds obss, mI dmwgamo dgodangds 9BO®
930bmdoyg@o  s@dmhbegl, dgoisgogl bsgamgd  @moggdl o, dgbodanms, RGO
YL@ 3OMabmbL  odgrgmegl, Goasbsi 0bgm®dszoygmo  Lod@sgmg yoRSOMM-
9ogos 2ob@magdsdo bbgs (33amomgdol obGm@ool hodmgom. bmdgerols 3@gdools

@og@0s530 bodbo LEA® YA YO e gOmEamygm asb@maagdsms Lol gdol bsigensw

VAR 3m@gengdols 953myggbgdol @sdwgbody mgombsb@olom ¢fgges 30m3sysbosl,
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@oa5bsi3 VAR dmwgengddo 9bmygbyd ©s gabmagby®d Ggeswgol dm@ols ao6-
bbgoggdol 25390905 53@0mOP@s© Loko@m o6 >@ol s o@ dmomnbmggds “mgom-
bgd99®0* dgbwyggdo, O®MImgdoiz JOMEAOMYE AsbGmagdsms LolEgdsdo owgb-

G08035300L 25@M5b6@05L 0danggs. gOMEAMY@  asbFm@gdoms @oygeboaro bobdy-
Jol Ayoglo VAR dmwgemo gmggemgol 0©gbBoxoGo®gdswos.
(D-2) LoliRgds dgdgao Loboo dgodergds hoglg@mm

GHOME e,
Y, o, 0, 0, \Y, &,
0y dgdmgowgdm dglsdsdols gg@m@dya-ds@d@oicyeo s@bodgbgdl g39J690
Y, =6+0Y_ +§&, (4)

bowog Y, =(Y,,,Y,,) wo & =(&,,6,) - dmggobogo dmwgano 306390 Goaol sg@m-
G9369b0nEo dnwgEols dhsgomasbbmdomadosh Fgdnbgggeby asbbmyswgdol ds
3o@00m0s. bogswsw, VAR(p) dmpgmo k s6bmdomgdosbo ¥, g9Jdm@obsmngols
‘dgdwga0o Loboo dmogds

Y,=6+0,Y_ ++0Y_ +&, (5)
Lowoz ymggero @)j oMol kxk 3s@@oco, Yl—k 2obbmdogngdosbo ggd@mm-Ligg@oo,

boagm & ogoeo blsyg@ol (g309d0L £ gobbmdoangdosbo g9]@m®-Lggdos, GmI-
ol gmgodmosiEoygao  do@®ozos X . oliggg Omamei3  goOmasbbmdoggdosb  dgd-
0nbgggsdo, oo dgodargds gobodggdamo dg@ol m3g@s@dm@omn, @osms gobglsb-
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296l byamgobo @ogol 0bdgadomgdoel, 1(0) -l. Jog@sd oy b# L, 9dzodgl
335005 ms dgmmpol e, bodhgbgdo sOSLFSEMbs@ Yo 0dbgds s, dodolbowasdy,
bgdoldogdo Lal®ygano dg@dhggzolomgols 0dobg dowoeno oldg@lLool dJmbyg o@dmhb-
©905, 30®g b= f-Lomgol 0dbgdmws. MsEasbsi 9dE0@gl jgods@ms dsmmwo a
o b -l olgmbso®se oMbggl, GmId Jnbegl e, -l dgehgzomo ©olidg@lools dobodo-

bomgds, ol 3oblogym@gdom 3o@ao dgmmwos B -lmsb sbenml dpgmdo dgxsligdols

3odmlogan gbo.
300633305300l BglGomgds

bgdmo dmygsbogro by gemdosh bowos, Gmd 360dgbgemgsbos ¥, -ls wo
X, - @0l gmobdga®omgdomo  dglbodsdolbmbdol os@lgdmds gobgolbgomm (3G9
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M9309b00bogsb. @ogydgom, hggbmgols 3bmdognos, G™Md Y, s X, 3odggeo Goaols
0639300095005 s gogabgdm  “3m0b@ga®omgdoe @ga®@glosl
Y =a+pX, +e,. (1)
amEs Y oo X, 3m0b@ga®omgdswos, 3590b (1) @ga@gbosdo  bsdhgbmdomo {ggdo
e, 30939mgbgds> 1(0) -L. >Go3m0bRgaMoMmgdsmdols dgdmbgggado e, o0dbgds I(1) .
do'dolbo@sadyg, 3m0b@ga®omgoseo dgbodsdobmools s@lgdmds dgodengds dggedm§dmm
9d3009L  33o0O5@mS dgmmeon dJomgdye e, bo®hgbmbom §gz@olomgol gOHmgy-
mgobo gqlgol s®Lgdmbols FglBom. gOHmo dgbgogom o3 dobbolomgol aodmbe-
©gao© dgodamgds dogohbomm ©ojz0-ggag@ol BHglRgdo, GmIegdoi oMY obgo-
bogrgm. dogogoms, dgodangds sgogmm @gy@gbos
Ae, =y, +ye._ +u, 4)
©> d935dm(dmm  go@ol oy s@s byl ¥, (9Ongyemgsbo ggbgol s@Lgdmds).
dog®sd  gOmgyermgobo  ggbgol 5@Lgdbmbol  FBgb@Gomgdol  9dzodgl  3goE@SEMS
dgomeom dgxobgdga e, bodhgbgddo, s oMo Ydgomme &, Lopowpggddo, ©sds-
Ggoomo ooy ggdo osbaogl. Mopasbsi 9dEo®mgl 3gse@s@ms dgmmeo (1) ®9y-
@gbosdo 0dhgglh bo®hgbgdl Goi dgodangds dizodg dg@bgzomo obdg®loom, odo-
G™d, 35Tobo>i 30, MBS (33EoPgd0 5@>3M0bEJYM0Mgdo©os, I30Mgl 3goMsGMS
dgomeds  dgodangds  dopg0943obml  bo@hgbgools  3F 3@ogmsb, ®mdgaoi  0dwgbow
LEOE0MboMYg@o  “aodmoyy®gds’, Msdogbosi gl dgbodangdgemos. doTobosdy,
bEobposd@yero DF s ADF @aglpgool a0dmygbgdsd dgodangds s@sLEsE0mbodiy-
@emdols byganmgobo dodmmgbs dogrosh bdodse odymb. gl Gmd >@ dJmbogls dg-
Lbododol 3@o@ogyee db0dgbgamdgdl, Gmdmgdoi dmygsboaos bGoen 2-TFo, 9u@™
00 YoMymxzomo dbodgbgermdgdo (sdbmg B g®@o Lbowowom) dggbodsdgods, gop@g
©0040-89 g0l LEAsbs@Rgm 3MoRoggee db0dgbgermdgdl. Gm@Es e, swofgmgds
dowoemo  @ogol  53Bm@ga®gbools 3@m@Eglbom, (4) @ga®gbosdo gbws  hogBHommm
@ M0 (3geogdo Ae, -lmgol, Mslsi d0ggsgo®o ©030-89 9ol g58oM0n M doe
ADF  @gb@mob  dgbodsdolo  sbod3d@m@ygdo  g@odogygeo  360dgbgermdgdom. gl
GabBo dgodargds 2obgobmgsme dgdmbgggabyg, GmEs 3mobRga®sEos gobobogmgds
Lodbs o 393 @goelb dm@ol. GmEs jmobdga®omgdse @ga®gbosdo {omdme-

