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BOPUC BJIA/IMMUPOBUY THEJAEHKO (1.1.1912 — 27.X11.1995)

B.B. I'uenenko poamics 1 saapst 1912 r. B Cumbupceke (HbiHe YJIbSHOBCK).

B 1930 romy on okoH4YMI (pU3UKO-MaTEMATUIECKOE OT/Ie/ICHUE T1€/IarOTMIeCKOTo (DaKyIbTe-
ta Caparosckoro yausepcurera. C centsiopst 1930 mo asrycr 1934 roga B.B. I'negenko pabo-
TaJI accucrenToM TekcrmibHoro nncrturyra B Banose. 31ecy Bopuc Biajuvuposud yBiekcs
Teopueil BEPOSITHOCTE, 3/1eCh UM OBbLIN HAIMCAHBI TIEepPBble PAOOTHI TI0 TEOPUU MaCCOBOTO 00-
CJIY2KUBAHUSA. DTOT MEPUOJ JEATETBHOCTU ChIIPaJl OIPOMHYIO POJIb B €ro (POPMUPOBAHUM KAK
YYEHOTO U TIeIarora.

B 1934 rony bopuc BiaimmupoBrud IOCTYIIII B aCHUPAHTYPY MeXaHUKO-MaTeMaTHIeCKOTro
daxynsrera MI'Y. Ero yanrensvu 6bumr A . Xunann u A.H. Kosmoropos. Kanaumarckyro
nuccepranuio Ha TeMy «(O HEKOTOPBIX Pe3y/IbTaTax Mo TeOpur O€3rPAHUYTHO JIEJTUMbBIX PacIIpe-
nenenuiiy o 3amuTua B mione 1937 roma. C 1 cenrssOpst sToro ke roga b.B. I'memenko —
MJIQJUIUN HAYy4IHBI coTpyaHuK Hcrutyra martematuku MIY, a ¢ 1 cenrabps 1938 roga —
JIONEHT KadeIphl TECOPUH BEPOsITHOCTEH MexaHuKo-MaTemaTudeckoro daxyabreta MI'Y. Jlok-
TOpCKYyIo Juccepranuio «lIpeenbabie TeOpeMbl JIjIst HE3ABUCUMBIX CJIyUYaHBbIX Beaudun» B.B.
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[Maenenko 3amurua 28 mag 1941 roga. luccepranus cocrosia u3 ABYyX YacTeil: TEOPUA CyMMU-
POBaHUS U TEOPUN MaKCUMAJILHOTO WieHa BapuannoHHoro psiaa. C tex nmop Bopuc Biamuvmupo-
BUY CUUTAETCS OCHOBATE/IEM MaTeMATHYECKONW TEOPUU SKCTPEMAIbHBIX 3HAYEHUN CJIydailHbIX
IOCJIETOBATEJIbHOCTEM.

C 16 oxTsabps 1942 roga o 20 aBrycra 1945 roma B.B. ['negenko — npodeccop mexannko-
maremaTudeckoro dakyaprera MIY. B 1945 rogy Ykpanuckas Akajemus HayK m3dbupaer Bo-
puca BirajumMupoBuda cBOUM YJI€HOM-KOPPECIOHIEHTOM. B 3TOM 2Ke rojy OH mepee3zkaer BO
JIbBOB M paboTaer B aKaJeMUYECKUX YUpexkKJIeHUdIX U B yHuepcutere. B 1948 romxy Bopuc
Bragnvuposua uzbupaercs akagemunkom AH YCCP.

WccnepoBanus 1o mmpeaeabHbIM TeopeMaM ObLH 101bIToXKeHbI B.B. ['HeieHKo B coBMecTHO#
¢ A H. Koamoroposeim MorOrpadun «IIpemenbabie pactupeaesenns s CyMM HE3aBUCHMBIX
caydaitubix Besmaun» (1949 r.). Ba sty kaury asropam B 1951 rojy 6blia IpUCy K eHa IpeMust
um. I1.JI. Yebbimena.

Kypc nexkmnmit mo Treopun BepogTHOCTE, KOTOPBIN Bopuc Biaagmmuposnd unran B JIbBOB-
CKOM YHUBEPCUTETE, MOCTYKIJI €My OCHOBOI Jijid Hammcanus yaeOnuka «Kypce reopun BepodT-
HocTef» (1949 r.). DTa KHUra MHONOKPATHO U3/aBAJIach B DA3HBIX CTPAHAX U SBJISIETCS OJIHIM
13 OCHOBHBIX YyYeOHUKOB 10 TE€OPUU BEPOSATHOCTEN W B HAIIN JTHU.

B 1946 roay Beixogar ero «Ouepku 1o mcropun MaremMaruku B Poccun» u coBMecTHas ¢
A9, XuHIUHBIM KHUTA «DJIeMEeHTapHOEe BBEJIEHNE B TEOPUIO BEPOSITHOCTEI ».

C 1950 roma B.B. T'uenenko paboraer B Kuese B Uncrturyre marematuku AH YCCP u
B yHEUBepcuTeTe (3aBelyIomuii oTiaeoM reopun Bepositocteit Vucruryra maremaruku (1950-
1960) u nupekTop sroro macturyTa (1955 — 1958), 3aBeyonumit Kadbeapoil TeOpUN BEPOSATHO-
creit u anredpsl KI'Y, mpeacenarens 61opo OTaenerns (pu3nKo-MaTeMATHIECKAX U XUMIIECKIX
nayk AH YCCP).

[lepeexap B Kues, Bopuc Biagmmuposud obparaercs K HOBOII mpob/ieMaTuKe, Ha 3TOT pas
OTHOCSIIEHCS K MAaTeMaTHIeCcKoil craTiucTuKe (IIpoBepKa OJHOPOIHOCTH JIBYX BBIOOPOK). DTOT
IIUKJI ero paboT MoJIydns MUPOBoe IpusHaHue. B sTor ke nepuosn b.B. I'nenenko maunmnaer
pa3padaTbhiBaTh JIBa HAIPABJICHUSA MPUKJIAIHBIX HAYYHBIX UCCICTOBAHUN — TEOPHUIO MaCCOBO-
ro oOC/Iy:KMBaHUS U ITPUMEHEHHEe MaTeMaTUIeCKUX MeTOJI0OB B Meuiinue. Pabora 1mo nepBomy
HAITPABJIEHUIO TTPUBEJIa K BbIXOLy MoHOrpadun «BBesenne B Teoprnio MaccoBoro odc/ryKnuBa-
uusi» (copmectao ¢ VI.H. Kopasenko) (1966), a 110 BTOpoMy — K CO3JIQHUIO [IEPBOIO B MUDe
9JIEKTPOHHOI'O JIMArHOCTa cepJledHbIx 3aboseBannii (copmectro ¢ H.M. Amocoseim, E.A. lka-
6apa u M.A. Kymukosbim) (1960). C 1955 roga Bopuc Baagumuposnda BosriaBuia pabory mo
opraamsaruu Berancaunrenbaoro nearpa AH YCCP, pykooana paboramMu 1Mo CO3/aHUIO YHU-
BepPCAILHON BBIYUCIUTENBHON MalmHbl «KneBs ¥ crenuaan3upoBaHHON MAIWHBL [T Perlle-
HUsI CUCTEM JIMHEHHBIX ajrebpandeckux ypaHenwuii, Hanucas (coemectro ¢ B.C. Koposokom
u E.JI. FOmenko) nepsoiit B Hareil crpase (B OTKPBITON 1e9aTh) yIeOHUK MO IIPOIPAMMUPO-
Bamuio (1961 r.).

B 1960 rony B.B. I'menenko Bozspamaercd B MI'Y na jmomknocTh mpodeccopa Kadeipb
TEOPUU BEPOATHOCTEH MEXaHUKO-MATEeMATUIECKOTO (aKyabTeTa, KOTOPOoil pykKoBoguT ¢ 1966
rojia 10 MOCJIEAHUX JTHEN CBOel >KU3HMU.

B Mockse bopuc BragmmupoBrnda HaumHaeT 3aHIMATHCA TeOpHell Ha Ie2KHOCTH, OPTaHu3yeT
Bmecte ¢ Z.M.Copunbim, FO.K.Bersesbim, A.JI.Conosbesbim, A.B. [Topom u JI.4. Ilyxras-
TepoM Bcecoro3Hblil ceMrHAp 10 pa3/IMYHBIM BOIpocaM HaJiexKHoCTH 1pu llommrexnndaeckom
My3ee, OTKPBIBAET CEMUHAP 10 MaTeMaTUIeCKUM BOIIPOCAM TEOPHUHU HAJIEYKHOCTU HA MEXAHUKO-
matemarudeckoM ¢akynbrere. Comectro ¢ FO.K. Bensesbim u A./l. Co/l0BBEBBIM BBITyCKaET
monorpaduio «Maremarndeckue MeTobl B Teopun HajexkHocThy (1965 1). Ba muki pabor B
obnactu HajexkHoctu B.B. ['Heenko BMecTe ¢ OIMKANIIMMU CHOABUKHUKAME OBLT YJI0CTOEH
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Tocynapcrsennoii ipemun CCCP (1979 1.).

B cBasu ¢ 3ajgavamu najiexkuoctun bopuc BiaamMupoBrnd BHOBL BEPHYJICSA K UCCJIEIOBAHUIO
IIPEJIEJIbHBIX TEOPEM JIJI CYMM HE3aBUCUMBIX C/IyYafHBIX BEJIMYNH, HO YK€ B CJIYIalHOM YHUC/IE.
Ba o1 paborel emy npucyxaaercs npemust uM. M.B. Jlomonocosa mneppoii crenenn (1982 r.) u
npemus Muusysa CCCP (1986 r.).

Bopuc Brnamuvmuposuda obpalai BHUMaHUE HA MAaTEeMATUYECKHE TPOOJIEMbI CTPAXOBAHUS,
ydacTBOBaJI, 10 KpaiiHeil mepe, B omHoM ActuaoBckoMm KojutokBuyMe (ASTIN colloquium,
Sopot, 1969). I1o ero nHUIHATHBE U C €r0 AKTUBHBIM yYACTHEM HA MEXaHHKO-MATEMATHIECKOM
dakynbrere B 1993 romy Oblita OTKpbITa SKOHOMUYECKAs CIIEIUAI3aIns JIIs TOJATOTOBKY CITe-
[IAJIICTOB B 00JIACTU aKTyapHO-(DUHAHCOBON MATEMATUKHU.

