MUHUCTEPCTBO HAVKU U BBICILIEI'O OBPA30OBAHM S POCCUMCKOU ®EJEPALINA
HALIMOHAJIbHBIN UCCJIEJJOBATEJILCKUI TOMCKUI1 TOCYJAPCTBEHHBII YHUBEPCUTET

HOBBIE UH®OOPMAIIMOHHBIE TEXHOJIOI'A
B UCCJIEJOBAHUU
CJOXKHBIX CTPYKTYP

MATEPHAJIBI
ISATHAIIIATOW MEXJIYHAPOJIHON KOH®EPEHIIUU

16-20 centsaops 2024 r.

Tomck

N3parensecTBo TOMCKOro rocyjapCTBEHHOTO YHUBEPCUTETA
2024



VK 004(082)
BBK 731431
H76
PepakumonHasi KoJulerusi BbIycKa:
A.B. 3amamun, npodeccop, nupexrop UIIMKH HU TT'Y, Tomck
A.FO. Mampocosa, npodeccop xapenpst Kb MIIMKH HU TI'Y, Tomck
JIL.A. Heacenvcras, npodeccop xadenpst [IM UTIMKH HU TT'Y, Tomck
I''M. 3axaposa, nouent, YpI'AXY, ExatepunOypr
M.JIL I'pomos, nonent xkadenpst UTUuC POD HU TI'Y, Tomck
C.H. Topeaes, nouent, 3aseaytomnii kapeapoir U'TUuC POD HU TI'Y, Tomck

H76 HogBble uH(popManoHHble TEXHOJIOTMH B HCCJICAOBAHUM CJOKHBIX CTPYKTYP : MaTepHaJIbl
[IsTHanuatoit MexaynapoaHoit kondepenuunu, 16-20 centaodps 2024 r. — Tomck : U3paTenscTBO
ToMckoro rocynapcTBeHHOro yHuBepcurera, 2024 — 94 c.

ISBN 978-5-907722-98-9

[TarHanmaras koH(pepeHIMs: MexayHaponHas koHpepeHuns «Hosble MH(OpManMOHHBIE TEXHOJIOTHU B
WCCIIEJOBAaHUN CJIOKHBIX CTPYKTyp» Oblna mpoBeneHa B mocénke Kartynp Adnraiickoro kpas c¢ 16 mo
20 cents6ps 2024 r.

Marepuainsl COOpHUKA OPHEHTUPOBAHBI Ha UCIIONB30BAHNE CHIEIUATICTAMH B 00JIACTH MH(POPMAIIOHHBIX
TEXHOJIOTMA B Ppa3IMYHBIX cdepax UeNOBEUYECKON JeATeNbHOCTH, BKIIOYAs BBIYMCIHUTEIBHBIE U
TEJIEKOMMyHUKAI[MOHHBIE CHCTEMBI, 00pa3oBaHMe, apXUTEKTYpy M T'PaJOCTPOUTENBCTBO, OXPaHy MPHPOIH,
3/[paBOOXpAaHEHHNE, pa3pabOTKy CHCTEM HCKYCCTBEHHOTO MHTEIUICKTa, HCCIIEOBAHNE MAWUCKPETHBIX |
CTOXACTUYECKHX CTPYKTYp YIPaBJICHHS U CBS3U.

VK 004(082)
bbK 734431

© ToMckuii rocyJapCTBEHHBIH YHUBEPCHUTET, 2024
ISBN 978-5-907722-98-9 © ABropsl cTaTel, 2024



B pabote onpenernsercs SMIUPUYECKOE pactpeieiiCHHe Ha OCHOBE MOTYYSHHBIX SKCIICPUMEHTAIIBHBIX JJAHHBIX U
oTpakaeT (paKTUIecKrue CBONCTBA APKOCTH B 3aBUCUMOCTH OT yTia (puc. 1).