a39bognos Lsdo s dg@o 3gerswo, 3MmoRoggeeo dbodgbgamdgdo @oibgom wgmdby
dod3bbog gowosaomgds, o3 sSlobymos EbMogr 2-0l wods@Ggdom  LE®oJm-
bgddo.
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gbdogo 2. bodhgbgddo gOmgymmgsbo @qlgol s@OLgdbmdols Ggli@gddo
Sbod3@m@GY®o 3@oRoggeo db0dgbgamdgdo 3mob@ga®@sioobogols (Iygwdogom)

(3gogools Mobgo | 360dgbgermgbgdol wmbg

(3> dm@ols Y)) 1% 5% 10%
2 -3,90 -3,34 -3,04
3 -4,29 -3,74 -3,45
4 -4,64 -4,10 -3,81
5 -4,96 -4.42 -4,13

3M0bRga®@siools dgdm{dgools seoEg@bs@ogao Bgb@Go ©ogyndbgdygmos o®-
306-9m@ELgbols hggyagddog LEsEobEogsby. dggbodbmm, @md @ga®gbosdo dm3g-
dgeo g, (300390 gOmggamgobo glgol s@Lgomds sLod3GmEyase dggbodsdgds
DW  Ldsdob@ogol byeomgeb 8360dgbganmdsl. 3sdobowsdy, gohmgyemgsbo ggligols
>@gdmdol byermgsbo dodmmgboli FglBo dpamdodmgmdls 0dol dgdm{dgdsdo, swg-
353 90> 09 sG> DWW -Ligogolb@ogs byel. Lsdfygbs@mo, o3 GglBologol, Gmdgen-
boi,  hggnegd®og,  jmobGga@omgdspo  @gadglool  ©s@d0b-gm@lLgbols  Ggldo
(3990 gexgdon CRDW  (gbho) gfeorgds g@odoggmoe 360d3bgarmdgdo ©sdmgowy-
daa0s  Imbozgdgool Fo@mdmddmd 30mi3glby. GmEs dmbsigdgdo FomdmJdbognos
‘dg3mnbggz0mo  bg@osgols 3GmEgbom, 5%-05bo gBoGozgeo 3bodgbgenmdgdo Lbge-
olbgs dmEygmmools dg@hggolomgol dmygsbognos b@oan 3-do. ‘dggbodbemm, @™,
amEs Y, 0o X, 553006093000 905005, glolegmme bOpswo T -Lomgol DW -
LEOBOLE0ZS sgrdosmmdom byaolsggh doolb{@sgol.

3bdogo 3.CRDW @&gb@ol 5%-0560 3@odoggero 360d3bg@mdgdo

(33ogools Mobgo | ©o330M3900L Gozbgo

(3> dm@ols Y)) 50 100 200
2 0,72 0,38 0,20
3 0,89 0,48 0,25
4 1,05 0,58 0,30
5 1,19 0,68 0,35

3M06@9a05300L o aobbognygao BglEgdo ghmgymmgsbo gglgol sOLgomdsls
@93m9bool bo®hgbgddo 5dm[dgol. gl axeolbdmdl, G®M3 gOmgyemgsbo gqligols

‘g3 dgdols  byenmgsb  F03mmgbsl  dggbodsdgds  3m0bBga@o;00l oG s@ml dmds.
obg, ®md, oy o@  dgggoderos  9I3z0Mgl  ggoE@sEmS  dgmmeol  ba@hgbgddo
9O e mgsbo gglgol s@Lgdmdol godymes, 35dob o@ dgygodeos godgymm Y, -
Lo o X, -b Joeols o®o3m0b6@ga®0@gdommds. ©s  3oMojom, oy dggdangdm
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9O ggmgobo ggbgol sO®Lgdmdol FPo®ymysl, sdom dggdergdbomn Im3gdyeo M@0
(33050l 5@53M06F 9aM0Mgdombdols go@mymegsls.

amEs Y s X, 3mobdga®odgdswos, 35906 (1) @gadglboobswdo 9d3omgl
335005@ms  Igmmeol  godmygbgdsl  dogysgodm  3mob@ga®o®gdowo  ggd@maol
by3g@dogndmbogan  dge3oligdsdwyg, 3oTobsi 3o, MmEs ©sdg9dgmos  sMs3mMgd -
mds Aob@megdsdo dmyganggoeosbo @obsdogol hog@mggermdom. s5dol dobgboo
ob, M3 5@SLESE0MbsOYMds SLod3GHMGHYOs mdobodgdl (1) @ga®gbools LEs-

30mbs@ o bofomol s@ogm@gdaeo 13g30g0go3E00L  yggems gom@dsbmsb dg-
©5Mgbom. dodobosdg, Mga®@gbools LEsEombodyga bofoendo obgmo 3GMbengdgdo,

OMYOM0(350 >MLOY@0  dM e 93500560 ©065d0gs, &, -do 53R MIMOJES(305, 2OY-

ngomolifobgdgao (LHsE0Mmbs®ymo) gerswgdo, X, - gbpmagby®mds, dgodangds
99 gdgegyerm (b gl 3OMoggdgdo 9ROM  sds@o  Gogobos) bydg@dogrdm-
Logro b dggobgools sbod3@m@ o asbsfomgdols asbboangolsl. obg G®md olods-
AMGYOS 5@ 5@Lgdmol 0dol sy gdbanmds, AMI 3MobEga®omgdsm @ga®glosdo
hog@ommm, dopqsmomsw, bygbmby®o go@oymo 3geogdo. dgbsdamgdgenos sa®gmag
Y -bs @o X,-l dmengdols dgbsigergds @ gob@memgdols

X, =a +BY +u, (%)

V9golgds Goms dogowmmn o =—a/f-bs s B =1/B -0l by3gddsmdmlbogno Bg-
3oligdgdo. dmogo®os gomEgm, Gmd gl s@slfm@o odbgdmws 03 dgdmbgggsdo,
am@Es Y oo X, 373003900 LEsEombosdgmos s aoblbgoggos gbomagbyd s go-
bmygby@® 3geo©gdl dm@ol s@OLgdomos. d9360dbmm, MM 3MobEga®odgdsm ®gy-
@9L05T0 ©gB9H065300L R 30980309630 domosh sbanml 96ms 0gml g@mmsh.

