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AHHOoTaumsA. B paboTte paccMoTpeH MeTon AokasaTenbCTBa CXO4MMOCTM OLEHKM, hopMMpyeMon
anroputTMom CcToxacTuyeckor annpokcumaumm B dopme A.3. LbinkuHa [1] B yCnoBusX WUCKaXeHUs
MOCTOSIHHOIO CUrHana c* agauTmBHONM LeHTpupyemon nomexon &. B ocHoBy nonoxeH noaxon M. Aoku [2],
TpebyLWnin acCMMNTOTUYECKON CXOAMMOCTU K HYMIO PacCTOSHUSA MeXAy MIOTHOCTAMW pacnpefeneHus
BepositHocTen (MPB) oueHOK C, M Chik, BBIMOSIHEHHBIX, COOTBETCTBEHHO, HAa N-M K (N+k)-M warax paboThbl
anropuTma.

BeegeHue.

AnNroputM CcTOXacTuyeckom annpokcumaumm Pob6uHca-MOHpO XOpOLWO M3BECTEH Kak OOWH M3
KBa3UrpaaneHTHbIX METOAOB OLEHMBAHUS MOCTOSIHHOTO curHama c* B NPUCYTCTBUWM aaAWMTUBHbLIX MOMEX.
OpHolt n3 Hanbonee apeKTUBHBLIX ero pobacTHbIX peanusauuin sensetca mogudukauma A.3. LibinkMHa
[1] B dbopme:

£n+1 :£n - ﬁ/l’l B'P(‘\En _€n+1)a 81 :(?1 : (1)

3peck €, =c¢, —c* — owmnbKa OUEHMBAHWS, C, — OLIEHKa, &, — LEHTPMPOBaHHas NMOMEexa Ha N-M Luare

paboTbl anroputma. Tem cambiM, NPSMOe M3MEpeHne Ha Nn-m ware Gyner X, =c*+§n. B -- napameTp

anroputma (1), onpeaensoLmnin CKOPOCTb CXOAMMOCTU OLEHKM C,. DPyHKUMA Y ocyLlecTBNSET HennHenHoe
npeobpasoBaHue, aHanorMyHoe HewaeanbHOMY pene C 30HOW HedyBCTBUTENbHOCTM 2A. TO ecCTb,

HLz>A
W(z) =, <A
E]-l,z<—A

B npeabigywux paboTtax [3,4] CXOOMMOCTb OLEHKM C, aHanuaMpoBanacb C MOMOLbIO
npenctasneHns (1) CTPyKTypon HENMHENHON CUCTEMbl aBTOMaTU4ecKoro ynpasneHus. B gaHHon pabote
[oKa3aTenbCTBO Cy K C* OCHOBbIBaeTCA Ha noaxoae M.Aoku [2].

AHanmns cxoguMocTy OLeHKM anroputma (1)

Mockonbky nomexa &, cnyvarHa, To CNyvyaniHbIMU BENNUYMHAMU SBNSAOTCA C, U &, O603Hauum MPB

N dyHkumio pacnpefenenus (®P) crnyyaiiHol BenuuuHbl & kak f,(x) u F,(x) cooTBeTcTBEHHO.
OueBunaHo, uto MNPB ¢, 6ygeT npocto cmelleHa oTHocutenbHo MNMPB &, Ha BENUYMHY C*.

Vpes M.Aokw [2] gonyckaeT criefyloLyto uutepnpetaumto: ecnu O(f,, f,+x) — 0 npu n — o,
no6om k [JN u p — aHanor pacctosHus, To &, acUMMTOTUYECKN CTPEMUTCS K Hymio. BoiGop yHKuMM p
KECTKO He 3adaH, Ho BO [2] BbiGpaHa M-oueHka Xbwobepa P(f,, fr+x) =sup|fn (X) = ek (x)| npu
xUR.

[lokaxeM, 4To Npu 1 — 0 pasHocTb f, 41 (x) = f,(x) npu nobom x [J R . O6osHaunm MPB 1 ®P
nomexu &, cooTBeTCTBEHHO, Kak f(X) n F(x).

PaccmoTpum anemeHTapHoe cobbite dA , ., , 3aKmioyartoleecs B TOM, YTO £,4; =X WK, 4TO TO
xe camoe, €,,, U[x,x +dx]. Ero BepositHocTs P, no onpepenenuio, ectb f,,4 (x)dx .

CnoxHoe cobbiTe dA , ;| npefcTaenseTcs B hopme:

dA,, =Y =-1N¢g,=x-B/nUMW=0Ne, =x) UMW =+1Ne, =x+L/n). 2)
Heobxoaumo y4yecTb: a) HesaBucUMOCTb &, OT &k, UTO MpuBedeT K HemsameHHocTu [PB n OP
nomexum Ha mnobom Lware oueHMBaHus; 6) anbTepHATMBHOCTb 3fEMEHTapPHbIX COObITUA — nepBbiX

MHOXMWTENEN B cnaraemblx CyMMbl (2); B) HE3aBUCUMOCTb COBLITUIA - NEPBbLIX MHOXWUTENEN OT COBbITUN -
BTOPbIX MHOXWUTENEN KaXgoro crnaraemoro (2).
BepoATHOCTN anemeHTapHbIX CcOBbITUR, BXOOAWMX BO (2), BBLIMUCIAOTCS MO ONpeaeneHuio:

Pe,=x-B/n)=f,(x=B/n)dx, P, =x+B/n)=f,(x+B/n)dx n P(g, =x)=f,(x)dx. B

TO Xe BpeMA, BEPOATHOCTb cobbITni - nepBbIX MHOXUTENEen npeancraBnaeT cobon YCIOBHYKO BEPOATHOCTb
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peanu3auuMu nepBoro cobbITUS MPU YCNOBUKM peanu3aumm cobbiTus - BTOpPOro cobGbiTusi. Tem cambiM,
BeposTHocTb P, cobbitua W = +1 ebiumcnsietcs no cnepytolei cxeme:

Py =P(g, =§,11 D) =P 4 <€, —D)=

=P¢, 4, <x+B/n-D)=F(x+[B/n-D).