Bopuc BuragumupoBud mpojio/izka HHTePecoBaThCA BOIPOCAMU MCTOPUU MaTeMaTuku. B
Pa3IMYHbBIX YKyPHAJIAX E€YATAJNCh €r0 CTATbU Ha 3Ty TEMY.

Cosmectro ¢ AWM. Mapkymesuuem B.B. ['nenenko pykoBoami paboToit cemuHapa 1o BO-
pocaM TIperoaBaHusl MATEeMATUKN B cpejHeil mkoe. OH TeCHO COTPYIHUIAJ C PEIaKITHIMI
KypHasoB «MaremaTnka B mKoje» u «BecTHuK BbIciieil mKojbly. VM ObLI0 OMyOIMKOBAHO
0OJIbIIIOE YUCJIO CTATel U KHUT 110 PA3JIMYHBIM ACIIeKTaM IIPeroaBaHus.

Bopuc Biiajumuposud 6611 n36pan MOYeTHBIM JOKTOPOM Bep/IMHCKOro yHUBEpCUTETa UM.
Cym6osbara (1976 1.), modeTHbIM TOKTOPOM AGUHCKOrO DKOHOMUYIECKOro yHuBepcutera (1993
r.), sieysiics wrenoM Kopostesckoro Crarucrundeckoro obmmecrsa (Bemmkobpuranust), wieHoM
PeJIKOJIIIET Uil Psifla OTEYECTBEHHBIX U 3apyOesKHBIX KYPHAJIOB.

C naubosiee mosabiM crimckoMm pabor Bopuca Biamumuposnda MOKHO MO3HAKOMHUTLCH B
Unrepuere (Electronic Journal «Reliability: Theory and Applications», http://www.gnedenko-
forum.org/Journal /2011 4.html ).

26-30 mrona 2012 roja Ha MexaHUKO-MaTeMaTudecKoM hakysibrere MoCKOBCKOTO rocyaap-
crBenHoro yHusepcurera umenu M.B.JIomonocoBa cocrosiach MexkryHapogHas KoH(pEepeHITUs
«Teopust BeposTHOCTEN U ee IPUIOXKEeHUsT», TTocBsdmenHasa 100-yietuto co aua poxaenus B.B.
I'uenenxo.

CeMb OCHOBHBIX CEKITUI KOH(MEPEHINN OTPaKAOT HAayYHbIE WHTEPEChl U JTOCTUKEHUSI
B.B.I'aenenko B pas/imaabIX 00/1aCTAX TEOPUHM BEPOATHOCTEH M ee TMPUJIOKEHUl, UCTOPUU Ma-
TEeMATUKNA U MaTEMaTUIeCKOTro obpaszoBanusd. B Jlok/aax KoH(pEpeHINN TPeJICTaB/IeHbl UTOI'N
Pa3BUTHUS €ro ujieil U pe3yJIbTaToB.
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Mexaynapojnas koudepeniius, nocssimentas 100-1eTuio co JHS pOXKIEHUS BbIJIAIOIIETr0-
¢ OTE€YECTBEHHOTO MaTeMaTHUKa, KJlaccuka Teopun BepodTHocreit B.B.I'nenenko, mpomuia ¢ 26
o 30 utons 2012 r. Ha MexaHuKo-MaTeMaTndeckoM dakyabrere MIY umenu M.B. Jlomonoco-
Ba. Opranuzaropamu kKoudepenruu spiagoTca MIY nv. M.B.Jlomonocosa, Maremarnaeckuit
nuctutyT nmenn B.A.CrexkyioBa PAH n MockoBcKkuit MHCTUTYT 9JIEKTPOHUKU U MATEMATHKH
(MIUDM).

B Ilpesuwauym Oprannzamnuonsoro n [Iporpammuoro komurera Bxogaar: B.A.Camosantnit,
B.B.Kozmos, FO.B.IIpoxopos, A.H.Illupser, B.H.Yybapukos, B.A.Kamranos.

Ha kondepennum mportiies1 psiji 9acoOBBIX IJICHAPHBIX 3aCEJaHUil C BHICTYIIJIEHUEM CIIEIIAA b=
HO TIPUTJIAIIIEHHBIX JIOKJIATIUKOB. Hay4unas TemaTnka KOH(MEPEHIINHN TTPEJICTAB/IEHa TaAKXKe Ha
3aceJaHuAX CEKITIL:

1. IIpenenbHbIe TEOPEMBI

2. CroxacTu4decKasi TeOpusl SKCTPEMYMOB
. Teopusi maccoBoro ob6cIy>KNBaHUS
. MaremaTtuueckasi Teopusi HaJe>KHOCTHA
. AkTyapHas maremaTuka
. Ucropusa maremaTuku
. IIpenogaBanne MmareMaTuKu
. Paznoe

Ha kaxkoit ceKnum 3ac/ylmanbl 45-MUHYTHBIE ITPUIJIANIEHHDBIE JTOKIAJIBI U 25-MUHYTHBIE
coobrmmenns. ODUIUATBHBIMA A3bIKaMi KOH(MEPEeHIINN ObLIN aHTJTUHCKUI 1 PYCCKUIi.
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Belyaev Yu.K., Statistical Models and Analysis of Interval Data Collected in Elicitation Surveys

International Conference
"PROBABILITY THEORY and its APPLICATIONS"
(Moscow, June 26-30, 2012)

Statistical Models and Analysis of Interval Data
Collected in Elicitation Surveys'

Yuri K. Belyaev?

Selected results obtained together with Bengt Kristrom are included in this
communication.

Evaluation of future possible prices of new improved market goods, or costs of retention
environmental quality, can be based on opinions of individuals randomly sampled from related
population . Special questionnaires are developed for such investigations. We propose a
novel two-step approach to elicitation in surveys and provide supporting statistical theory
for the models suggested. Each sampled individual is suggested freely to state any interval
with possible values of prices containing his/her true price which is optimal with respect to
individual’s utility function. These intervals are called self-selected and the true prices are
called willingness to pay (WTP-)points. The ends of self-selected intervals are numbers usually
rounded to simple sums of common values of coins or paper money. The essential idea is to
combine self-selected intervals obtained in a first step and then employ brackets generated
from the self-selected intervals in a second step. In this way we combine the advantages of self-
selected intervals, mainly related to the fact that the individuals often find it difficult to report
a precise point-estimate of a quantity of price, with the documented usefulness of brackets.
Because the brackets are generated from the first step sample we sidestep the thorny problem
of the optimal design of brackets and an additional assumption on possible dependency between
the self-selected intervals and their WTP-points of interest.

We introduce three basic assumptions and consider the following two-step design of data
collecting. In the first step randomly sampled individuals provide self-selected intervals that
contain their true WTP-points. Let n randomly sampled respondents, from a population P of
interest, have stated intervals y7 = {y1,....,¥n},¥i = (Y, Yri], containing their WTP-points.
Due to rounding, the same intervals can be stated by several respondents. All different ends
of stated self-selected intervals generate division intervals Vy = {vi,...,vx}. In the second
step of data collection we prolong random sampling of new (not yet sampled) individuals
from the population ‘B. In the second step each individual is to announce freely an interval
containing his/her WTP-point. If the interval was not stated in the first step then we do not
include it in the collected data. Otherwise we ask the respondent to select the division interval
containing his/her true WTP-point. The respondents may well abstain from answering this
second question and we will cater for these events in the collected data. Then ipso facto our
statistical inferences will be valid surely only on the subset of individuals in the population I3
who will state the same self-selected intervals already stated in the first step of data collection.
The coverage probability characterizes this subset. We suggest a low consistent estimator of
this probability. The collected data will be the list of triples {i,z;, NA}, or {i,2;,v;, } where i is
the current number of the requested individual, NA is "no answer"to the additional question,

!This work was supported by projects at the Department of Forest Economics, SLU.
2Swedish University of Agricultural Sciences (SLU) and Umea University.
E-mail: yuri.belyaev@sekon.slu.se
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z; is the stated self-selected interval and v, is the added division interval. We call the triples,
respectively singles and pairs.

It is possible to find consistent estimates of q; = {qu1, ..., @rk}, i-e. of the projection
WTP-distribution of interest on the division intervals V.. We obtain the statistical model with
the log likelihood function corresponding the collected list of data with pairs and triplets.
The parameters are probabilities in the vector qy.. Their ML-estimates ¢;,j = 1,...,k, are
consistent and efficient. We find these ML-estimates. By applying independent resamplings
from the data collected in the second step we obtain consistent estimate of the normalized
covariance matrix of the ML-estimators deviations from the true values q,.. The application of
resampling methods is possible because the statistical model possesses the standard regularity
properties.

References

[1] Belyaev Y.K. and Kristrom B., Approach to Analysis of Self-Selected Interval Data. CERE
WP2, 2010, p. 1-34.

[2] Belyaev Y.K. and Kristrom B., Analysis of contingent valuation data with self-selected
rounded WTP-intervals collected by two-step sampling plans. Proceedings of the 9"
Conference on Multivariate Statistics. Tartu, 2011, pp 14. (In print).

[3] Belyaev, Y. and Kristrom B., Two-Step Approach to Self-Selected Interval Data in
Elicitation Surveys, 2012, pp. 45.(Submitted).
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Bingham N.H., The worldwide influence of the work of B.V. Gnedenko

International Conference
"PROBABILITY THEORY and its APPLICATIONS"
(Moscow, June 26-30, 2012)

The worldwide influence of the work of

B.V. Gnedenko
Nicholas H. Bingham!

We shall discuss the woldwide influence of the work of B. V. Gnedenko (1912-1995). The
plan of the talk is the following:

1. Early work: limit theorems

2. Early work: maxima

3. Reliability and queueing theory
4. Empiricals and statistics

5. Books

6. History of mathematics

7. Some reminiscences.

Imperial College London, Department of mathematics. E-mail: N.Bingham@imperial.ac.uk
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Plenary Lectures

International Conference
"PROBABILITY THEORY and its APPLICATIONS"
(Moscow, June 26-30, 2012)

Gnedenko’s Classical Theorem and Modern
Problems of Renewal Theory!