dogbgoogo 0dols, ®md Mm@ 3Egmoelb doGol  a®dgangsosbo  (Fmbslb§m-
@9@o0)  ©obsdogy@o  dglododolmds  LsobGg®mgbms, sbsgmobobsmgol  s@obsgangd
db0dgbgamgobos  dmigdygemo m@o  IF3Mogolb  Jmganggemosbo  ©obsdogy®o  mgo-
Lgdgoo. dosmo godmyganggs dgodengds 2obgobm@Eogammm 0d dgogaol godmygbgdom,
amd  3mobdga®omgdso  dglsdsdolbmdols s@OLgomds  au@olbdmdl  mdogngdols
30M9J300l  Imegaol s@lgdmdsl, @mdgmoi o@Fgal dmgeggeosh ©obsdogsls
2Mdgengo05b 00653039 ©oIM o dyegdslmsab dgbsdsdolmdsdo.
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§ 3. 30063 9aM5300L 39d560b30 ©s (3MIoagdols gmdgdos

©og9dgom, @md Y, s@ol doMggeo @ogol 0bdga®odmgdswo 37 gM0g0s, X, go
LRo@ombsdgemo 3§ 3@o0gos: Y, ~I(1) , X, ~1(0) . 53 300mdgddo ¥, -l @ga@gbools
X, -b 3030000 opgdsl sbG0 5MS o3l, @spashbo a -l ws b -l bgdoldog@o
360936gemdolmgols Y, —a—-bX, ~I(1).

godgom, sbens ¥ ~1(0), X, ~I(1). bgdobdog@o a -Ls ©s s@sbyemgsbo b -
bomgol ggersg dogowgdm, @3 Y —a-bX,~1(1) ©s dbowee b=0 -Logol
Y —a-bX,~1(0) . slg @md 53 gdnbgggsdos Y - Ggydglools X, -l dodosdrm
5390ol, sb@o oMo oJ3b.

RoOmE@el, ©sgydgem, Gomd ¥ ~I(1), X, ~I(1). bzgh 9330 gogom, Gmd oy
bgdolidogdo b -Logol Y, —bX, ~I(1), 35306 Y, -l @gacdgbos X, -l 0dodm go@o-
A0S s 3MMoegdols Mmogosb sbsomgdmse gloggslgdbgen asob@magdsdo, do-
2A3@0mo, 9bes hog@mmm Y -ls o X, -l mogy®o (33@0o0g00. dog3@od oy s@lg-
3ol olgmo s@mebyamgsbo b, @mImolmgobsi Y, —bX, ~1(0) , 35T0b gl m®o
IV 30030 3m0bHgaMmodgooos s, dsdobowsdg, sbmo ofgl ¥, -l @gymgbool X, -U
JodoGm gobboggals s Yggoligdol. bmgswew, Y, ~I(1), X, ~I(1) 3§ 360390L gfm-
©gdsm  3mob@ga®odgdowo  (gofOm  SbOom, ©gBgHdobo@gdgmor  3Mobdgy@o-
090500), M730 >OLGdMOL s@SbyEMmgsbo B=0B5)" 39d6m@0, GeImobogolss
Fog0g0 gmddobogos BX, + B,Y, LEsgombsdygmo 3730050 BX, + B,Y, ~1(0).

V360600, G0d, Gogs f=(B,B)" 0obhgaGotgdol gaddmeos ¥, s X,
IV gM0g9d0Lomgols, 35dob sdogg 37 gMoggdolomgol 3mob@ga®omgdols ggddm®o obg-
5o op0gmgg 6gd0bdog@o B =(cB,cB,)’ s Lowoi ¢ bamologeb asblibgsggdamo
®50dg Iygedogos. 0dobosmgol @M asdmgymm g9d@m@ms o3 Lod®sgagdo @mdgerody
dompobo, dgdmagodgl bem@do®gdols 30@mds, dspomoms, gobogrsgmn  Ibmeneme

(1,-b) o6 (=a,1)" @o3ob 39JHm@ 3L

Moasbsi  gobognsgm Y, ~I(1) , X, ~I(1) 99dmbgggol, 2856350 gdol  msbo-
bdo, 30@ggmo Gogols Lbgomdgdols AY, , AX, 3730053930 LEsgombodgmo of6gds.
Sbgo  bodusEosdo  LEsgombstamo  39dGm@gmo 7 gGog0 (AY,,AX,)" Bg0damgds
FomImgoeanbmm 39domeOgmo 3gg@sgo bsdgomml (FVMA-b) Lsbom

148



(AY,,AX))" = [i+B(L)E,,

1)0590(3 ﬁ:(ula tuz)T’ Hy :E(AYz)’ H, :E(AXz)’ ‘E':z :(811’821)T_ 88(16“)&)(8@0 "J-
0G0 bdoy®os, 56y oamamolbdgds, Gmd €, €, s o.9. J0dygAmdgdo gOMsdsbgm-
05b  5G5 3G g0 go Yo, gOmbso®ow aobsfoggdyao dgdmbgggomo ggJ@mmgdos,
Godgemongolog EE)=(0,00 . D(e,)=07 . D(ey)=02 . covs,,e,)=0y,

1 0 © b(k) b(k)
B L — + 11 12 k.
=y gl

3o Bobowady, 0gamolbdgds, GmI 3966G0Ggdamo [(AY,,AX,)" — @] 39d@m6-

dgdogo Loowggdos;

oo dF3@og0L gmenol godans 5@ dgozoglh (Oxgog ©gdg®dobodgdaga 30md3mbgb-
Aagob.
>@Lgdemdl dogrosh LoobHgdglem dgegao, GmIgaroi 3@gobggdol Fo@mdmmag-

boll mgm®@gdol Lobganl o5@>®gdl. o3 mgm@gdols msbobdow, GMEs d0Mggeo @oyols
06 ga®omgoswo Y, ~I(1) wo X, ~1(1) 373003900 gm0bBga@odgdowos (30§Gm
>bGom) dsdob:

L (AY,,AX,)" =ji+B(L)E, ps3mlobygangdsdo F99sgom B(1) ds@d@ogol Gobyo
gowagbl 1-ls;

IL Y, ~I(1) oo X, ~I(1) 373003900l Lol@Bgds Lodgomgdsls odgnggs aobgobo-

o dgdegyo Lobol ggd@maygmo ARMA §o@dmwpagbs
O(L)Y,, X,)" =8+ A(L)E,.

oo O(L) ws A(L) dgdol m3g@s@megdol dsg@oggmo 3mmobmdgdos, A(L)
dg@ol m3g@s@m®mols bgomo@yao 3merobmdos, @mdaols 360dgbganmds LabGygaos.
sdobmob  O(0) =1, -ghmgnarmgsbo do@d@oiss, rank®@(1) =1, go. (2x2) gob6bm-
Jogngdoobo O(1) Foi@ozol @obyo 2-bg bogargdos ©s Ygowagbls 1-U.

