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PeByJ'H)TaTI)I pacueToB MOI[CJIGI;'I METOOOM KOMHUTETOB U JIMHCHHBIM pa3saciICHUEM ITPEACTABICHBI B Tabm. 3.

Taob6numa 3
Pe3ysbTaThl JIUHEHHOro pa3aenenus u pasgeinenus Kb u3 S uienos

Mero OO6yyaromasicst BRIOOpKa KonTponsHas BeIOOpKa
A Muox. 1 Muox. 2 Muox. 1 Muox. 2
Jluneinast knaccudukamms 59.25% 58.62% 48.70% 46.84%
Kb u3 5 unenos 63.79% 61.51% 50.32% 51.65%
Jlutepatypa

1. Masypos Bn./]. MeTon KOMHTETOB B 3a[a4ax ONTHMH3AIMHU 1 Kiaccupukanun. M. : Hayka, 1990. 248 c.
2. Onoep A. Kak urpats u BeIUrpsBaTh Ha Oupske: Ilcuxomorms. Texuuuaeckuii ananu3. KorTpons Hax kammTanoMm. M. : AnpnuHa
[Ma6mumep, 2016. 472 c.

OIIEHUBAHUE YN CJA COCTOSAHUM .
CHUHXPOHHOI'O ABAK/AbI CTOXACTUYECKOI'O IIOTOKA COBBITUHN

E.H. bexxepman, U.C. lmvipun

Hanumonansuelit uccnenoBatenbckuil ToMckuii rocyqapcTBeHHBIN yHUBepceuTeT, Tomck, Poccust
javajive@yandex.ru, is21@mail.ru

B Hacrosimee BpeMs MCCIIEIOBAHUIO PA3IMYHBIX MaTEMaTHUECKUX MOeel ABaXKIbl CTOXaCTHYECKUX MOTOKOB
COOBITHII ¢ KYCOYHO-IIOCTOSIHHOW CITy4alfHOM WHTEHCHBHOCTHIO TOCBSIIEHA OOMIMpHAs JUTepaTypa (CM. JIUTEpaTypy
JICCepTalMoHHBIX padoT [1,2]). B momassronem 4ncie paboT MCClIeA0BaHNE BEETCS B IPEIIONIOKEHUH H3BECTHOTO
(arprOpHO 33AaHHOTO) YHCIIA COCTOSHHHA MHTEHCHBHOCTH IMOTOKA, OJHAKO, JUIS PEaJIbHBIX MOTOKOB COOBITHI YHCIIO
COCTOSIHMH MHTEHCHUBHOCTH, KaK IPaBHUJIO0, HEU3BECTHO. B CBS3M ¢ 3TUM BO3HUKAaeT HEOOXOIMMOCTh OLEHUBAHMS YHCIIA
COCTOSIHMH MHTEHCHBHOCTH JBaXKIBI CTOXAaCTUYECKOTO ITOTOKAa COOBITHH MO HAOIIONEHMSM 3a MOMEHTAaMH BpPEMEHH
HACTYIUIEHHUS COOBITHH MOTOKA.

B kauecTBe MccnenyeMoi MOAEIH IBAXK/IbI CTOXaCTUYECKOro ITOTOKAa COOBITHII paccMaTpUBaeTCs OJHA U3 HanOoiee
pacrpocTpaHeHHbIX [3—6] Monenedl — CHHXPOHHBIM JBaXKIbl CTOXAaCTHYECKWA IOTOK COOBITHH C KOHEYHBIM HYHCIOM
cocrostHuid. [IpruBomuTcs mompoOHOE OnMcaHWe MaTeMaTHYeCKOH MOJENN CHHXPOHHOTO MOTOKA COOBITHI Ha OCHOBE [7],
paccMmaTtpuBaeTcsl 33/1a4a OLEHWBAHMS YHCIA COCTOSHHWN CHHXPOHHOTO TOTOKa COOBITHH TO HAaOMIOAEHMSM 3a HOTOKOM.
BBoauTcs moHsTHE WHTEpBaJa ITOCTOSHCTBA WHTEHCHBHOCTH CHHXPOHHOTO IIOTOKA COOBITHH, JOKa3bIBACTCA 3aKOH
pacrpeeneHyst TUTENFHOCTH HHTEpBaJIa MOCTOSIHCTBA MHTEHCHBHOCTH CHHXPOHHOTO ITOTOKA C HCITOIb30BaHUEM METOIUKH
[8]. C yuerom cymectByronmx wuccienoBanuii [9,10] 000CHOBBIBACTCS BOSMOXKHOCTH HCITONB30BAHUS TEOPETHUCCKUX H
TIPAKTHYECKNX PE3YJbTATOB, MOMYYEHHBIX MPU PEIICHWH 3a7a4d OIEHMBAHMS YHCIIA COCTOSHHWH ACHMHXPOHHOTO IMOTOKA
COOBITHH, [T pEeIIeHHs 33/1a41 OLCHUBAHHS YKCIIa COCTOSHUI CHHXPOHHOT'O ITOTOKA COOBITHIA.