Alexander A. Borovkov? and Konstantin A. Borovkov?®

Gnedenko’s classical local limit theorem for sums S, = & +--- + &, of i.i.d. r.v.’s §; and
its analogs for non-lattice distributions, together with large deviation bounds, prove to be
crucial for establishing the asymptotic behaviour of the sums )" -, a,P(S, € [z,2+ A))
as £ — 00, where we assume that E¢; € (0, 00) and {a,,} is a numerical sequence satisfying
broad assumptions on its “behaviour on average”, and A > 0 is fixed. The novelty is not
only in much broader conditions on the weights {a, } compared to the known results, but
also in that neither the jumps &; nor the weights a; need to be positive.

Let {&;};>1 be a sequence of i.i.d. random variables with a c.df. F, S, :==& +---+&,, n > 1.
In 1948-1949 B.V. Gnedenko proved the following remarkable fact (see §§ 49, 50 in [3]): if &;
are arithmetic, E§]2 < oo or §; belong to the domain of attraction of a non-normal stable law
(so that (S, — a,,)/ B, converge in law for some sequences {a,}, {3,}), with density ¢, then

Jim sup [P (Sn = k) = ((k = an)/Bn)| = 0.
In the mid-1960s, the result was extended to the non-lattice case by L.A. Shepp and C. Stone
in the form of “integro-local limit theorems” providing uniform (in both x € R and A from
finite intervals bounded away from 0) approximation to probabilities P (S, € (z,z + A]).

Not only did these local/integro-local theorems provide deep insight into the nature of
convergence in the classical limit theorems, but they also proved later to be powerful tools in
establishing exact large deviations results (see e.g. Ch.6 in [1]).

Moreover, as discussed in our talk, these theorems also play important role in extending
the result of the famous Blackwell renewal theorem to answer the following question that is
of interest in a number of applications: assuming that p := E£ > 0 and {a,} is a numerical
sequence, what is the asymptotics, as * — oo, of the quantity

h(z,A) := ianP(Sn € [z, 2+ A)).

n=1

There is a substantial literature devoted to studying the asymptotics of >~ a,P(S, < x)
and h(z,A) as x — 00, recent surveys and further references being available in [4, 5]. Of
the known general results, the following assertion stated as Theorem 6.1 in [4] is the closest
to the topic of our research: If the sequence {a,} is reqularly oscillating in the sense that

!This work was supported by the President of the Russian Federation Grant NSh-3695.2008.1, the RFBR
Grant N 08-01-00962 and the ARC Centre of Excellence for Mathematics and Statistics of Complex Systems.

2Sobolev Institute of Mathematics, Ac. Koptyug avenue 4, 630090 Novosibirsk, Russia, and Novosibirsk
State University. E-mail: borovkov@math.nsc.ru.

3Department of Mathematics and Statistics, The University of Melbourne, Parkville 3010, Australia. E-mail:
borovkovQunimelb.edu.au.
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Borovkov A.A., Borovkov K.A., Gnedenko’s Classical Theorem and Modern Problems of Renewal Theory

limg oo, 2/y—1Gz/ay = 1 (We use the convention that b, := b, for a sequence {b,}, where
| ] is the integer part of x) and, as v — oo, one has
P >x)=o0(a,/A:), where A,:=a;+as+ -+ ay, (1)

A
then, in the non-lattice case, for any fivzed A > 0 one has h(x,A) ~ — a,, as © — oo. Here

~ denotes asymptotic equivalence (f(z) ~ g(z) iff f(x)/g(x) — 1 as x — 00). An analogous
relation holds under the same assumptions in the arithmetic case as well (Theorem 3.1 in [4]).
These results are direct extensions of the celebrated Blackwell theorem in Renewal Theory that
describes the asymptotics of h(x, A) as © — oo in the case where a,, = 1.

We establish asymptotics of the above-mentioned form under much more general conditions
on {a,}, allowing & to assume values of both signs. First we consider two cases that can be
treated using the same approach based on the integro-local theorems and some large deviation
bounds from [1]: the case of finite variance, and the case where F' belongs to the domain of
attraction of a stable law with index o € (1,2). About the weight sequence we assume that
it is “1-locally constant on average”, i.e. when, for a fixed non-decreasing function ¥ (t) > 1,
t > 0, there exists an r.v.f. d(t) such that d(t) = o(x(t)) as t — oo and the “averaged sequence”

. 1
an.—@ Z Clk;>0

n<k<n+d(n)

is 1)-locally constant (see Definition 1.2.7 in [1]): limy,— e Gptvp(n)/@n = 1 for any fixed v € R.
For such sequences, provided that an analog of (1) holds with {a,} replaced by {a,} (and a
couple of further broad conditions are met), we demonstrate that

h(z, A) ~ a Agjps T — O0. (2)
I

We also obtain necessary and sufficient conditions for (2) under the assumption that E £ < co
and the tails of F' are of “locally regular variation”.

Finally, we establish the asymptotics of h(z, A) under the assumptions that F' satisfies the
moment Cramér condition and a,, = b,e?, where {b,} is a ¢-l.c. sequence with ¥ (t) = v/,

b, = O(b,,), and ¢ = const.
For precise formulations of the above-mentioned results and their proofs, see [2].
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Plenary Lectures

International conference
“PROBABILITY THEORY and its APPLICATIONS”
(Moscow, June 26-30, 2012)

A dynamical competing risks model for filtering
reliability and tracking survivability

Nozer D. Singpurwalla !

Should probability be the sole basis for reliability theory? In this talk I wish to propose a
paradigm change in reliability theory, to which the likes of Gnedenko, Kolmogorov, Belyaev
and Soloyev have contributed much, by suggesting that a satisfactory mathematical theory of
reliability is achieved by making probability work in concert with Popper’s notion of propensity.
A theoretical framework for doing so is provided by deFinetti’s theorem on exchangeable
sequences.

To illustrate my point of view, I consider the quintessential problem of reliability growth.
This problem which arises in the actuarial, the biomedical, and the engineering sciences best
viewed as a dynamical system. In the framework considered here, it is analyzed by filtering
reliability, which is now viewed as a propensity, and tracking survivability which is interpreted
as a probability. This framework, which is one of interpretation, may have a broader appeal in
other contexts wherein filtering and tracking are done.

!The George Washington University, Washington, D.C., USA. E-mail: nozer@gwu. edu
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Ceknus 1. Ilpejiesibable TEOPEMBI

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 ntonst 2012 rona)

(I)OpMyJ'IbI AJId ITPOMU3BOAAIIITX d)YHKI_II/Iﬁ B 3a/1a4e
O IIOKPbLITUN ,Z[I/ICerTHOﬁ OKPY2KHOCTH
Bagum A. ABnees!

B pabore obcy:KmaeTcss IUCKPETHBIN aHAJIOT 33 a9K O IIOKPHITHN OKPYKHOCTH € TNHIUIHOI
JUIMHBL 1 CJIyYalHBIMUA JyTaMU JIJIAHBL .

1 Bsenenme

3ajiatn, CBI3aHHBIE C MOKPBITHEM OKPYXKHOCTH €IMHUIHON JJIMHBI 1 CIAYyIallHBIMU JTyTaMu
JUTUHBL (v, SIBJSIOTCH KJIACCUIECKUMH U U3YYAJTUCh OOJILITUM KOJUYECTBOM aBTOpOB. Eie B
1897 rojy moso6HBIMEI BOIIPOCAME 33/IaBaJICd Y UTBOPT B CBOel Kuure [1].

Crusenc B pabore [2] 1939-ro rojga 6bLI IEPBBIM, KTO HAIIET TOYHYIO (DOPMYJIY JJisi BEPO-
ATHOCTH TIOJTHOTO TTOKPBITUST OKPYZKHOCTU B 9TOM CJIyvae:

plns) =3 -1F ()4 = k)

k=0

JuckperHble BapHaHThI 9TOI 387291 pACCMATPUBAIN B CBOUX CTaThax XoJscr [3], VBuen-
ko [4] u FOite [5].

B mamnoM J10K/1a/1e paccCMaTpPUBAETCs CIeAYIOMAas MOAE/Ib HOKPBITHS: IIyCTh UMEeeTCs k sde-
€K, PACIIOJIOKEHHBIX Ha OKPY2KHOCTHU M 3aHYMEPOBAHHBIX YncJIaMi 1, . . ., k 110 9aCOBOIl CTpeJIKe.
Bynem n pa3 BeiOnpaTh paBHOMEPHO W HE3aBUCUMO OJIHY U3 HUX W KJIACTb B 1M MOCJIEIYIOIIIX
sgJeeK, HadWHas ¢ Hee, 1O dacTurle. Kak MOKHO BBIYHCIUTH BEPOSTHOCTH ITOJTHOTO ITOKPbI-
THS OKPY>KHOCTH, TO €CTh TOI'0, UYTO B KaxKIOW sdeiike OymeT HaXOAUThCA KaK MUHUMYM OJIHA
JacTUra?’

2 OcHOBHBIE PE3YJ/JIbTAaTbl

e e m
B macrosimeit pabore mccie10BaHe JAHHOM BEPOSTHOCTH CBOJNTCH K BhIYuCaenuio fi'(n) —
KOJIMIECTBA YIIOPSI0UYEHHBIX CIIOCOOOB BHIOPATH N TOUEK HA OKPYKHOCTU TaKUM 00Pa3oM, UTO-
OBbI B pe3ysbTaTe UMEIOIIEro MMpolecca OHa OblIa MOJTHOCTHIO MOKPLITA!