Ao dgmomsw o dmygobogr Fo@mdmeagbol dgdmgao Lobyg ogl:

P q
Y, =6, + Z 0,Y_;, +8,X,_;)+ Z A&y i»
J=1 i=0

q
(Qz-fY’"-f + 192.th—|./') + z A&y is

1 i=0

X, =90, +

t

™

J
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Lbosi p @ g-b bgos Lobwg@mgdo dgodangds gloleyganem ogmb. sdsbomsb, @m@3o

Fgbodemgdgmos  ggdHoGgmo  s3HmGgaGgbogeo  Fo@ddmpygbe, 35806 A(L) =1,
P <0 @

1t 2

p
Y, =8+ 2 (0,Y, ; +9,X, ) +e
i

X

t

)4
S, + 2. (0,7, + 9, X, ) +¢,.
=

L. Y, ~I(1) o X, ~I(1) 373603900L LobEgds @Eomdoggdol gm@gdaool

dmpgeol (ECM ) Lsboo §o@8mwagbols Lodygsmgdsl odanggs

AY, = +rz, + z(¢leYt—j + @ AX, ) + zwl'g“—i
j=1 i=0

AX, = Wy + 7,2, + Z(¢2]‘AYI-] + Q)ZjAXt—j) + zl//igzt—i’
j=1 i=0
ooz z, =Y, —BX, —EY, - BX,) byemgsbo Lsdgomml dJmby LRsEombsdgemo
7 3@0g0s, z, ~1(0); yi+yi>0.
dmas (ID)-9o Iglodangdgmos ggddmOge-s3dmmga@gbogemo, VAR(p), Jomdm-

©a96s, 35706  (3P®30Egdols gm@giaool dmpgmo -ECM  d9dwgy Lobgl doomgdls:

p—1
AY, = u +pz,, + Z(¢leYt—j + qDleXt—j) + &y

j=1

p—1
AX, = u, + 7,2z, | + Z (9, AY, , + @, ,AX, ) + &,
=1

‘d9360dbmm, M3 Fomdmwygboll mgm@sds bybGo ogodgdbyamo LE®YJH YO0l
1393093035300 o obgbl. ogeb  aodmdwobsmy, 3 Jodo@myegdom, Logo@e-

9omE, 9bps 2obgobm®zogmmm  L3gEoRogoE00l oM igggeo  sbs@obo. oMo
sdobo, >g3ogdgeos 500bodbmls dgdwgyo:

J Omas Y, ~I(1) po X, ~I(1) 373003900 4m0b@gamomgdswos, 35d0b 3o®Io-

@gdol gmdgdaool Bmpgmol, ECM -ol, yggems 9dseygbgeo (330000
b o30Mbs@ g 0s;

. dmgs (Y, X)) 39dpm0gmo %0050 1(1)  Lobobss s §o®modbgde

ECM 3mwpgmon, 35306 Y, ©s X, 3m0b6@ 98600905000
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J oo Y, ~I(1) oo X, ~1(1) 373003900 3m0b@gaM0dgdoos, d5dob  Lbge-
0395056 VAR -5 o dgodangds ao0hbegl LoliGgemo @oao (a56Lbgsggdom
09 dgdmbgggols, mEe X, ©s Y 553006393000 9d5000).

z, -0l sdbmeyR oo Lbowowy (z, =Y, —a—pX,, bowog a=EY, - pX,)) dgod-
@agbds obgobogrmon Gmam® 3 dobdogno, AmIgomsi Amol ¢ dmdgbBdo LolbEgds
530 gdg@os  Fmbolfm@mdbolgeb. o3 ¢35bobgbganls  dgglodsdgds  gobGmengds
Y —a—-pX,=0. X,-bs 0> ¥,-b ggmoggdols Lopowpyg ©s 30dsGmymgds omgsgol-

Fobgdl Fobs (mbsl{m®dmmdowsb z, | goob@ol Lowowpgbs s dodos@mgegdsl. bo-

-1
o Egdgemem 5@ oMol @md z, I{30030 gOmo 3gHomosb dgm@gdo yopsbg-
@olol sdbm@y@gao Lowowom [o@mdmowagbegli gergdoel. dopa®sd ogo LEs0-
Mbs@@os s 30F™Mmd Jd®omdl dobo Lsdygoml oG gaog.

3563o@@gds. X, (gmopo o [o®dmowygbl Y, gemswolbogol dobgbl adg-
0bx g@ol dobgegom, myz0 3OMAbmbobsmgol Lokodmm m@ogg 3gerspols {obs dbod-
369emmdgdol d9dg9er 06gm@dszogee Loddsgegdo X, @geowol {obs 360d36g-
@mdgool gogmgomolfobgdemds o godmofgggl Y, -l 360dgbgenmdols 3Gmybmbols
ba®olbbols ao700gligdols. sbosgrmpoyse, Y 3gmomo o0 [omdmowagbls X, (geo-
olbmgol 30bgbl g@90bg9@ols dobgogom, mygjzo 3OmMabmbolomgols Lododm m@ogy
ggeowols  Jobs  860dgbganmdgdol  d9dggee  0bgm@dsgogee  Lodd@sgergdo Y,
ageowols (obs 36093bgamdgdols goygmgomolfobgdemmds o@  gsdmo(ggal X, -U
d609gbgenmdbols 3Mabmbol bodolbols aogodglgosl (dgaeoblghgdm, @md 3@Mmabm-
bol bo@olbo 0bmdgds 3GMbmbol Lbodygomm jgo@s@ o dgEemdon).

o Y, ~I(1) oo X, ~I(1) 3F3603950 30063 ga0009d500s, 35Tob s@aomo %b-
s 3Jmbegl 3Mgobxg@ol Jobgbmdb@omdsl ghmo dbcog doobz. gl goJpo godmd-
©0boMgmdls 37 3003960 o3 LoliGgdol Eremdoggdol 3m@giEool dmpgmol gm®@don
Fo@dmpggbosb, GMdgmdog 71 +75 > 0. 58 Fo@ImpygbsBo X, -0l 3609g69amds
239bdomgds ¥ -l 30mabmbol go39mgdsdo z, -0l Lodgogmgdom (g0. X, @Egesw©o
s@ol Y, geoologol dobgbo adgobyxg@ol dobgogom) 0d dgdmbgggsdo, @m@3s
7 720, 58539 @AM, dmzs 7, #0, 35Tob Y, -0l 360dgbgermds aggbdodmgds X, -U
300abmbols gog9mgdsdo z,, -0l Lsdygsmgdom (Y, 3gmopo s@ol X, Ggesol-
0gol dobgbo a@gobxgdol Jobgwgom).
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godgom, ¥, ~I1(1) wo X, ~1(1)3F 3603900 300bGga®omgosos s W, Lsio-
mbodyyao 37 g00g00: W, ~1(0) . 35306 bgdoldog@o k -Lmgol Jmob@ga®o®gdswos
Y o X, ,+W ,y#0 3(g003960. oy Y, ~I(1) , 35906 3mobdgay®odmgdowos ¥

t
s Y, 373003900 (do@memsi, GopaobosgY, =Y, =AY, +AY,  +---+AY,_, a58mbo-
bygangdsdo mommgygao dgbogmgdo bEsEombsdgao I 3@0g0s, domo xodos, obggg.

bEoE0MbsGYE0s).