Bennunuel Py =P(WY =0) n P_ =P(W =-1) BbiuncnsioTcs no aHanormyHbiM cxemam. Takum
obpazom, Py = F(x +A) - F(x-A) n P_.=1-F(x—-B/n+4).

BbINOMHUB NOYNIEHHOE COKpaLLeHNe Ha dX , MOXHO NOMyYnTb PEKYPPEHTHYIO chopmyny cesan MPB
nocrnegoBaTesbHbIX ClyYamHbIX BENTUYWH & U &1

fon(0) = fo(x=B/n)1 = F(x = B/n+D)]+ f,(x| F(x+8) = F(x - b) +
+ f,(x+ B/n)F(x+B/n-D); f(x) = f(x).

B pabote [5] 6bIn paccMOTpeH criyyqanm CUrHaTypHoro oueHwuka (A=0) 1 nonydeHa peKkyppeHTHasi
dhopmyria Ha OCHOBE aHarnorMyHbix paccykgeHuin. OHa nveeT bonee NPoCTon BUA, No cpaBHEHUtO € (3):

fon (@)= f(x=B/ml=F(x=B/n)]+ f,(x+B/n)F(x+B/n). (4)
BesycnoBHo, (4) MoxeT BbITb Takke NonyvyeHo n3 odwen popmynel (3) nogctaHoBkon A=0.
Mockonbky npn 1 — © B /n — 0, n3 (3) u (4) cneayeT, 4to Npu nponssonbHoMm X [JR pasHocTb

®)

mexay f,+1(x) n f,(x) Takke 6ynet GeckoHe4YHO Manom.

3akno4yeHue.
Mcnonb3oBaHue anroputMa (1) B YCRNOBUSX WCKaXKEHUSI MOCTOSIHHOFO CurHana c* agauTUBHOW

LIeHTPUMPOBaHHON MoMexon &, MOXHO caenaTtb BbIBOA O BbINOMHEHUM ycrosua £, — 0, To ectb, O
HECMELLLEHHOCTU OLIEHKM C,, OTHOCUTENBLHO cuUrHana c*.

[lonycTB NMOMMMO LIEHTPUMPOBAHHOCTU MOMEXM €€ CUMMETPUYHOCTb, MOXHO Ha OCHOBE MeToda
MOMNHOV MaTeMaTU4eCcKon UHAYKLUUM oka3aTb CUMMETPUYHOCTL niobon MNPB fn+1 (x),n=1.

BnarogapHocTu.
PaboTa BbInonHeHa npu 4YacTuyYHOW noagepxke paHTa Ans CTyQeHTOB, acnMpPaHTOB M MOSOAbIX
yyeHbix CaHkT-lNeTepOypra.
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MODIFICATION OF THE M. AOKI APPROACH FOR THE ANALYSIS OF CONVERGENCE OF AN
ESTIMATION OF STOCHASTIC APPROXIMATION ALGORITHM IN THE YA.Z. TSIPKINE SHAPE
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One of embodyings algorithm of stochastic approximation by Robbins and Monro for the estimation
of a constant level signal c* at the presence of additive noise is the Ya.Z. Tsipkine’s modification [1] in the
shape:

£n+1 :£n—ﬁ/nBlP(£n _E}’H'l)’ ‘91 :EI' (1)
Here &, =¢, —c* - estimation error, c, - estimation, &, - centered noise and x, =c*+¢, - measurement

on n-st step of the algorithm operation, 8 - parameter of algorithm (1), the unlinear function ¥ is determined

*lLz>A
as W(z) = o] <A
%—1,2<—A

In this paper, the convergence c, to ¢*is proved on the basis of the M.Aoki approach [2].
As the noise &, is a random value, by a random variable will be g,. Let's designate it's density of

probability distribution (DPD) and distribution function (DF) as f,,(x) and F),(x) accordingly.

M. Aoki idea [2] admits one of the possible iexplanation: if O(f,, f,+x) — 0 at n — o, anyone
kN and p - the analog of distance (for example, M-estimation by Huber), & asymptotically tends to
zero.

It's necessary proves, that at n — o the difference f,,;(x)— f,(x) tends to zero at anyone x[IR.

Let's designate DPD and DF of noise &, accordingly, as f(x) and F(x).
On the basis (1) the recursion formula of link DPD of sequential random variables &, is obtained for &1
next form:

fus1 ()= fu(x= B/l = Fx=BIn+ D))+ £, ([ F(x+ ) - F(x - 1) +
[+ BIm)F(x+ B/n=D); f1(x) = f(x).
One of the famous cases (A=0) of this recursive equation was described in paper [3].
Asatn - o B/n - 0, from (2) follows, that at arbitrary x LIR the difference between f,,,;(x)

()

and f,,(x) will be infinitesimal.
Usage of algorithm (1) in requirements of contortion of a constant level signal c¢* by additive
centered noise &, is possible to make a conclusion about execution of a requirement &, — 0, that is,

about a unbiasedness of an estimate c, concerning a true value of a signal ¢*.
Having supposed also symmetry of noise &, is possible on the basis of the complete mathematical

induction method to prove symmetry anyone DPD f, ,(x),n >1.
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