PR(n) = (),

rue f,z”(n) YIaeTcs NPEJICTaBUTh B BUAJAE CYMMBbI CIIEIIMAJIBHOIO BHUJIA:

k

fir(n) =Y t1S(n, ) (1)

t=1

' MockoBckmit rocymapcTsennbril yausepeuTeT mM. M.B.JIoMOHOCOBa, MEXaHHKO-MATEMATHICCKH (BaKyIh-
ter. E-mail: avdeev.vadim@gmail.com
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Asdees B.A., PopMyJIbl JijIsi TPOU3BOISNIUX PYHKIMIA B 33/1a49€ O MOKPBITUN JUCKPETHON OKPYKHOCTU

B srom npejacrasiaennn S(n,t) — unciaa CTHpAuHra BTOPOro poja, u i (t) — KOJIMYIeCTBO
BCEX TaKUX (-TIOJIMHOYKECTB k-3JIEMEHTHON OKPYKHOCTHU, BCE PACCTOAHUS MEYKJLy COCEIHIMU
TOYKAMU KOTOPBIX HE OOJIbINe, YeM M.

OCHOBHO}T PE3y/ILTAT COCTOMT B TOM, UTO C HOMOIILIO 9TOTO mpejcTasienus s fi(n)
HAXO/INTCs MTPOU3BOJIAIIAA (PYHKIUS 110 TapameTpy k:

+oo
1—(m+1)z™+ ma™ x— ™!
m k
= Li, | ———— 1
2 S = ey Lo (T @

(3nech Liy(z) — dynxmus nommnorapudbya: Lig(z) = S°,7°F f—;) U 1pou3BodAIast MYHKIU 110

rmapamMeTpaM k U n OJITHOBPEMEHHO:

*Z“’ frptls = @ (m Damt 4 ma™?) (0 — 1)
n!

= S R P YT ) §

[Ipu m = 2 MOXKHO BBITUCATH B IBHOM BHJIE U IIPOU3BOJIAIILYIO (DYHKIIUIO IO ITapaMeTpy N

ffﬁ(n)ﬁ - (ey— 1 — e + 2e¥ _3>k+ (ey — 14+ Ve¥ +2ev —3>k
n! )
n=1

N 2 2

Ucnonezys (1), masa f7'(n) yraercsa 10Ka3aTh CIEAYIONLYIO ONEHKY CBEPXY:

m 1. m B n! 1 m
fitn) < Gliza <m+ 1) C2(ln (14 1)) T (m—+1> ’

rjae
+o0
— (n+t+1)t!

u B; — uucna beprymm.
Asrop BeIpazkaer 6siaromapaoctb A.M.3yOKOBY 3a MOJIE3HbIE 3aMEUaHUsT U TPE/JIOZKEHUSI.
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TeM., 1994, 1. 6, N 3, c. 94—109.

[5] Huillet T., A Bose-Einstein approach to the random partitioning of an integer. J. Stat.
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Ceknus 1. Ilpejiesibable TEOPEMBI

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 ntonst 2012 rona)

006 “sproamyeckom” ypaBuenun Ilyaccona c
MAaJIbIM IIOTEHIIIAJIOM

Csetsana B. Anynosa!, Anekcanap FO. Beperenaunkosn?

YcranossieHO BEPOATHOCTHOE IIPpEACTaBJICHHUE PEHICHHsA YPaBHCHHA HyaCCOHa C MaJIbIM
SHaKOIIEPEMEHHBIM ITOTECHIIAJIOM.

1 Bseaenne

Vpasnenne Ilyaccona B R? “Bo BceM mpocTpancTse” /s 3JIIMITHYECKIX OIIEPATOPOB

1 02 ;o\ 0
Lu—cu=—f, L:§Zaij(x)m+26(x)axi (1)

Urpaer BaxKHYIO POJIb B TEOPHHU ycpeHeHus u quddy3noHHOi annpokcnmanu, cM. |3, 4, 5| n
Jp. BonbmmuacTBo pador 06 ypasuenun [lyaccona mocsginero ndo 3ajadaM B OTPAHUICHHON
obaacru, 6o 3agadam ¢ ¢ = 0 [2] u ap., 6o ¢ ¢ > ¢y > 0. Ha yposre dosbkiopa “xoporio
U3BeCTHO” (& JIist OrPAHUYEHHBIX 00JIaCTel 3BECTHO Ha CAMOM JIEJIE), YTO: eCJIH CYIIeCTBYIOT 1)
00HopodHwItl Mapkosckutl muddy3uoHHbI potiece ¢ rerepatopom L (Xy, t > 0) u 2) permenue
(1) u B momxomsmeM byHKIMOHATIBHOM IIPOCTPAHCTBE, TO U () PABHO

E, /0 " exp(— /0 () ds) f(X) dt /0 T B, exp(— /0 () ds) [ d (2)

Cy1ecTBYIOT MOJIEIN, B KOTOPBIX HEOOXOIUMO OCJIa0UTh OrpaHuYeHne Ha MOTEHIUA ¢, pa3pe-
IIUB eMy OBITh “BCEro JIMIIb HEeOTPUIATEbHBIM WJIH JaKe 3HAKOIepeMeHHbIM. Takoil Bompoc
TaKzKe UCCIIeIOBAJICS, CM., B YacTHOCTH, [6]. O1HAKO, TOCTATOUHBIE YCIOBHS CXOAUMOCTH HHTE-
rpaiioB B (2) npu ¢ # 0 6e3 inf ¢ > 0 aBropam HemsBecTHBI. B HacTOsAIIEM J0K/Ia/€e ITpe/ara-
€TCsl MIPOCTOE JIOCTATOYHOE YCJIOBHE JIjII HEKOTOPOI'O KJIacca “SproJinvecKux’ ornepaTopos L u
“MaJibIX” MMOTEHIHAJIOB ¢. BO3BMOXKHO, 9TO pe3y/IbTaT TaKOro poja U3BECTEH B CTATUCTUYIECKO
MeXaHHUKe, HO ¥ B TAKOM CJIydae OyIeT MOJIE3HO UMETh SIBHO COPMYINPOBAHHbBIE JIOCTATOYHBIE
YCJIOBHUSI HEIIOCPEICTBEHHO B Teopun ypapHeHuii [lyaccona. 1o u sBiisgeTcs 1eibio pabOTHI.

2 OcHOBHOII pe3yJIibTaT

Pajiu mpocToThl M3JI02KEHUS TPEIIOI0XKNAM, 9TO GyHKIHA f orpanumdeHa. Majoctb (pyHKIII
¢ OyzeM IMOHUMATDh B CJIEAYIOIMIEM CMbICIE: CyIllecTByeT KoHcTanTa > 0, f — 0, Takas, 910
c(x) = Pey(x), tae ¢ — dbukcupoBanHas 3a1aHHas GyHKIWUA. s TIPOCTOTHI IPEIIOIOKIM
TaKKe OrPAHUIEHHOCTD (1.

'NucruryT mpobsem ynpasirenus, Mocksa, Poccus. E-mail: anulovas@ipu.ras.ru
2Vuupepcuter Jlunca, Bemukobpuranng u NucturyT mpobiem mepenaan madopmannn, Mocksa, Poccus.
E-mail: a.veretennikov@leeds.ac.uk
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Anynosa C.B., Bepemennuros A.FO., O6 “sprommueckom” ypasHeHuu llyaccoHa ¢ MaJIbIM IIOTEHIMAJIOM

Teopema 1. IIycmo mampuuya Ouddysun pasHOMEPHO HEGLLPOAHCOEHA U PAGHOMEPHO 02PAHU-
wena, 6bNOAHEHO Yeaosue muna bosvwus yraonerud (cm. [1])

llim (b(x), z/|x]) = —o0, (3)

|z|—o0

cywecmayem Henpueodumvlll 00nopoduuti maprosckut npouyece (X, t > 0) ¢ 2enepamopom L
U eAuHCMBENHOT, BEPOAMHOCNHOT UHBAPUAHMMHOT MEPOL 4, C1 02PAHUMENHE U

/cl(x) p(dx) > 0. (4)

Tozda natidemes maxoe By > 0, wmo npu mobom 0 < B < By u ¢ = (e daa moboti oepanu-

wennol f emopot uumeepa/t 6 (2) cxodumcs u onpedeasem pewenue ypasuenus (1) 6 xaacce

2, OC
coborescruxr pynryuti Wy

3 Cxema AO0Ka3aTeJIbCTBa CXOANMMOCTU MHTEIr'paJia

B cuty orpanudennoct f 10CTaTOMHO OKA3aTh, 9o GyHkims E, exp(— fo s) ds) yObiBaeT
10 ¢ 9KCHOHEHIMAIBbHO ObIcTPO. B npesmonoxenun (3) npu Beex [ cyliecTByer Hpeﬂen
H(B) = Jim Hy(B), Hp() = B, exp( / X,) ds)

(cm. mampumep, [1]). @ysxmms Hp(5) muddepenmupyema, a 1o teopeme leprrepa-Diumca
cymecteyer H'(0) (cp. [1]). O6e dyuriuu Hp(() n H([) SBISIOTCS BBITYKIBIME, TO9TOMY
U3 MX CXOAMMOCTHU CJIEIYeT U CXOLLI/IMOCTB UX IIPOM3BOJHBIX TaM, TJE €CTh 3TH NPOU3BOIHBIE.
Paz H.(0) = 7E, fOT c1(Xs)ds — [ei(x) p(dzx) > 0, o H'(0) = [c1(z) p(dr) > 0 u, 3na-
aur, H(—() < 0 upu manbix 5 > 0. CTaJIo 6biTh, Hp(—/) npu maneix § > 0 cxomuresa K
OTPHUIATELHOMY TIPEJIETY, YTO U JOKA3BIBAET CXOIMMOCTH BTOPOTO MHTErpaia B (2).

Crcok anreparyphl

[1] Bepemennuros A.FO., O 6oabmux yKIOHEHUAX ist udDDY3NOHHBIX POIECCOB ¢ U3MEPU-
MbIMI KO3dpurimentamu. Ycrexu marem. Hayk, 1995, 1. 50, Ne 5, c. 135-146.

2] Bepemennuros A.FO., O coboseBcKuX pemnennsx ypapnenns Ilyaccona B R? ¢ mapameTpoM
y y
(K 70-steruto npodeccopa H.B.Kpbuiosa). I[Tpobsiembr MmaTemarndeckoro anaiusa, 2011, 1.
61, c. 43-68.

[3] Kifer Yu., Large deviations and adiabatic transitions for dynamical systems and Markov
processes in fully coupled averaging. Memoirs Amer. Math. Soc. number 944. Providence,
R.I.: AMS, 20009.