Jlutepatypa

. Hexrcenvcran JI.A. ABropedepar muc. ... fokropa pusnko-maremarmdeckux Hayk / Ham. ncenen. Tom. roc. yu-T. Tomck, 2017.

. Cupomuna M.H. ABtropedepar auc. ... KaHauaata GU3NKo-MaTeMaTndecknx Hayk / Harr. uccnen. Tom. roc. yH-T. Tomck, 2017.

3. Heacenvckas JLA., Cudoposa E.@. ANropuT™M ONTUMATIBHOTO OICHUBAHUS COCTOSIHHMHM OOOOIIEHHOTO CHHXPOHHOTO IIOTOKA
coOpITHiI BTOpOro mopsaka // MareMarndeckoe M IpOrpaMMHOE obOecredeHHe WH()OPMAIMOHHBIX, TEXHWYECKHX W
OKOHOMHYECKUX CHCTEM : MaTepuansl V MexXIyHapoqHOH MONOACKHON HAydHOW KOH(pEpeHIwH / 1moj oOml. pe.
N.C. llImprpuna. 2017. C. 105-113.

4. Cupomuna M.H., I'opyes A.M. OueHKa MakCHMAJIEHOTO TIPABONO00MS ITUTEIEHOCTH MEPTBOTO BPEMEHH B MOIYIHPOBAHHOM
CHHXPOHHOM JIBXKIBI CTOXaCTUYECKOM ITOTOKEe coOBITHI // BecTHUK TOMCKOro rocyaapCcTBEHHOTO YHUBEPCUTETA. YTIPABICHHE,
BEIUHC/IUTENbHAs TeXHUKA U nHpopMmartnka. 2016. Ne 1 (34). C. 50-64.

5. I'opyes A.M., Cupomuna M.H. CoBMecTHast INIOTHOCTb BEPOSTHOCTEH 3HAYCHHUH JITUTEIHHOCTH MHTEPBATOB MEXTY COCEIHUMHU
COOBITHSIMI MOJYJIHPOBAHHOTO CHHXPOHHOTO JBAXKABI CTOXACTHYECKOTO ITOTOKA B YCIOBHSX HENPOJICBAIOLIECIOCS MEPTBOTO
BpeMeny // M3BecTns BeICIINX ydeOHBIX 3aBeaeHnil. dmsuka. 2015. T. 58, Ne 11-2. C. 127-132.

6. Heocenvcras JLA.,  Kprokosa HC. OntumanbHash ONEHKA COCTOSHHH CHHXPOHHOTO IIOTOKAa COOBITHH B YCIOBHSX
HETNPOJIICBAIOIIEr0Csl MEPTBOTO BpeMeHH // M3BecTus BeicinxX yueOHBIX 3aBeaeHuil. @muka. 2015. T. 58, Ne 11-2. C. 158-163.

7. Bywnanos U.B., I'opyes A.M., Hedxcenvcras JI.A. OnieHKa mapaMeTpoB CHHXPOHHOTO JBayKAbl CTOXaCTHYECKOro MOTOKa COOBITHIA
// ABTomatunka u tenemexannka. 2008. Ne 9. C. 76-93.