§ 4. 3mdomgdols 3mMg300L Impgaols sagd0lL gbym-aMg0bggdols 3G™ME PGS

bgdmm hggb gbobgm, ®mI Y, ~I(1) o X, ~I(1) 373603980 3006 ga®0M gds-
omdol dgdmbgggsdo, 2@gbggaol [o@dmagbol mgm®gdol mobobdsw, dgodangds
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AoLB0ZS gowosEaomgds bgdmm, oo wopgdomo Ibodgbganmdboliggh. Sdo@ma
A (7)) BEo@dobEogol ©owo wsegdomo 36085369@mdolmgol, GmIgmoi >0gdsdg-
3o Ygbodadol g@o@ogym ©embgl, H, : 7 =1 9bps 9o®54mm  se@g@bs@ormo
Jo3m@gbol H, : 7 =1 +1 bolbstggdmm.

3gomol BabEols (frace test) podmygbgdolisly byyammasbo H, : 7 = 1" Jo3m@gbols

sen @ gMbo@dogol Fo®@Imowygbls  H| P> L 89 ‘dgdmbgggedo bygamgobo d03mmgbols
‘dglodm{dgogmoe g@Omdobgonl gosmgdm dgdogy dbodgbgeomdgdls:

Lmax<r*>=—§zln<l—ii>,
i=1
T & A
LmaX (k) = _Ezln(l_ki)'
=1

5 3oggom sliox g@gdemdol Qomemdbols dgdogy LESEOLEZSL
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Myaee () = 2L (6) — Ly () =T Y In(1=4,).

i=r*+1

byyenmgobo 303mmgbols Jo@mgdygamdol dgdmbgggsdo o3 LEsGoLGo ol slods-
BOGIO0 goboFomgds ©sdmgowgdymos 7 -y ©s k-bg. dobmgol Tgdydoggdaeos
YgLododolo  3bGogmgdo. Gm@Es bymmgabo 3odmmgbs H, : 7 =1 doGmgdamos,
do>dob 4. ..., 4 360dgbgarmdgoo sSharml 5@0ob bymmob. my omEg@bsdoygeo
3030mgbos doOmgdyeno, 35dob gl 3b0dgbganmdbdgdo byaologsb goblibgogwgds ©o
Mace () BEo@obEogs  aswosmpomogds bgdom, ©opo ©epgdomo 3603569 m-
30396, ooR®d A, . (r) LEsdolbpogol ©owo spgdomo  3603569emdolimgols,
G0dgmo 50gds@gds Ygbodsdol 3GoGogam ©mbgl, H, : 7 =1 9bps 9o®gymm
SaBg@bo@onmol J03m@gbols H,:7>r" LsbsGagdmmgo.

dog®od 3OMbengds obos, Mmd [obolifo® 3bmdogmo 5@ s@ols P ol dbodg-
bgenmds. 3ol godm, Fomdmodbgds san@g@bs@oygan Jodmmgboms [ygoagdols Lod-
@ogamg, @mdgems dgdm{dgdolsls dgodergds dogo@mm  s@omoglgdowo  dgogagdo.
003sblgdbs  Igdmagmogobs  Jodmmgboms  dgdm{dgbols  mobdodpgg@mds, Gmdgrols

obdo@goomsz d00mgods  3MmobGga®oiool d9ddo@o@o @sbgol dogdmbogo dgoge-
Lgds. gl 0obdodwggdmds dgdogao Lobobss. Fobslfs®@ godbhggom 360dgbganmgbgdols

©mbgl, dsgomomsw, 0,05- s gofyggeem Hy:r=0 3Jodmongbol dgdm{dgosl
H,:r>0 se@gdbs@ogol  300mdgddo. o9 9oMggmgm  byemmgsb  3odmmngbsl,
gngmom, Gmd F=0. Lofoboswdpgam gdmbggeTo 35dm(dgdm obogm Hj:r=1
dodmmgbsl  H,:r>1 osem@gdbsgogom. byamgsbo  Jodmmgbol  @osbi@y®gdols
F99mbgggeTo gmgemom, Gmd F=1, bomm go6ymgol g8mbgggsTo ggmog gowog-
©0g50m Jodmmgboms sbogn Hj:r=2, H, :r>2 (ygoembg ©s ».9.
3M0bRga®@o3zools @obaol  dgaslgdolol gofywgdom jowgg gom  LoGmgagl.
Loddg obss, ®md oboxgdgdbermdols godomdol gMo@g@oydol LEs@obEogol g®o-
Bogamo 3603369 mdgdo ©sdmoEgdamos sG> JoOFm 7 Lo s k -bg, s@odgw
opM9mgg9 035Dy, I 300390L goshbos my oM ©g@BgMdobodgdymmo GMgbwgdo, dgo-
(3396 09 >®> olobo 3M0bEga®o300l Wsdmogdygmgdsdo (2ob@mangdsdo) dgodo-

3900 ©o/ob B@gbel. sdobmsb s3gsdodgdom Jmobdga®sEool @sbyols gmggeno r
db0dgbgamdboliogols dgodangds gobgobogrmm 5 Lo@ysios:
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o H,(r): 9mbs3gdgddo (p@mom 37 300890d0) o6 Ygool ©yBg®dobocg-
dgmo  BHObo, 3Mm0bRgydmocool  gsbdmagdsdo ((CE -do) o6 s60lb
ho@mgero 5@ dgpdogo > O3 G®gbo;

o H/(r): dmbs(39990do (@mom 37 360396T0) o6 dgeols B g@dobodg-
dgao  BM9beo;  3Mm0bGga®oiool  gobGmengdsdo ho@mygeros  dygdogo
F93M0, dog@sd 5@ 5@0l ho@mngero G®gbwo;

o H,(r): 9mbsigdgddo (w@mom 3 36M0396d0) dgool ©gdg®mdobo®gdyao
VOx030 B®9beo; 3mobRga®dsiools aob@mamgdsdo ho®mygeos Iygwdogo
F93M0, dog@sd 5@ 5@0l ho@mygero G®gbwo;

o H (r): 3m653999890 (p@mom 3§ 300396P0) B0l FORog0 ©g69md0-
bo®gdygao  AOgbwo;  3Mob@ga®siool  aobGmergdsdo  ho@mygamos
GoeaE  Igedogo Fag@o, sbggy FOgogo HOgbeo;

o H(r): 3mbo3gdyddo (wdmom 3F3Goggddo) gpol ggop@dad o ©gHgo-
dobo@gdbygemo  AMgbwo;  3MobGga®oiool  gobGmergdsdo  ho@mgaos