[4] Papanicolaou G.C., Stroock D., Varadhan S.R.S., Martingale approach to some limit
theorems. Papers from the Duke Turbulence Conference (Duke Univ., Durham, N.C., 1976),
Paper No. 6, ii4+120 pp. Duke Univ. Math. Ser., v. III, Duke Univ., Durham, N.C., 1977.

[5] Pardouz E., Veretennikov A.Yu., On the Poisson equation and diffusion approximation, L.
Ann. Probab., 2001, v. 29, N 3, p. 1061-1085.

[6] Nummelin E., On the Poisson equation in the potential theory of a single kernel. Math.
Scand., 1991, v. 6, p. 59-82.

19



Ceknus 1. Ilpejiesibable TEOPEMBI

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 ntonst 2012 rona)

006 acuMOTOTUYIECKOM pacHpeaeeHnn
II0CJIeIOBATEJIbHOCTEN CaydaiiHbIX BEJIMYUH CO
CJIy4ailHbIM UHIEKCOM

Xaiigapaiu M. Apunos, A6aycynnar A. JI>kamupsaes !

B pa6ore obobmaercst ogun pesyabrar ®.2K. AHckoMbe 0 mpeaeabHOM pPaCIpeseIeHun
OCJIE€JOBATEIBHOCTE CIIyYalHbIX BEJIUYUH CO CIIYYalHbIM MHJIEKCOM.

1 Bseaenne

[Iycrs Ha BepositHOCTHOM TipoctpancTse {2, F, P} 3a1anbl 110c1e10BaTeIbHOCTH CIIy YailHbIX
sesmand (¢.B.) {n,} u {v,}, vae {v,} - mocienoBaTEILHOCTD TIOIOKUTETBHBIX TIEJI0UNCIEHHBIX
c.B. ©.2K.Auckombe [1] moKazar cieyonLyo Teopemy.

Teopema 1. (F.J.Anscombe, 1952) [Tycmv svinoanenv, caedyroujue yeao6us:
(A) Cywecmsyem nocaedosamesvHOCMb YeAbT wuces k, makas, wmo npun — 0o, k, —

O U
Un »p

ky, ’

(B) Cywecmeyem ¢ynruyua pacnpedeaenus F (x) maxas, wmo

lim P{n, <z} =F(z) VeeC(F),

ede C (F) — wmmoorcecmeo mouex nenpepvisnocmu F (x);
(C) Aaa mobvix e > 0, g9 > 0 cywecmeyrom wucao ¢ = c(e1,63) > 0 u Homep ng =
no (£1,€2) makxue, wmo npu n > ng

P { max |, — | = 51} < 9.
|k—n|<cn
Toz0a
lim P{n, <z}=F(x) VereC(F).

Psn pabor A.Pempu, B.Puxrtep, C.I'yamy, II1.Yépro, .Momsopomu, T.A.A3znapos,
A.A.JlxxamMup3aeB u JPyTuX, MOCBANIEHBI OO00IECHIIO TeOPEMBbI 1.

Hanpuwmep, B.Puxrep 2] nokazan Teopemy 1 s ciaydasi, korga {n,} obiagaer cBoiicTBOM
nepemernuBanust B cMbicyie A.Perbu, T.e. ns moboro A € F, P (A) > 0,

,}LIEOP{U”<QU’A}:P(A)'F($)’ Ve e C(F)

" v > 0, rae vy — auckpernag c.s. M.Moaboposiu [3] 0606mm pesyabrar B.Puxrepa [2]
Ha cJIydaii, Koraa 1y — Heobsa3aTe/IbHO AUCKPETHAA C.B..

pesummym Axamenms Hayk Ya6exucrama. E-mail: khaidarali@mail.ru; Hamuomaapuerii YHIBEpCHTET
V3b6ekucrana um. Mup3o Yiyroeka, mexanuko-maremarndeckuit dakynprer. E-mail: djamirzaev@rambler.ru
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Apunos X.M., ocamupsaes A.A., O6 aCHMITOTHIECKOM PACIPEJIEIEHUH [T0CIE0BATEILHOCTEH

2 OcHoBHbBIE Pe3YJIbTATHI

[Iyctb 0 = 0 (§) — o-anrebpa coObITHI, TOPOXKIeHHAs C.B. . B paboTe j1oKa3aHa cJieryomast

TeopeMa 2. Hycmb GOIMONAHEHDL YCAOBUE (C) u c./Ledy}ouwe:
(Al) C’yugecmsymm N0CACI0BAMEALHOCTVD UENABLT YUCEN ]i]n maxasd, 4mo npu n —
o0, kn — OO U C.6. Vg makras, 4mo npu n — o0
Vn p

— =1y > 0;
kn 0 )

(B1) Cywecmeyem gynruus pacnpedeaenus F (x) makas, wmo das aobozo A € o (1),
P(A) >0,
lim P{n, <z/A} =F(z) VexeC(F).

Toz0a
lim P{n,, <z}=F(x) VYxeC(F).

3aMeTHM, 9TO B TeopeMax 1 M 2 He IpeIoJaraloTcs He3aBUCUMOCTL U, OT 1),. Cremyer
OTMETUTH, YTO TeopeMa 2 0bobiaer pesyabrarbl pabor [1-3].

Crmcok aurepaTyphl

[1] Anscombe F'.J., Large-sampl theory of sequential estimation, Proc. Cambridje Phil. Soc.,
1952, v. 48, N 4, p. 600-607.

[2] Richter W., Ubertragung von Grenzaussagen fiir Folgen von zufélligen Gréssen auf Folgen
mit zufalligen Indizes. Teopus Beposat u eé npum., 1965, 1. 10, B 1, c. 82-83.

[3] Moguorodi J., Limit distributions for sequences of random variables with random indices.
Trans. 4 thPrague Conf. Inform. Theory, Statist. Decis. Funet. Random Procese, 1965,
Prague, p. 463-470.

[4] Jorcamupsaes A.A., O cBoiicTBe epemermBanusi B cMbicsie A.PeHbl JJIs1 CTATHCTUKY KPU-
Tepus ogHopoaHocTH. CTaTUCTUYECKe METO/IbI OIIEHUBAHNS U [IPOBEPKU TurioTes. [lepmb,
[Tepmckuit ['oc. Yuus., 2008, Boir. 21, c. 33-37.
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Ceknus 1. Ilpejiesibable TEOPEMBI

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 utonst 2012 roza)

dMOupudeckue Npolecchl B aBTOPErpecCuOHHbIX
cxemax c BeioOpocamu. Pobactabie GM-TecThbl
Bosagun M.B., Ecaymnos JI.M.!

B mokmame mpepcTaBieHbl HOBbIE Pe3y/IbTaThl 00 ACHMITOTUIECKAX PABHOMEPHBIX Pa3JjIo-
JKEHHUSIX OCTATOYHDLIX SMIMPUIECKUX IIPOLIECCOB B aBTOPEIPECCUOHHBIX CXeMaX C BLIOpoca-
MU B HabOeHUAX. Pe3yIbTarhl IPUMEHAIOTCS K UCCISTOBAHUIO POOACTHOCTH 00OOIICH-
ubix M-recros (GM-TecToB).

B pabore mpojoKaTea nccaeoBaHng pOOACTHOCTH CTATUCTUIECKUX TECTOB B CEMUIIa-
paMeTpUIECKUX MOJIEJISIX BDEMEHHBIX PsJIOB (T.e. Jisl 3aBUCUMBbIX JIAHHBIX ), HadaTbie B [1, 2|.
Pajin kparkocTu chopMyIupyeM HEKOTOPBIE Pe3YJIbTaThl IPUMEHUTEIHHO K npocreiineit AR(1)
MOJEJIN

Uy = 5ut—l + Ety S Za (1)
rje {e;} — H.0.p.c.B. ¢ HemsBecTHbIMEU dyHKIMeH pacupejesenus (b.p.) G 1 NIOTHOCTHIO ¢,
Ee; = 0, Ee? < oo; |B] < 1, B —meussectubiii napamerp. Habmmonenus yo, yi, - - - , Yy UMEIOT
BT

vy =us +2/"&, t=0,1,...,n. (2)

B (2) {u;} — BbiGopKa u3 cranmonapuoro pemenust (1); {2z/"} — H.0.p.c.B. ¢ pacupeeneHnem
Bepny/mm ¢ mapamerpoM 7, = min(1,n~/2), v > 0 menssecrno; {¢,} — n.0.p.c.B. ¢ HeU3BECT-
HBIM U POU3BOJILHBIM PACIIpeie/ieHueM (; nocaenosareabuoctn {u}, {2/}, {&} nezasucumbr
Mex ity coboit. [TocseoBarebHoCTh {&; } UHTEPIPETUPYETCs KAK TI0CIIEI0BATETLHOCTD ITPYObIX
BBIOPOCOB (3aCOpEHMIt), 7, — YPOBEHb 3aCOPEHUSL.