8. Bacunesckas T.I1., 3aszopoouss MLE., mwvipun U.C. O coorHOomennn moneneii MAP-moToka coOBITHIE W aCHHXPOHHOTO,

MOJIYCHHXPOHHOI'O M CHHXPOHHOTO IBAXIBI CTOXACTHYECKOro IOTOKa CoObITHH // BecTHHK TOMCKOro rocymapcTBEHHOTO

yausepcutera. 2004. Ne S9 (II). C. 138-144.
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9. Bexxepman E.H. ABTopedepar auc. ... kKanaunara puszuko-maremarndecknx Hayk / Har. uccnen. Tom. roc. yH-T. Tomck, 2017.
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PARAMETER ESTIMATION AND CHANGE-POINT DETECTION
FOR AR(P)/ARCH(Q) PROCESS WITH UNKNOWN PARAMETERS"

S.E. Vorobeychikov, Yu.B. Burkatovskaya

Tomsk Polytechnic University, Tomsk, Russia
Tomsk State University, Tomsk, Russia
International Laboratory Statistics of Stochastic Processes and Quantitative Finances, Tomsk, Russia
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The problem of change point detection arises often in different applications connected with time series analysis,
financial mathematics, image processing etc. Sequential methods include a special stopping rule that determines a
stopping time. Due to a special stopping rule, we construct statistics with variances bounded from above by a known
constant. Consequently, we can estimate non-asymptotically the probabilities of false alarm and delay, but we also
investigate asymptotic properties of the statistics.

We consider scalar autoregressive process AR(p)/ARCH(q) specified by the equation

- 2 2
Xp =MXp g+ FA X+ \/ao +oux +..ta,x &
Here {£,},., —1is a sequence of independent identically distributed random variables with zero mean and unit variance.

The density distribution function f; (x) of {&,};s, is strictly positive for any value of x . Parameters A=[A,,..., &,] and

A=[ay,..., a,] are supposed to be unknown.

Since the noise variance of the observed process is unbounded from above, we transform the model; hence, we
obtain a model with the noise variance bounded from above by an unknown constant. For parameter estimation of the
process, we construct a special factor I', at the interval [0,n+s], where s=max{q,p}, to compensate the influence of the
unknown constant. Then, we estimate autoregressive parameters by using this factor in the frame of sequential

procedure. We introduce a stopping time t(H ) depending on the positive parameter A and construct a weighted least-

squares sequential estimator on the interval [#+1,t]. Due to the stopping time and the weights, the standard deviation of
the estimator is bounded from above by a known constant, which is inversely proportional to H. Also we prove a variant
of vector central-limit martingale theorem, which allows investigating asymptotic properties of the estimator.

Suppose that after a certain instant 8, parameter vectors (A, A) change their values from (Ao, Ag) to (A1, Ay), and

lAc— Ai|*>A. We construct a series of sequential estimation plans (r[,A[ ), where {t;} is the increasing sequence of

the stopping instances (tp=—1), and f\i is the guaranteed parameter estimator on the interval [t,-;+1,7;]. Then we choose
an integer / >1 and associate the statistic J; with the i—th interval for all i >1

Ji= ([\l —/A\[_[ )T ([\l _Al—l) :

This statistic is the squared deviation of the estimators with numbers i and i—/. The proposed statistics change their
expectation after a change point. That allows us to construct the following change-point detection algorithm. The J;
values are compared with a certain threshold 8. The change point is considered to be detected when the value of the
statistic exceeds .

The probabilities of false alarm P, and the probability of delay P; in any observation cycle [1,.;+1,1;] are
important characteristics of any change point detection procedure. Due to the application of the guaranteed parameter
estimators in the statistics, we can obtain the upper bounds for these probabilities

4(H+p—1) p< 4(H+p—1)

SH? 1‘(@_@)2112'

Asymptotic properties of the estimators let us establish the following asymptotic upper bounds of the error probabilities.
For ergodic AR(p)/ARCH(q) process and for sufficiently large H we obtain the inequalities

JoH (\/Z—\/g)l-l

B<41-O| —/——== ||, AZ4|1-0| —F/——————
2 (H+p—1) 2 (H+p—1)

P <
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