Omam®3  dgodogo {g3@0, sbggg FOx0g0 GEgboo.
30063 9a05300L  BoJlodgdygao r  @sbgobmgol  hsdmmgenogro Lo sE0gdo
Fo®3dmJdboob g@mmdsbgmdo hopgdyen 3odmmgbgdl:

H,(rYc H,(r\c H,(r)c H (r)c H(r).
ggges 53 dgdmbggzsdo  303mmgbgdol  Igbedm{dgdmom  @obxg®gdemdols
QoMEMool  3Mo@gMoydo godmoygbgds, @mAmol sLod3GME YO0 aobsfoagds bo-
33o00O5F 0. Go3  dggbgds o3 dLod3FmE @0 aobsfomgdol  mogobygagdols
bodolbgdl, ogo Geanoo:
r-ob — fygoegdobmgol H,(r)c H, (r) oo H(r)c H (r),
(k—r)-ols — Fygoemgdobmgols H, (r)c H,(r) o> H (r)c H(r).
o>bobodbogos, ®md  bgdme  dmygsbogno  gmggao  Lo@ygsgoobmgol  33aog
(omdmoddbgds g@mdsbgmdo hoswgdyemo 3odmmgbgdo:
HO)c---cH(r)c---c H(k);
HO)c--cH (r)c--cH (k);
HO)c---cH(r)c---cHk);
H (0)c---c H (r)c--c H, (k);
H,0O)c---cH,(r)c---c H,(k).
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Max 05 Ay LEoGobE0ggo0l  3@odoggeo  360d36ge0mdgdo,  Gmdggdo
30dmM0ygbgds  3m0b@ga®oiool @obgoli oy gbolisl, o3 bymogg xodkgobmgol gob-
bbgoggdagaos. gl 3m0b@ga®siool @sbyol dgioligdols sdmEebols s@mygmgdl, Gow-
aoboz [obolifod g30Fg3L  xodkgol s@bggs, GMA@ol Go®ymgdbdoi gbos aobbm®-
GogeEgl Yggolgds. 8 JodoGmgemgdomn gggms swbodbymo 5 (k+1) godoob@ol-
0ngol oM 3399 obdo®mgdol 2307 93L s30030L ©s dgo@zol 0bgm@dsioygmo 3@o-
Gg®ogdgdo. Omamai  (gbo, boygggmgbm  dmegaol  s@hggs bmdEogmegds o0
300 gM09dgdols dobodsgry@o dbodgbgarmdols dobgogom.

36093b6g@mgobos a3oblmgogl, Gmd ¥ -l s B-b 3005993930 Goglobs® 5@
0096080300005 03 SbGom, MM ¥ -l s B -l Lbgsslbgs 30m3d0bsiEosd dgod-
@gds (oddmJdbols gomo s o0gogg dod@ocgs IT=y6". gl 080d™md bpgds, G®I
bgdoldogdo dgodrbgdoo rXr asbbmdogngdol P ds@®oiobomgols spaomo oJ3l
yB'=yPP7'B' . Lbgs Lo@ysgdom, dmbsi999dds Bgodmgds  asblobwgdml B -l
1g9GHgdbg Jmdodygmo 3MobGga®siool boghg s ¥ -bg dmdodyeo Log®@zg. d>To-
Lowsdyg, B -do  3mobdgado®gdswo  g9Jdmmgdol 3od3397e0  Lobom  bm®@domgds
9bps dmbogl @oms dogommon Goglobs  3mob@Gga®omgdso dglsdodobmds. bdo-
@o©  0dgo  o5Jgm, OmI od dglodsdobmdsls dgodangds  dolbowgdo  g3mbmdogy@o
063 g3 g@Eo30s aoohbegl.

¥ dogomomo. obgobogrmmn  bgdme  hedmmgeogo  bymo  Lo@ysiEos dse-
A0ggl dogomomby, GmEs Inigdgmos m@o I(1) Lsbol 37 6030.
v, =Bx, +¢,,
X, =X,_5+tV,.
od 2ob@m@ gdgdowsb dogowgdm
Vo= Vi =V TR V) e == =) Hu,
Loo u, =Bv, +¢,.
Sy, HMI GEMIogrgdol 3m@g]cool dnpgmo (ECM) 3 d93mbgggobmgols 0dbgds
Ay, =

¢ = T2 T U,
Ax

t = Vis

Lbos z, =y, —Bx, (3yodogo s BMgbwo 3m0b@ga®siools gsb@magdsdo - CE -Qo
ho@mgao o6 s@ob).
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30650006 ¥, s X, F3003930 o6 99035396 ©9B9HI0boGd @  FGgbol,
b5d99 235d3b H, () LodmoGosbmsb.

Vi =P +Px, +¢,,

X, =X, +V,.
9L Loliggds Fgag0dmos d9dpga0 boboo bogigdmo

Ayz =-Z,,tu,

Ax, =v,,
Lowsi z, =Y, =Py —Bx, (39dogo hodmgemos 3m0b@ga®siools asb@magdsdo).
30bs0sb ¥y, o x, I(3M03960 5@ Jgoi3og9b ©gBgMdobo@gdya  B®9bwel,
Logdg agodab H, (r) Lo@dgoEoslmasb.
Vi =Py +Px, +g,,
X, =Yg tX,4 TV,
>d dgdombgggsdo

Ve =V ==Via tPo +B(Y0 T X +Vz)+81 =
==V =Po =Bx,) +Byo +uy,
sbg, ®md dogomgdm
Ay, ==z, +Py, +u,,
Ax, =vo+V,,
Losi 2, =Y, =Py —Bx, (3ydogo hodmgeos 3m0b@ga®siools asb@magdsdo).
goboosb  x, IFg0030 dgoogh [Ogog wgBg®dobodgdyger  FG9bol, ULsddy
235J3L H,(r) Lodysiosbmsb.
Ve =Po +pit+Px, +¢,,
X =% +x,_l +Vt'
>d dgdombgggsdo
Ve=YVia ==YV tPo +Pit +PB(yo + X, +V,)+E, =
==V =Po —Pit =PBx, ) + Py +u,,
N
Ay, ==z, +Py, +u,,
Ax, =vo+V,,
boog 2z, =Y, =Py —Pit—PBx, (Iypdogo  ©s (Oxgo30  FOgboo  Bs@mymos
3M0bRga@o300l 2ob@man gdsdo).
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30650056 X, (30030 Dgoogh §ORog ©gdg@dobo@gdya  Bogbol, Logdy
235d36 H (r) LoduoEoslmsb.
Y, =po +pt+Bx, +¢,,
X, =Yo+Yt+x,_ +V,.
>d dgdombgggsdo
V=YV ==V, +Po +P it +B(Yy Y+ X, +V,)+E, =
==V =Po =Pt = Bx) + By + Byt u,
N
Ay, =—z,, +By, + Byt +u,,
Ax, =7 +YiE+V,,
bowo 2, =Y, =P —Pit=Px,  (@gedogo  ©o  §Agogo  HOgbgo  Fedogmos
3M0bRga@o300l ob@man gdsdo).
30650056 X, (30050 Fgooglh  3go@sdum  ©ydgmdobo@mgdym  BMgbol,
Logddg 935d3b H(r) Lodgogosbmob. A
¥V 3saomomo. bgdmo  dmygobogro ds®Fogo dmpgaobmgol  gobgoboanmn

