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PocroBckuit nactutyT cepsuca (¢punuan) FOxxHo — Poccuiickoro rocyapcTBeHHOTO
YHuBepcuTeTa 3JKOHOMUKU U CEPBUCA

Bo MHOrMx Hay4HO-IIPHKJIAIHBIX 3a/1a4aX HU(POBOH 00padOTKH PpaJUOTEXHUYECKUX CUIHAJIOB XapaKTEPHOW
SBJISIETCSI 3a/1a4a MOIyYeHNS OLIEHKH IJIOTHOCTH PAaCHpeieNICHNs CITydaifHOIM BENYMHBI.

OnHaKko TPOIECC CTATUCTUUECKOH 00pabOTKM HM3MEpEeHHH CONpsDKeH C pPAIoM TpyaHocTeil. Bo-mepBbIx,
MOJy4eHHE BHIOOPKH BCEra CBSI3aHO C OUIMOKaMU M aHOMAJIBHBIMU BEIOpOCaMH N3MEPSIEMBIX BeIHYHH. Bo-BTOPBIX,
CYIIECTBYIOIINE METOIBI OOpabOTKH MPENnojaraloT Halu4yue OOINBINON BBHIOOpKH, B HIeale CTpeMSIIEHcs K
OeckoHedHOCTH. B mpakTryeckux e 3agadax pa3Mep BBIOOPKH 4acTO OIpaHWYEH BO3MOXKHOCTSIMH HCCIIEyEeMOM
CHUCTEMBL. A B TeX CIIyd4asX, KOI/Ia TaKhe OTPAHHYECHHUS OTCYTCTBYIOT, HEOOXOAWMOCTH 00pabOTKH OONBIINX
MacCHBOB PE3yJIbTATOB M3MEPEHHH TaKXKe HE )KelaTellbHA, MOCKOJbKY BEAET K YBEIHMUYECHUIO BBIYMCINUTEIBHBIX
3aTpaT ¥ CHIKEHHUIO OMEePaTUBHOCTH 00paOOTKH HH(OPMAITHH.

Henblo Hacrosimield craTby SBISIETCS pa3paboTKa BHICOKOI((MEKTHBHOTO ajIrOpUTMa OLEHKH HEU3BECTHOU
IUIOTHOCTH PACTIPEICICHUS CIYyYalHOW BEIIMYMHBI 110 MaJIOH BBHIOOpKE Ha 0a3e CrIaKMBAIOIIUX HOPMAaTM30BaHHBIX
KyOuueckux B-cIulaiiHOB ¢ HCIOJIB30BAaHMEM HTEPALIMOHHOTO MeToja SIKoOH, IMO3BOJISIONIErO CYIIECTBEHHO
CHHM3UTH 00BEM BBIUMCIIMTENIBHBIX 3aTpar.

AHanu3 CyIIecTBYIOIINX METOJOB CTaTHCTHYECKOH O0OpabOTKM IOKAa3bIBAET, YTO B CIydae MaJIOW BBIOOPKH
MOCTPOEHHE OSMIMPUYECKOW (YHKIUM paclpelesieHnus] ClIydailHOW BeNM4YMHBI 0Oojiee OOOCHOBAHO, HEXENN
IUIOTHOCTH PAaCTpeleICHUs] TOM CIlydalHOH BENWYMHBI. JTO OOBSCHAETCA TeM, 4TO (DYHKIMS paclpeleleHUs
MOHOTOHHO BO3PacTaeT Ha BCEl 0OJACTH OINpeAeIeHHs U MOATOMY MEHEe KPUTHYHA K pa3MepaM BbIOOpKH. Takum
00pa3oM, MpU MOJTYYEHUN AHAJIUTHYECKOTO BBIPAKEHUS ISl TUIOTHOCTH PACIIPEAEICHHS CIydJaiiHON BEIMYHHBI
JIOTUYHO BOCIIOJNB30BaThCS M3BECTHBIM COOTHOIIECHHEM, ONMHUCHIBAIONIIMM B3aUMOCBSA3b (DYHKLHH PACIPEAEIEHUS U

dF (x)
dx

IUIOTHOCTH PACIpEeIeHHs! CITyqaiiHoi Benuuunnbr: p(Xx) =

(1)

OLlHaKO, OTOT IMYTh MOJYYCHUS IJIOTHOCTHU PACHPCACIICHUSA CBsA3aH C HCBO3MOXXHOCTBIO ZlI/l(l)(l)epeHLIl/IPOBaHI/IH
(YHKIMU pacHpefe/iCHUsT Y4acTOT - 3MIMPHUYCCKOrO aHanora (yHKIHUU pacClpeleiieHus, MOCKOIbKY OHA HMEET
CTYIICHYATHI BHJ W, CJICJOBaTEIFHO, B y3JIlaX pa3OMCHUS BApUAIIMOHHOTO psia Pe3yJbTaTOB U3MEPEHUH ee
MPOU3BOJMHAS TEPHHUT pas3pbiB. g pemeHus 3TOW 3amadyd MO PAAy NPUYMH [EIecO00pa3HO MPUMEHUTH
MaTEeMAaTHYCCKUI ammapar CriaXdBaIOMMX CIDIAaHHOB. TakuM 00pa3oM, 3amady IONYYCHHS SMIHPUICCKON
IUIOTHOCTH pAacHpeleNicHrs 10 Maioil BBIOOpKEe OyZeM pemarb B CIEAYIOMed IOCIeNOBaTENFHOCTH: IO
pe3yimpTaTaM U3MEpeHWil ompenenuM (QYHKIHIO HAKOIUICHUS YaCTOT;  IIONYYEHHYI (YHKIHUIO CriaguM
HOPMaJIM30BaHHbIM KyOuueckuMm B-crumaitHoM; npomuddepeHurpoBaB 3TOT CIjlalH B aHAJIUTHYECKOM BUJIE
MOJIyYHM BBIpaKEHHUE JUIS IUIOTHOCTH  PAcCIpeeNieHHs CITy9aifHON BEIMINHBL.