J1J151 OLIEeHKH COOTBETCTBHS MOyYEHHOT0 PACIIPEACIICHUS TEOPETUYSCKUM 3aKOHAM pacpeierneHus (puc. 2), ObLx
npoBeneHsl TecThl Komoroposa u [Tupcona. Pe3ynbTaTsl puMepoB, MPUBEICHHBIX B Pa0OTe, MOKa3bIBAIOT, YTO MOJICIb
1 TIPOTHO3WPOBAHUE MOTYT OBITh IIOCTPOCHBI HA OCHOBE pacrpezenenuii ¢ p-value 6omsime 0,05.
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ESTIMATION OF NET PREMIUMS AND LIFE ANNUITIES USING INFORMATION
ON MATHEMATICAL EXPECTATIONS AND VARIANCES OF LIFE TIME
AND TIME-UNTILL-DEATH

Yu.G. Dmitriev, G.M. Koshkin

National Research Tomsk State University, Tomsk, Russian Federation

B nonrocpo4HOM CTpaxOBaHUM YKU3HU NPHU pacyeTax HETTO-NPEMUIN yUUTBHIBAETCS TUHAMMKA LEHHOCTU JECHET,
OCHOBaHHAsl Ha MPOIEHTHOM CTaBKe O C HEMPEPBHIBHO HAYHMCISEMBIM IpoueHToM 1o Bkiany [1]. Ilycts cmyuaiinas
BeMurHa X — MPOIOIDKUTENBHOCT JKU3HH, X — BO3PACT UHAUBUIYYyMa B MOMEHT 3aKIFOUeHHs oroBopa, 1 (x)=X —x —

€ro OCTaTO4YHOEC BPEMS KU3HHU. B aKTyapHOﬁ MaTEMaTHUKE pasMEP CTPaxoBOT'O IOCO0OMs IIPUHAMAIOT B Ka4YC€CTBE €AUHHUIIBI
N3MEPCHUA OCHCXKHBIX CYMM, IIO3TOMY HETTO-IPEMUA IIPU IOJHOM CTPaXOBAaHHWHU XU3HW paBHA MAaTEMATHYCCKOMY

_
1-F(x)

o
OKUIAHHIO E{e_6T(X)} 1 0603HAYAETCSI ZX = Ie_S[ dF (x+1), F(x) — gyHkuus pacnpeneneHus crydaiHoi
0
BEJTMYUHEI X .

W3BeCTHO, YTO MEHCHOHHBIE PEHTHI ONPENENSIOTCS COOTBETCTBYIOIIMM BHIOM cTpaxoBanus [2—4]. Tak,

aKTyapHas COBPEMEHHas CTOMMOCTb OKM3HEHHON PEHTHI onpeziensercs popmynoi a (8) =(1-A4.)/9.

B pabore paccMaTpuBaercs 3ajada OLCHHBAHUS IO CIydaiiHON BBIOOpKe X|,...,X, HeTTO-IpeMHil W PEHT
METOOM TIOJICTAHOBKH [5] ¢ HCIIONB30BaHUEM JOMONTHUTEIHHON HH()OPMAIMK O CPETHEM U TUCTIEPCUU BPEMEHH KU3HH
EX, DX, o cpemnem u aucnepcun octatounoro Bpemenn sxusan ET(x), DT'(x). Cunres OlEHOK, YUUTHIBAIOIINX
TaKyIo alpHOPHYI0 HH(POPMAIIHIIO, TIPOBOJUTCS IO METOJHKE, NPUBEICHHOM B [6,7].

Jloka3aHa acCHMIITOTHYECKash HOPMAaILHOCTh OLICHOK, HAaMIICHBI MX CpenHeKBanpaTuieckue ommoOku. [TokaszaHo,
YTO TOYHOCTH OLICHWBAHUS C Y4eTOM HMH(POpMAUH 00 OCTATOYHOM BPEMEHH JKM3HHU BBIIIE [0 CPABHEHHIO C OLICHKOH,
UCTIONB3YIOLIEH NHPOPMAIIUIO O CPETHEM BPEMEHH KU3HH.