JoEgeodgoygmo  dmbs3gdgdo.  5dobmob  goloGagdammm  3o®odgBH®gdol  dgdwgyo
dbodgbgeomdgdom

B=2, pp=5,p,=02,7,=02, v, =0,01I.

g, 0> Vv, 3{3M039000 ogomme odoRodgoygeo T =400 Lopa®dol gOmIsbgmoliyob
©5dMY300909e0  259Lol mgm@o  bdsydgdo, OMIgmms oldg®lbogdos 4 s 1
‘dglododolo. sbg @md, Lofyol gBo3by:

y, =2x, +¢,,

X, =X, +V,.
od  dmwgmon  0do@o®gdgmo  30m3gLgdo  dmygsbomos bob. 1-bg. sdogg O™,
EViews -bg ®gogrobgdygamo dg-2 Gogoll VAR dmpgenols dgogagdo  dmigdygeos
gb®ogo  1-do. o3 @EbOowdo  mommgygmo 5 dgbodgrm  LoGysiEoobmgol wo 3
‘dglodanm @sbpobmgol (7 =0,1,2) dmzgdgeos:

o oboyxgmgdbenmdbols ermys@omdymo i9biEool dsdlbodsgry@o db0dgbgenmds
L .« (r) dgobhgaeo LodosiEools @s @sbpol  ‘dgbodsdobog;

e 0b6xm@d>Eoygmo  3OoEgMHoydgdol dbodgbganmdgdo  dg@bgyeo  Lodsioobs
> @5bol  dgbodsdobog.
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30039 a®ox35do bohggbgdos 3mob@dga®siool dglsdm{dgdgao @obyo. dmdwggbem 5
20935 dggbodsdgds 5 LodyoEoslt, Omdmgdbyi Loyds® ggdmbos bgdmm (H,(r),

H| (r),H,(r),H (), H(r) 056803093600800). 0monmggmo a@sgols Jggdm dmgds-
o> 3m0b@gadsizool  dggolgdol dgogao. dsTobowsdyg, 3oMggamo 4 LoGyszool
QoM gddo  3m0bGgadoicooll @obyol dggslgds r=1 -, 33-5 LodysEool go@-
e gddo, dmdganoi dggbodsdgds H(r)-b  @obpol dgaslbgos  dgowygbl 2-L.

09 ©0539900bmdom 5350306 3@oRgmoydl, Loygzgmgbme  ¢gbws  dogohbomn
H,(1) — o5& o@0lb @égbwo dmbsozgdgddo, @emdommgdols 3mdgdiosdo o@ os@ols
hoomygano GOgbwo s mogolbyxsmo (g3@o, @obgo l-ol Gmanos. opogg dJmganls
230535bmdlL dgod 30l gM0EgM0dos

—
—_xi
50 100 150 200 250 300 aso 400 ¢
bob.1.
gbGogro 1
Dara Trend: None Mone Linear Limear Quadratic
Rank or No Intercept Intercept Intercept Inmtercept Intercept
No. of CEs No Trend Ne Trend No Trend Trend Trend
Log Likelihood
0 -1526.582 -1526.582 -1526.015 -1526.015 -1525.928
1 -1434.108 -1433.925 -1433.357 -1433.324 -1433.242
2 1434100 =1432.926 =1432.926 =1430.264 =1430.264
AIC

0 7691369 7691369 T.698565 T.H98565 T.TO8180

I 7.246775 7.250880 7.253051 7.257911 7.262521

2 7. 266836 1.270985 T.2T0985 7.267658 7.267658

Selwarz Criteria

0 7.731434 T.731434 7.758663 T.7586063 T.788309

1 7326005 7.341026 7.353213 7.368089 7.382716

2 7387030 7411212 7411212 TAIT918 TA2T9E
LR Tesr: Rank = 1 Rank =1 Rank =1 Rank = 1 Rank =2
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3gb®ogoo 2

Eivenvalue Likelihood 5% 1% Hypothesized
& Ratio Critical Value Critical Value No. of CEfs)
0.371673 184,9642 12.53 16,31 None™
4.00E-05 0.015911 3.84 65.51 At most |

d9gm®g  2Moxsl  dgbodsdol  H,(1) Lodygs@osdo  gmobdga®scool  @sbyols

dggnobgdol  dowgdol  3@m@Eglbo  odog@ygeos @gbGoge 2-To. 53 ¢935b0L3bge00ls

30039 a®ox3sdo  dmygoboemos  @oloxg@gdbemdol  Bommdbols  3®o@g@oyddo

2odmygbgdaao 711 ©d 712 db0dgbganmdgdo.  3oMgge LEM®oJmbdo A, (0) LEsEo-

bEogolb 3b0odgbgermdss  184,9642 o

ol godmoygbgds d03m@3gbols

byenemgsbo
Hy:r=0 9dgbodm{dgdamo H,:r>0 osam@gdbsdogol 300mdgddo. sdogg LH®o-

Jobdo 3migdygeos A, (0) LEs@obEogol 5%-0560 s 1%-08bo j@o@ogyero 360dg-

trace
bgermdgdo. goboowsb A, (0) - godmmgmogro dbodgbgermds m@M0gg 3O0E0
d60dgbgamdboll  s@OLgdomo@  s@gdsBgds, bymmgobo  Jodmmgbs  Ybos FoMgymm
e Bg®bo@ogols Lobodpgdbemme. 3b®ogn 2-0l  dgmeag LE®oJmbdo Fo®Imwagbognos
M irace (1) -0b

dbodgbgamods,  0,015911, o ol godmoygbgds dodmmgboms (ygoaols

Hy:r=1, H :r>1 9gbsdm{dgdamosw. 53 ¢3obsbgbgamms dgogaoe gmgdgamon,
Amd  3m0b@ga®oi3o0ol @obpo dgoaqbl 1-L, @si3 dgglodsdobmdados od gRodby
aobbogygan Ggoeu@ LoGesiEosbomsb.

2o5300gm  obens  dgdegao dJmegeol goboagobyg, @Gmdgamoi bgdmo  pobo-
o a@olbob goblbgogogds msogolyggsemo {gg@om
Vv, =5+2x, +¢,,
X, =X, +V,.
deEgE0®gdegeno 3055030
dmgdgeos bob. 2-Bg, boam 3mob@ga®siEool @obyol oboswagboe dg-2 Gogols

od  93oboligbgaols  dobgwgom dbodgbgermdgdols

VAR dmpgeool  ‘dggolgbol dgogagdo dmigdygeos gb®ogo 3-do.