[To mabuogenusm {y;} Gymem npoepsith runoresy Hy : [ = [fy IPOTHB, CKaXKeM, PaBO-
croponneit anprepuatusbl Hy @ 3 > (y. MomuocTsb Tecta Gy/1eM UCCIeJ0BaTh IPH JTOKATLHBIX
anprepuaTusax Hy, (1) : = By := fo+n~27,7 > 0. YiobHo B nasbneiinteM nogarars 7 > 0,
tak uro Hy,(0) ects Hy. Kpome toro, myctb n > n,, rje n, €cTb HAUMEHbIee HATYPaJIbHOE,
upu KoTopoM |3,| < 1 miag Beex n > n,. Ilycrs

(o) =2 " o(ye 1)ty — Boye ) = /_00 V(@) dun(z, Bo), (3)
un(, Bo) =072 o) Uy — Boyr-1 < @), (4)

I(-) — unmukarop cobbitus, x € R'. Tponece u,(x, By) B (4) — OCTATOUHBIH B3BEINEHHbIH M-
nupudeckuii nporece, GYHKIUN ¢ U 1) BBIOGHPAIOTCSH AlPHOPHO B COOTBETCTBHUHU C ONUCAHHBIMU
nastee yeaosusamu. Tecrosoit cratucrukoit qyst Hy Bo3bMeM

T = To(B0) = 3, (Do), 85 =1 > @ ()0’ (% — Boyrr).
t=1

' MockoBckmit rocymapcTsennbril yausepeuTeT mM. M.B.JIoMOHOCOBa, MEXaHHKO-MATEMATHICCKH (BaKyIh-
teT. E-mail: boldin_m@hotmail.com, daniel.yesaulov@gmail.com
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boadun M.B., Ecayaos JI.M., DMrupudecKkue mMpOIECCHl B aBTOPEIPECCHOHHBIX CXEMAX C BhIOPOCAME

Tecr co crarucrukoit 1, — Bapuant GM-recra. Coornomenus (3)—(4) MO3BOIAIT cBeCTH
ACUMIITOTHIECKOE UCCICIOBAHNE CTATUCTUKY T, K HAXOXKJCHUIO ACUMITOTHICCKAX PABHOMED-
HBIX PA3JI0KEHUI SMITUPUIECKOTO TPOIECca Uy, (T, Fy). DTH Pe3yJIbTaThl JTOBOJHHO TPOMO3IKH
nmaxe B caydae AR(1), mosTomy octaBuM TOUYHBIC (DOPMYJIHPOBKU I JOK/IAA. 3/€Ch OIH-
mem ux npuiaoxkenns. Ham nonanobarces caeaytomme yenosust. [lyers {ul} — crammonapnoe
perenne (1) mpu Hy.

Vceaosue 1. G apaxibl auddepeniupyema ¢ npousBoHOI g, sup, |¢'(x)] < oo.
Venosue 2. sup, |p(z)] < oo.
Vceaosue 3. Bapuanus Var |* [¢)] < oo, Ei(e;) = 0.
VYenosue 4. Ai(Gy) = E[ule(u))] [7 g(x)dy(x) > 0.
[IycTn
Ao (B0, 1) = Ep(u)E(e1 + &) + Ep(ul + &) (g2 — Boba),
3(7, s 1) = 8(Bo, 71, 1) = {EQ ()9 (1)} (A1 (Bo) T + D2 (o, 1))
Teopema 1. Ilycmv sepra Hy,(7), 7 > 0. Ilyems ewnoanenv, ycaosus 1—4, a 6 cayuae

T > 0, edobasox, pynrkuyuu p(xr) u Y(x) nenpepvsno. Toeda pasromepro no 0 < v < T' wu
npoudsosvnvim . cmamucmuka T, cxodumes caabo x N(5(T,7, 1), 1), n — oc.

B cuny Teopembr 1 tpu v = 0 npu runoreze Hy T, 4N (0,1), n — oo. OrBeprars H,
6ynem tipu T,, > t1_4, t1_o — KBAHTWIb CTAHIAPTHOI TayccoBekoii d.p. ®(x) yposus 1 — . B
cxeme 6€3 3aCOpeHUH TaKoi TeCT MMeeT aCUMITOTHYECKUi ypoBeHb . IIpu mpousBoILHOM 7y
ero MorHocTh Ha Hy,(T) ects W, (7,7, i) := Ps, (T}, > t1_a)-

CaeacrBue 1. B ycarosuaz meopemnv, 1 pacromepro no 0 < v < T' < 00 u npoussosvHvim (i
Wi (T, v, 1) = W(r, v, 1) :=1—®(t1_o0 — 0(1,7,1t)), n — oo.
CuenicrBre 1 Biieder CJIELYIONIYIO TEOPEMY.

Teopema 2. ITycmv vinoarenst ycarosus meopemo. 1. Tozda

sup |Wn(7_777 :u) - WN(T7 07M)| —0, v—0 (5)
n>nr, M

B cuy (5) cemeiictBo moraocreit { W, (7,7, () } paBHOCTEIIEHHO HEIPEPHIBHO 110 7y B TOYKE
v = 0. Mer unrepnperupyem (5) Kak JOKaJIbHYIO KadecTBeHHYI0 pobacTHOCTh GM-TecTa mpn
yenoBusix 1—4. Otmernm, 910 00IIeymoTPeOUTEBHBI TeCT HAMMEHBITNX KBAJPATOB, MOy Ya-
emblit ipu p(z) = ¥ (x) = x, CBOICTBOM JIOKAJIBHOI KadeCTBEHHON POOACTHOCTH He 00JIa/Iaer.
Ornpejiesienne JIOKAIBHON KadeCTBEHHOH POOACTHOCTH Jisi CXeMbl 3acopenust tuna (2) 6bL1o
BBesieHo B [1]. OHO POJCTBEHHO OBIIEN3BECTHOMY OIPEJIEJCHUIO KaYeCTBEHHOI POoOaCcTHOCTH

TECTOB B HEJIOKATHHON CHUTYaIUy JIJIs H.0.p. JAHHBIX, BBEJICHHOMY B [3].

Crmicok auTepaTyphl

[1] Boldin M.V., Local robustness of sign tests in AR(1) against outliers. Math. Methods
Statist. 2011, v. 20, p. 1-13.

[2] Ecaynos /.M., Pobactaocts GM-rectoB B aBrOoperpeccun npotus Beiopocos. Becra. Mock.
Yu-ta. Cep. 1, Maremaruka. Mexanuka. 2012, N 2, ¢. 47-50.

[3] Reider H., Qualitative robustness of rank tests Ann. Statist. 1982, v. 10, p. 205-211.
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Ceknus 1. Ilpejiesibable TEOPEMBI

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 utonst 2012 roza)

JIByxTuimHble npoiecchl beaamana-Xappuca,

cTapTylolye ¢ 60JIbIIOro YUCIA YaCTHUIL

Baaguvmup A. Baryrun,” Banentun A. Tomunmii®

B nokname Oymer ommMcaHO AaCUMIITOTUYECKOE IIOBEICHUE BETBMAIIUXCHA IIPOIECCOB
bennmmana-Xappuca ¢ IByMs THIIAMU YaCTHUI, CTAPTYIONIHE B HYJIEBOM MOMEHT BpeMeHU
¢ Gosbioro duciia gacTtuil. [Ipn 3ToM, OJUH THUI YaCTHUI[ — KOPOTKOXKUBYIIINI, a BTOPOMH
— monroxkuBytuit. [lokazano, 9T0 BpeMeHHAsT OCh pa3dWBaETCS Ha IMECTb PACTYIMUX WH-
TEPBAaJIOB, I'lle PA3/JINIHLIM 00pa30oM HOPMHPOBAHHBIE KOMIIOHEHTHI Ipolecca besiMana-
Xappuca CXOmSITCsT K MPUHIINIHAIBHO PA3IUIHBIM PACIPEIeTEHISIM.

[ycrs Z(t) = ZN(t) = (Z1(t), Za(t)) — BerBammiica nponecc Besumvana-Xappuca ¢ aBymMs
THIIAMI 9aCTHII, SBOJIONUs KOTOporo Haunnaerca B Moment ¢ = 0 ¢ ZN(0) = N = (Ny, N)
JacTHI| HyJIeBOro Bo3pacta. Haima 1iesib - onmcarb pacipejiesieHue Yucjia YacTull B Iporecce B
MoMeHT t — oo. IIpu dukcuposannom Habope N ycioBue BeTBJICHNs CBOAUT OOIILYIO CUTYAIIIO
K gByM caydagm N = (1,0) u N = (0,1). Anasorndso, Ipu HEOrpaHUIEHHOM POCTE HAYAIb-
HOTO pasMepa IOy N TpobaIeMa CBOJUTCS K aHAN3Y CBOHCTB MPOIECCOB, HATHMHAIOIINXCS
TOJIBKO ¢ ozHoro tuna Jactuil. Jamee mpr canraem, aro N = (0, N). O6osnauum G;(t) pac-
[peJieJIeHre JUINTEIbHOCTH KU3HH dacTulpl Tuna ¢ € {1, 2}, u mycrb 9uc/IeHHOCTb TIOTOMCTBA
(&1, &i2) YACTHUIIBL 7-IO THIIA 3aJ1eTCsl TPOU3BOJsiieil byHKIneit

fi(s) = fils1,52) = Bsi" s, s = (s1,52) € [0,1]%, £(s) = (fu(s), fo(s))" -

Hac 6y1yT maTepecoBaTh KPUTHIECKHUE ITPOIIECCHI, T.€. IIPOIECCHI, Y KOTOPBIX MaTPHUIla CPEJI-
HUX

M := (ai)ij=12 = (E&j)ij=12

HepasJIoKNMa U ee IIePPOHOB KOPeHb paBeH 1.

Mpb1 Tak:zke OyJieM IpeJIno/araTb KOHEIHOCTbh BTOPBIX MOMEHTOB YUCJIEHHOCTU TTOTOMCTBA
JaCTHUIL JIIOOOI0 THUTIA W COCPEIOTOUNMCS Ha, MPOIECcax, B KOTOPBHIX YACTHUIIbI IIEPBOTO THUIIA —
KOPOTKOKHUBYIIKE, & YaCTUIBI BTOPOrO THIA — JOJTOKUBYIINEE. To4uHee, Mbl Oy/ieM CUNTaTh,
YTO pacipeesieHus TPOI0JKUTETFHOCTH XKU3HU JaCTHUIl YIOBJIETBOPAET YCIOBUAM

1—-Gi(t)=o(t™?), 1 —Gy(t) =1(t)t™?, B (0,1/2],

rze [(t) MejJIeHHO MeHSIoNasicss Ha GECKOHETHOCTH (PYHKIMsI. $ICHO, 4TO TPU STOM YCJIOBUU
dyHKITHIST

a(t) = / (1 — Ga(u))du ~ () /(1 — B).

I Pabora nmopaepxkana rpanrom PO®U 11-01-00139 u mporpammavu PAH “/TunaMudeckie CHCTEMbI X TEOPHST
yupasienust” (B.A. Baryrun) u “CoBpeMeHHBIE NPOOJIEMBI TEOPETHUECKON MaTeMaTHKH: PasBuTHE METO/I0B
UCCIIeIOBAHMSI CTOXAaCTUIECKUX Mojleneil copokynHocreil wactuil’ (B.A. Toruwmit).