3aMeHUB B NPEIIOKECHHBIX OLCHKAX 3MIMpPUYECKUe (YHKLIUH pACIpeNeiCHHs MX IJIaJKHMHU aHaioramu (cp.
[8,9]), MOXHO MOTYyYUTh TTIaAKHE MOIU(DUKAIINN OLEHOK HETTO-IIPEMHUI 1 PEHT.
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MAXIMUM LIKELIHOOD ESTIMATION OF DISTRIBUTION PARAMETER
FOR RANDOM DEAD TIME DURATION IN RECURRENT ALTERNATING
SEMI-SYNCHRONOUS EVENTS FLOWS

A. Vetkina'™, L. Nezhelskaya'

'National Research Tomsk State University, Tomsk, Russian Federation
¥ anyavetkina@gmail.com

One of the most common mathematical model of information messages flows that operate in telecommunication
and information-computing networks is the model of Markov chain, MC-flows or Markovian Arrival Process, MAP-
flows [1, 2]. That model belongs to the category of doubly stochastic events flows meaning that it is a stochastic process
with both random arrival times and random intensity. This paper describes a kind of MAP-flows, namely, semi-
synchronous doubly stochastic events flows with an intensity that is a piecewise-constant random process with two states.
In that flows the accompanying process of intensity changes in part at the time of event occurrence and in part at random
moments of time that not related to the event occurrence [3].

In practical information systems, it is often impossible to observe all events in a flow due to the dead time of
recording devices [4]. This dead time occurs when registered events cause other events to be lost or inaccessible for
observation. The dead time of recording devices is influenced by various factors and can be categorized as non-prolonging
or prolonging. The duration of unobservability may be deterministic or random with a specific distribution law. In case
of random dead time, its maximum duration is limited by an upper bound. Therefore, it is reasonable to consider the
distribution of dead time as uniform over some interval when treating it as a random variable with no additional
information about that duration.

The presented events flow operates in a stationary mode with random intensity A(¢) of two states S; and S>. It is
assumed that the i-th state of the process S; occurs when A(¢) = A;, and during that time a Poisson events flow with intensity
Aioccurs, i = 1, 2. The transition from the state S; of the process A(?) to the state S: is possible only at the time of occurrence
of an event, and this transition occurs with probability p (the process A(f) remains in the first state with probability 1 — p).
The transition from the state S, to the state S; can occur at any time that is not related to the occurrence of an event. The
duration of the process A(¢) being in the second state is a random variable distributed according to an exponential law
F(t)=1 — e/, t > 0, where o is the intensity of the transition from the state S- to the state S;. Under these assumptions,
A(?) is a hidden Markov process (A(?) is a fundamentally unobservable process; only the moments of the time of events
occurrences in the flow are observable).

After each recorded event at time #, a period of the dead time of random duration occurs, which is generated by
this event, so that other events in the flow that occur during this dead time period are not observable and do not cause its
prolongation. It is assumed that the random duration of the dead time is uniformly distributed with probability density
p(D=1/T", where Tis the value of the duration of the dead time, 0 < T< 7", and T" is an unknown parameter of the uniform
distribution.

In general, doubly stochastic events flows are correlated flows [5]. In this work we consider the semi-synchronous
events flow when A, = 0, i.e. an alternating flow that has no events in the second state. When this restriction is satisfied,
the original semi-synchronous events flow becomes a recurrent flow.

The objectives of this study are: 1) to estimate the parameter of the uniform distribution of non-prolonging dead
time duration 7", based on a sample of moments of observed events occurrence #1, f,..., tn, using the maximum likelihood
method; 2) to investigate the estimation for the general and special cases of the considered flow, for that, to conduct
statistical experiments to determine the properties of the obtained estimates.
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