3gb®ogool sbognobo 30hggbgdl, O™ sgo030L  3O0EgM0Ydol dJobgogom Log-
3999bme 9bps hogmgogrmm Hl*(l) (5@ >0l FMgbo dmbs39dgodo, (3mdogrgdols
3009430570 hodmgaos mogolbygogo 93005 30m0b@gadsizool Gobyo dgomagbls 1-
b). sgoase dggbodbogm, @™ dgo®diEol 3Oo@gMoydoi >®hggobl ogogg dJmogen by
539mgob.

3M0bBga®@sizools Msbaol dggnoligbols domgdols 3GM(39Lo0, Hl*(l) Lo@ygsioolmgols
3odog®ygmos 3b®ogr 4-Jo.

185



50 100 150 200 250 300 350 400 &
bob. 2
H :r>0 ose@g®bs@ogol  300mdgddo  byanmgsbo  dodm@gbol  Hy:r=0

YgLbodm§Igogom 203mygbgdyemo A ... (0) LEHsBoLEogol d60dgbgermds 187,310 s@lsg-
domoE 5gdo@dgds  5%-00b s 1%-006 3Mo@Gogygmo 360dg3bgamdgdl. doTslbowasdy,
9bs Potggmo byemgsbo Hj:7 =0 3odmmgbs. mogol dbdog dodmmgboms §ygo-
ol Hy:r=1, H :r>1 393m§dgdolols 3@ {dybogdom, @md A, (1) -ol 360dgbg-
emds 1,998159 bogargdos g@oBogyer 3b0dgbganmdgdby —Hj:r=1 3odmmgbols gg@
95@M34MB0.  ggaoe gmgmom, AmI 3mob@gadsizool Msbpo dgowygbl 1-U, @s
dggbodsdolmdsdos o3 gBodby aobboaya @gomey® Lo@ysioslmsb.

agb®ogro 3
Data Trend: None Mone Limear Linear Quadratic
Rank or No Intercept Intercept Intercept Intercept Tntercept
No. af CEs No Trend No Trend No Trend Trend Trend
Log Likelihood
1] -1526.582 —1526.582 -15326.015 —-1526.015 -1525.928%
| -1513.785 -1433.925 -1433.357 -1433.324 =1433.242
2 -1513.777 =1432.926 =1432,926 =1430.264 -1430.264
AIC
0 T.691369 7.691369 7698565 7.698565 T.TOR180
| 7.247159 7.250880 7.253051 7.257911 7.262521
2 T7.667223 7270985 T.270985 7.267658 7.267658
Schwarz Criteria
0 7.731434 7.731434 1758663 7.758663 7. 788309
1 7727289 7341026 7.353213 7.368089 7382716
2 7987417 7411212 7411212 7427918 7427918
L.R. Tesr: Rank = 1 Rank = | Rank = 1 Rank = | Rank = 2
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gb®ogoo 4
Test assumption: No deferministic frend in the data; Seres: Y2 X2, Lags infervall 1101

_ Likelihood 5% 1% Hypothesized
Eigenvalue Rario Critical Value Critical Value No. of CE{s)
0372251 1873130 19.96 24.60 None™
4005008 1.998159 9.24 12.97 At most |

sbognmyog®o  Lobom  dgagodamos  aogosbosgobmm  dmwgearol dgdwgayo G0
3oM05b@0:

v, =5+2x, +¢,, v, =5+0,2t+2x, +¢,,

o
x,=02+x,_ +v,.

X, =02+x,_+v,.
od gBo3by Jmgdgm go@mosb@gol o® obgobomogmn ©s dgghg@wgdbomn Ibmermo 0d
3500563 bg MmIganoi dggloodsdgds H(r) Lodygsgosl:

v, =5+0,2t+2x, +¢,,

x, =0,24+0,01lz+x,.; +v,.
dmgdgeo LobBgdom dmagmoMgdoyeo dmbsogdgool a@oxozgdo [o®dmwygboanos
bob. 3-bg, bmerm 3mobBga®sEool @sbaol wobswagbosw g2 @ogol ggd@m& o
530MOgaMgLbool Jmegerol dgxsobgdol dgegygdo dmEgdyeros bGognr 5-To.

50 100 150 200 250 300 350 400 ¢

bob. 3
gb®ogro 5 a30h39bgdl,  @mI,  OEamAE  sgoogol  sbggg  dge@zob

30HgM0gdgdols  Jobgogom  Loyzgmgbme  9bws  hogmgogmn H(r) dmogao
(Imbozgdgdo  dgoogl  g3o@@s@ya  HMgbol,  3rmdogmgdol  jmégdiEosdo
ho@mgeros dgodogo o {Oxogo G®gboo; 3mob@ga®sEool @sbyo dgoagbl 1-b).
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gb®ogoo 5

Sertes: Y5 X5, Lags interval. 1101

bo@ogol  3odmdgddo.

byyanmgobo dodmmgbs H 17 =0 godgmegomos

N

eemE. bsdspoghme  Hjy:r=1 303m@dgbol godigmas o6 bpgds
amd  3mob@ga@siool  @sbyo

‘dgoagbls
dggbododolmdsdos o3 gBodby aobboanya @gomey® Lo@ysioslmsb.

Data Trend: None None Linear Linear Quadratic
Rank or Mo Intercept Intercept Intercepr Tntercept Intercept
Nao. of CEs Na Trend No Trend Na Trend Trend Trend
Log Likelihood
0 =1672.222 -1672.222 =1630.634 —1630.634 =1525.928
1 =1527.340 =1527.331 =1525.738 -1525.724 -1432.667
2 =1527.280 =1520.795 -1520.795 =1432.659 -1432.659
AIC
0 8423224 8423224 8.224289 B.224289 7. 708180
1 7.7115279 7.720258 7.717274 7.72223) 7250633
2 71.735077 7.712538 7712538 7.279694 7279694
Schwarz Criteria
1] 8.463289 463289 8.284386 B.284386 7. 788309
! 7.795408 7.810404 7817436 7.832409 7379827
2 TB55272 1852765 T.852765 7.439953 7439953
L.R Test: Rank = 1 Rank =2 Rank = 2 Rank = 2 Rank = 1
300639253005 Mobaols dggobgool dowgdols 3Gmiglo, H(r) Logyscoolmgols
3odog®ygaos 3bGogn 6-Jo.
3gb®ogro 6
Test assumption, Quadratic delerministic trend in the dafa; Serles: Y5 X5, Lags inferval 1101
Likelihood 5% 1% Hypothesized
Eigenvalue Ratio Critical Value | Critical Value | No. of CE(s)
0.374152 186.5374 18.17 23.46 None"*
397E-05 0.015819 374 6.40 At most |
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