MaremaTtugeckuit unctutyT um. B.A.Crexnosa PAH. E-mail: vatutin@mi.ras.ru

3Owmckwmit ust. Unctnryra matemarakn mv. C.JI. Cobomesa CO PAH. E-mail: topchij@ofim.oscsbras.ru
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Bamymun B.A., Tonwud B.A., IByxTunuele nporeccel Besuimana-Xappuca

Ilycrs Fy(t;s) = E [s2M]Z(0) = (0,1)] . Torza
E [sz(t)|Z(0) = (0,N)] = exp{Nlog F; (t;s)} = exp{—N (1 — Fy (t;s)) (1 +o(1)} .

Takum obpa3oM, 3aja9a HaXOXKJIEHUs [IPEJIEILHOIO PACIIPE/Ie/IeHIs YUC/Ia JacTHIl B IIPO-
necce nipu N, t — 0o cBojuTCs K 10100py dyukimn t = t(N) u HopMupyomux QyHKIui s
Z;(t), 9T00BI yKa3aHHOE BBIPAXKEHUE CXOJIUIIOCH K HPEJIEITy.

OkasbIBaercsi, 9TO CyIIeCTBYeT 6 acHMOTOTHYeCKHX 30H st ¢ = t(N), rje KadecTBEHHO
pasjimyaercs ¥ THUII TIPEJEIOB U THII HopMUpytonwx GyHkiwmii. [lepednciium 311 30HbL:

Ny/1—Gs(t) = 00; N(1—Gy(t)) —0; N (1—Gat)) = const;

N(1—=Ga(t)) = 0o, pa(t) > N; N ~rps(t); N> po(t).

Anasormunast npobiema Jyist mporeccoB Besuimana-Xappuca ¢ OJHUM THIOM YaCTHI] U3Y-
Jajiach paHee PsAJIOM aBTOPOB, B 9acTHOCTH, B paborax [1] u [2]. Hajuuue nByx Tuos gacrtuir
(KOPOTKO’KHMBYIIUX W JIOJTOKUBYIIMX) MPUBOJAUT K MOABICHUIO IIPUHIUIINAIBHO HOBBIX (-
dexToB.

O6oznaunm (i = 1,2)

((I)l(s>7 (1)2(8))T = M(l - S) - (1 - f(S)) ’ -Fl(tu 8) =E [SZl(t)|Z(O) = (2 - Zal - 1)] :
O,HI/IH 13 HallluX Pe3yJIbTaTOB TaKOB.

Teopema 1. Ecau 3 € (0,1/2], N ~ rus(t), t — oo, r € (0,00), mo

I [szl(t) exp {_)‘Zjif(ﬁt)} ‘Z(O) _ (O,N)] = exp {—ralf(_l—a_lls) —7A +r9(8)} ,

(o] o
g(s) = 2 / O (Fi(w;s), Fo(w; s))dw + 5/ Oy (F(w; s), Fa(w; s))dw.
1 - a1 0 0

OTMeTnM, 9TO yTBEP:KIEHUE TEOPEMbI O3HAYAET ACUMITOTHIECKYIO HE3aBUCUMOCTD TIE€PBOii
KOMIIOHEHTHI Z1(t) 1 HopMupoBauuoii N Bropoii kommnonenTol. Yeiaosue (3 € (0,1/2] apisercs
HPUHIMINAIBHBIM I METOJI0B HccaenoBanuii. JIeo B TOM, 9TO IpeiesbHbIe TEOPEMbl CBA3a-
uel ¢ nosegerneM P(Zy(t) > 0|Z(0) = (2 — i,i — 1)). Hamn gokasano, 910 9Ta BEPOATHOCT B
UCCJIEyEMOM CJIydae ¢ TOYHOCTBIO JI0 MeJJIEHHO MEHAIOIecs (DYHKIMU nMeeT aCUMIITOTUKY
t°=1 a mpu B € (1/2,1], ckopee Bcero, oHa nMeeT HOPAIOK ¢~ (ToKa He J0KazaHo).

Crmcok anrepaTyphl

[1] Bamymun B.A., Kpurudeckue BeTBsiuecs: mporecchl bemmvana—Xappuca, HaqHHAIOITE-
¢ ¢ bospioro unciia gactuil. Mat. 3amerku, 1986, T. 40, N 4, c. 527-541.

[2] Tonwui B.A., YMepeHnHble yKJIOHEHHsI [Tl OOINEH YUCIEHHOCTH YACTHUIL B KPUTUIECKUX
BETBAIIUXCA Tpolieccax. Teopusd BepodTH. mpuMen., 1988, 1. 33, Boim. 2, c. 406-409.
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Ceknus 1. Ilpejiesibable TEOPEMBI

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 ntonst 2012 rona)

O6o06mienne Y 3bY IIpoxoposa Ha ciry4aii
OTPHUIATEIbHO ACCOIMMPOBAHHBIX CJIYYAiHBIX
BeJIITIITH

Huna H. Tonukosa!

Jokazano, uro kpurepuii [IpoxopoBa /st TOYTH HABEPHOH yCTOWYMBOCTHA CyMM OIDaHU-
YEeHHBIX HE3ABUCHUMBIX CJIyYallHBIX BEJIMYUH B CBOEH ITOCTATOYHON JacTh JOILyCKaeT 00600-
IeHUe Ha OTPULATE/IbHO aCCOIUMUPOBAHHbIC ClydaliHble BeJINYNHDL.

1 BBeaenne

MHOFI/IG 3aKOHBI 6OJIBH_H/IX qucesl Jjid CyMM HE€3aBUCHUMbIX CﬂyqaﬁHbIX BeJIMYMUH JIOIIYCKalOT
0000IIIeHe Ha OTPUINATETHHO aCCONMUUPOBAHHBIE CAydaiiHble BeJUIMHBI. HarmmM mpemmerom
UCCJIeIOBAHUS SABJISETCS YCUJIEHHBIH 3akoH GoJbinux uucest [Ipoxoposa [1| mis majiexkarie
OrpPaHMYEHHBIX HE3aBUCUMBIX CIyYaiiHbIX BesmdunH. OpuruHaIbHOe JT0Ka3aTeabcTBO I1poxopo-
Ba [1]| ¢ pa3Hoii cTenenbio o POOHOCTE BOCIIPON3BE/IeHb! B yuebHIKe (2] u B MonOrpadun [3].
VejioBus TPUMEHUMOCTHU YCUJICHHOTO 3aKOHa OOJILINX duces [IpoxopoBa BbIpaxKeHbl B Tep-
MUHAX JIUCIEPCUii ciiydaiiubix Besimaud. V3BecTHO, uTO jiucriepcust cymmbl Xy + - - - + X, OT-
PHUIIATEILHO aCCONMUPOBAHHBIX CIYyYalHBIX BEJIUYNH MarKOPUPYETCsl yIBOEHHOI uciiepcueit
cyMMbl X| + -+ + X! He3aBHCHMBIX CJIyYaflHBIX BEJIMYIHH TaKuX, 970 Xj; U X; OIMHAKOBO
pacriipe/iesieHbl Jjist KaxkJ0ro k = 1, ..., n. 9ToT pakT BMECTe ¢ HEKOTOPBIMU JPYTUMEI UICSTIMU
1103BOJIIeT 0000ImuTh Teopemy IIpoxopoBa B 9acTu JOCTATOYHOCTH Ha CJIydail OTPUIATEIHHO
ACCOIMMPOBAHHBIX CJIYIalHBIX BEJIMIIH.

2 OcHoBHbBIE Pe3yJabTaThI

QopMyIUPOBKa HAIIEr0 OCHOBHOI'O YTBEp:KJICHHA (POPMabHO COBIAIAET ¢ (POPMYITUPOBKOIA
Kputepus [IpoxopoBa B 4acTu JJOCTATOYHOCTH.

Teopema 1. IIycmb darv, ompuyamessHo acCoOUUUPOBAHHBIE CAYUATIHBLE 8eauMUMbL X, 1 > 1,
C HYAEBLIMU MAMEMATMUYECKUMY 0Hcudanuamu. Feau das arwboz2o © > 1 u nexkomopot xKom-
cmanmo, K > 0 evinoanaemcs nepasercmeo

K-q
|X;| < - NN
Inln<
u 0as ar06020 € > 0
eXp 2n+1 OOJ
2
n=1 Zz‘:Q"-‘,—l EX;

' MoCKOBCKHIT TOCYIapCTBEHHEIH 06IACTHON YHHBEpPCHTET, (bU3HKO-MaTeMaTwdecKuil daxymprer. E-mail:
nina.golikova@mail.ru
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Toauxosa H.H., O606menne Y 354 IIpoxopoBa Ha cjy4aii OTpUIIATEIbHO ACCOIMUPOBAHHBIX CJIYYailHbIX BEJIUIUH

mo

X+ X,
lim =0 n.n.
n—o0 n

JloKazaTebCTBO OCHOBAHO Ha HepaBeHCTBe (1) /st CyMM OTPHIATEILHO ACCOIUUPOBAHHBIX
CJIy9YallHbIX BeJIMYUH U3 cTaThu [4].

Teopema 2. Eciu ompuyamesvHo accouuUuUpos8aHHBIE CAYYATHLE BeAUNUHDL X1,..., X, 02pa-
HUUEHDL Yucaom ¢ > 0, mo dasa a0bozo € > 0

4 € € ec
_ < - _ -
P{llgllfg1 1Sk — ESk| > e} < = exp (20 5 In <1 + 02>> : (1)
1+ (1+;—g’) "
2de 0721 = ZZ:I E(Xk — EXk>2 < 00, S,=X1+--- —|—Xk, =1..n.

B wuneitHom miiaHe mpM JIOKa3aTeJIbCTBE TeOpeMbl 1 MbI cjieyeM OpPUTHHAJIbHOMY JI0-
kazarebcTBy lIpoxoposa. CyiecTBeHHOE OT/IMYME COCTOMT B TOM, UTO BMECTO U3BECTHOTO
apkcuHyc-HepasercTBa [IpoxopoBa Mbl ucnosb3yeMm HepaseHncro (1). Ilpu sTom mocturaercs
PsJT YIIPOIIEHU OPUTUHAILHOTO JIOKA3aTEIbCTBA W, B YACTHOCTHU, HEe TpedyeTcsa mpudberatb K
omneparnuu CUMMeTpu3aliiu. boJiee TOro, omeparus CUMMETPU3AINN JIJIT OTPUIATETHHO acCo-
[IUUPOBAHHBIX CJIyYAHBIX BEJIUNINH OKA3bIBACTCs OECIIOIE3HOM.

Crmcok anrepaTyphl
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[4] I'epacumos M.IO., HepaBeHncrBa it CyMM OTPHUIATEIHHO ACCOIMUPOBAHHBIX CJIyJailHBIX
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Ceknus 1. Ilpejiesibable TEOPEMBI

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 utonst 2012 roza)

MeTpuueckue cBoiicTBa §)-1pobeii’
Ogbra A. Iopkymia?

MpbI mcciieyeM SproguvdeckKie CUCTEMBI, COOTBETCTBYIOIIHE )-TpobsiM — KJIacCy Herpe-
PBIBHBIX JIpo0eil, TECHO CBS3aHHOMY C I'€OMETPUYECKON MHTepIpeTarueil mpuOInKeHnii
BEIIeCTBEHHOI'O YHUC/Ia parnoHabHbIMu qucsiamu. Obosnaunm yepe3 A, /By, n=1,2,...,
— TOCJIEIOBATEIBLHOCTD MOAXO/SIIIX 1pobeit HenpepbiBHOI - 1pobu wncia x € (0,1). Mbr
[TOJIYYIUM TIOUTH JIJIsI BCEX UPPAIMOHAJBHBIX UUCEN T PacIpeie/IeHne MOC/IeI0BATETbHOCTH

{Tn}n>1, tre Ty = Yp(x) = By|Brz — Ayl

1 Bseaenne

JIro6oe Bemecrsennoe unciao x u3 (0, 1) MOKHO IIpeJCTaBUTL B BUje KOHEUHOI (econ x € Q)
I OECKOHEYHON peryasapHoOil HelrpepbIBHON 1poou

r=[0;a1,as,...,an,...] = - ,
GOt oy

rze JJist BceX N > 1 HeIoJIHbIe YaCTHBIE @, OIPEIE/IAI0TCA COOTHOMICHUEM

1
an, = a,(7) = | =————
D= T

Baecs T': [0,1) — [0, 1) — mpeobpaszosanue [aycca

- { e 20

, ecm T (z) # 0.

Ecrecrennoe obobrienue npeodbpasosanus Laycca noaydeno B 1977 roxy B pabore [1].
[Iycrs D = ([0,1] \ Q) x [0, 1]. Oupegnemnm orobpazkenne T : D +— D :

I(I’,y) _ (T($)7 m), €CJin (I’,y) c€cDuzx 7& O’ (1)

0,y), ecm z = 0.

Arrop paborsl jokazai, uro cucrema (D, Bp, u, T) ¢ cemeitcrBom MHOXKecTB Bopens Bp u

BEPOATHOCTHON MepOM
dxdy
, AeB
HA log 2 // 1+ zy)? b

dopMHUpPYyeT IProuIecKyio CHCTEMY.
B sToit paboTe MBI IOJIYIHIN AHAJOTUIHBIN Pe3yabTaT Jisd {2-1pobeit — 0JIHOr0 U3 KJIacCOB

[IOJTYPEryJISIPHBIX JIpO0Oeii.

'Pa6ora nmomnep:xana rpaatamu POOU N 11-01-00628-a, 11-01-12004-opu-m-2011.
2Xabaposckoe oraenenue NucruryTa IIpuknammoit Maremaruku damsreBocrounoro ormenenus PAH. E-
mail: o-garok@rambler.ru
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2 OcHoBHbBIE Pe3YJIbTATHI

Hng Bermecrsernoro uncna z u3 uareppasa (0, 1/2) paccMOTpUM pereTKy Ha IJI0CKOCTH
[, ={(n—x-m,m)ln,m e Z}.

[IycTe €2 — BBIMYK/Iad, orpaHnYeHHas U 3aMKHYTas 00J1aCTh Ha TIJIOCKOCTH C KYCOYHO-IJIa IKOI
IPaHUIEil, KOTopasi COJEPKUT HEKOTOPYIO oKpecTHOCTh ToYKM (0,0) 1 cuMMeTpudIHa OTHOCH-
TEJILHO KOOP/IMHATHBIX oceil. PaccmorpuMm adunHOe mpeobpaszoBanue

(1, 22) = (t121, tax2) = (21, 22)

C TOJIOKUTEIbHBIMU BEIIECTBEHHBIMU ducaamMu 1 u to. O6o3HaunMm [epes ¢(£)) MHOKeCTBO
ToueK (21, X2), (T1,22) € Q.

Onpenenenune 1. Henymeroit y3en v pemerku ', HazoBem :-MUHUMYMOM, €CJIN JIJIsT HEKOTO-
poro npeobpasoBanus ¢ BHyTpu obactu ¢(§2) HeT HeHyJeBbIX y3J0B u3 [',.

MHoxkecTBO TaKnX MHUHUMYMOB OyzeMm obosnadaTh depe3 IM(I',; ). Buepsoie Takas KoH-
cTpyKIst OblTa mpeyioxkena pmurtoM [5] B ciydae kpyra. [lozaaee Munkosckwuit [6] pacemor-
pest Gostee obmryio curyamuio ¢ obmacTbio Q = Qg = { (21, 29) € R?||x1|? + |25|? < 1}, 6 > 1.

OrmpejiesiuM  [OCIeI0BATEILHOCTH TEJIbIX HeoTpuiaTeabHbix 1ucen {Ag}rso u {Bi}r>o ¢
yenoBueM By < By u Touek {M (k)}kzo pemerku I', caemyronum obpa3om

MT,; Q) = {=MP|M® = (A, — 2By, By), k > 0}. (2)
Onpenenenne 2. [{na Bemecrsennoro unciaa z u3 (0, 1/2] momyperyispayio 1pobb

Tr = 815 :[0;81/[)1782/[)2,..‘,€n/bn,...]7 bHEN, €n€{—1,1}, (3)
bl_‘_bg-‘r—2

. en
+bn+

Ha30BeM (2-7po0bI0 YHCIA T, €CJIM HOCICAO0BATEILHOCTH HOAXOAAmuX pobeit {Ag/ By bi>1
YJIOBJIETBOPSIIOT COOTHOIIEHNIO (2).

Hnst Bemecrsennoro wmcsa w3 (1/2,1) apobs (3) nazoBem (2-apobbio, ecsin
[0;1/(bg +1),e3/b3,...] — Q-npobs ancia 1 — .

[Tonmyuen caesytonuii pe3yJibTar.

Teopema 1. ITycmo gynryus V(x,y) = 0 onucwsaem epanuyy obaacmu 2. Obosdnavum wepes
(2a9,0), (ag,bo), (bo,ao), (0,2a9) mouku ¢ ycaosuem

\D(2a07 0) = \IJ(CL07 bo) = \I/(bo, CL()) = \II(O, 2&0) = 0.
s ecex o uz [0, 1] 6ydem pacemampusams dynxyuro Bo = f(a) co ceoticmeamu

U(u,v) =0, o ag < u < by;
U(s,t) =0, u=s-f,t=v-a daa by < s < 2ay;
U(z,y) =0, z=s—u, y=t+v dasn 0 <z < ay.

Onpedesum obaacmu Sy, S92, Y coommowenuamu

S1={(T,V)eD|T €[0,1], Ve [B(T),1]}, S2 ={(T,V) € D|(V,T) € 51},
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Ceknus 1. Ilpejiesibable TEOPEMBI

— (D\ (S1US,)) UF(Sy), Flt,v) = <_ ot _U>,

1+1¢

Ha mmoorcecmse Y paccmompum onepamop — anansoz npeobpasosanus T us (1) daa Q-dpobedi:

T(t,v), ecaut > 0,%(t,v) ¢ Sy,
3t v) = F o %T2(t,v), ecaut > 0,%(t,v) € Sy,
Ji,v) = To Fl(t,v), ecaut <0, o F7Y(t,v) ¢ Sy,

Fo%%0 F7Yt,v), ecaut <0,To F7l(t,v) € Ss.

Tozda cucmema (Y, Bq, g, J) ¢ cemeticmeom muoocecms Bopeas Bg wa' Y u epoammocmmot

Mmepoti
dxdy
A € Bq,

d(Q) =log2 — // d:rdy
1 + xy)?

Popmupyem apzoduneckyro cucmemy.

ede
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A. A Jcamupsaes, O cCOBMECTHOM PACIPE/ICTCHAN CJIyIailHON CyMMBI U 9HCJIa CJIAra€MbIX

Mezk ryHaposiHasi KoHbEpeH st
"TEOPUS BEPOATHOCTEN u EE ITPUJIOYKEHIA"
(Mocksa, 26-30 ntonst 2012 rona)

O coBMmecTHOM paciipeaejieHmnm CﬂyqaﬁHOﬁ CYMMBbI
n dmncCilia CJlara€eMbIX

A6aycynnar A. JIxxkamupsaesn'

B pabore obcyxkmaiorcs pe3ysibTaThl aBTOPAa O COBMECTHOM PACIIPEJIEJIEHUN CJIyIaiiHOM
CYMMBI U YHCJIa CJAaraeMbIX.

1 Bseaenne

B.B.I'nesenko [1] ykasan Ha CB3M Teopuu CJIydaifHONO CyMMHUPOBAHHS C 3aJadaMU TEOPHN
MaCCOBOI'0 OOC/TY?KUBaHUs, TEOPUH HAJIEXKHOCTHU U C JIDYTUMU 33 Ia9aMy PA3HBIX HAIIPABJICHUI.
Bo MHOrmx mcciiejoBaHugx IO CJIydailHOMY CYMMHUPOBaHUS (DYHKIMS paCIpeIe/eHusT TUC/IO
cJlaraeMbIX TP HEKOTOPOIl HOPMUPOBKE CXOIUTCA K TpejesbHOMY 3akony