[lyctp umeercs HaOOp M3MEPEHUH X;,X,..Xy. B pe3ynapTare MX CTaTUCTHYECKOH 00pabOTKHM MOYKHO HMOIYYIHTH
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Pacemotpum obmacts ¢p=[a, b/, Ha xoTopoii onpexnenena ¢pyukuust I, (x) . BBexeMm Ha ¢h MHOXKECTBO Y37I0B C

PaBHBIM maroM pazoueHus A : A:xy<x;=a<x;<...<xy=b<xy.; . 3)
[Mosy4nm aHAIUTHYECKOE BBIPAKEHHUE [UIsl CILIAKH - anlpoKCUManuy (GYHKIMH HAKOIUICHHs 9acToT (2) B BHIE
CHCTEMBI CTIIAKUBAIOIINX KYOMYECKINX HOPMaJI30BaHHBIX B-cruraitHoB nedekra 1:
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3amady criaxuBaHus OyeM pemaTh MUHUMH3HPYS GyHKIHOHAMN Bz [1]:
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rae o - koddouipent craaxuaHus; F (xl.) - 3HAYCHHE CTIIAXKMBAEMOW (YHKLHMU B y3iax ceTku; [ (xl.) -

3Ha4YeHHUeE CIIIaiHa (4) B TOUKE X;;

F "(x)| - MOZyJb BTOPOM MPOM3BOHOM cIaiina (4).
IMocne HeCHOXHBIX apUPMETHYECKHX NPeoOpa3oBaHMii, IPYNIMPOBAHHS OTHOCUTENLHO KO3(QHUIHEHTOB
CIUIaiiHa U TI0ICTAHOBKH B (4) MOJIy4HM aHAIMTUYECKOE BhIPAXKEHHUE [JIs CILIaiiHa B BUJIE:

N-1
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Takum o6pazom dyHkMoHaN (7) 3anuIIeTcs: B BUE:
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Hns Haxoxzaenuss koddduuueHtoB crutaiiHa (8) mpuHOcsmero MuHUMYM (QyHKUOHOHATY (9) BBIYHCIAM
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YaCTHBIE npomBo,uHmeE (i=0;N +1) u npupaBHseM ux Hy0. B pesynprare 3TOH OEpaluy MONYYHM
J

cucreMy u3 N+2 JHMHEHHBIX YypaBHEHMH MaTpuuHas Qopma, KOTOPHIX HMEET BHJIA: E(A B)= Z,

(10
rae
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Marpuna ko ¢punnento cucrems (11) uMeer ceMuIuaroHaaIbHBIA BUJI M XOPOLIO 00yCIIOBIJICHA.
Jns cokpalieHus: BBIYMCIMTENBHBIX 3aTpaT NPUMEHUM Uil pemieHus cucteMbl (11) uTepalMioHHBIH MeTox
SIko6u [2]. Tlpu 3TOM pellieHre ¢ TOYHOCTBIO £ , e & > 0 - 3a1aHH0e YKCII0, 3aUIIETCs B CIIEAYIONEM BUIE:
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rne n=0,1,2,...,n - HOMep UTepanum.
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Puc.1. Hesi3ka npu 3amaHHBIX KodpPuIeHTaX O .

Ha puc. 1 OPUBEACHBI PE3YJbTATbI BbIYUCIUTCILHOTO

8 e W e R e skcnepuMenTta. Pemanace cucrema pasmepHocTsro M=20. Ilpu
9TOM  TPEJIOKEHHBI METOX TO3BOJSET CYIIECTBEHHO YMEHBIIUTH OOBEM BBIUYMCIHMTENBHBIX 3aTpaTr H
pacnapauleNuTh BBIYUCINTEIBHBINH TPOIECC, YTO BAKHO IPH MOCTPOSHWH COBPEMEHHBIX HHU(POBBIX CHCTEM
00pabOTKH CHUTHAIOB. DTO CIIEAYeT W3 TOTO, YTO NPH pemeHnn cucteMbl (11) myrem oOpameHus matpuisl A
notpebyercs mopsimka (N +2)° +(N +2)*(N) ~2(N +2)’ omepammii. Kax crmexyer m3 puc 1. B cuy
JIMaroHaJbHOrO BUIA MeTO/1 SIKOOH B HallleM Cilydae XOpOILOo CXOIUTCs yxe mocie 6-10 urepanuii. Takum oOpazom,
pemenne B cootBeTcTBHH C (12) moTpebyer 13mN omnepaumii, rne m — uucino wurepamuid. pu m=10, N>8

(N +2)°

BBIMTPBIIT B BbIYMCIIUTCIBHBIX 3aTparax COCTaBUT T pas. HpI/I 9TOM TIpaHUlla FapaHTPIpOBaHHOﬁ

4
ycToiunBocTH Metoa SIkoOu ompenenurcs B HamieMm ciaydae kak (< p < E Ipu p =0 wmarpuia A WIOXo

00yCIIOBIICHa, CUCTEMA PEIICHUH HE NMEeT.
B nanpreiimem, quddepeHnnpyst B aHanuTHYECKOM BHUE (8), MOTy4YNM BBIPaKEHUE 1T OIIEHKH IIOTHOCTH
pacnpeneseHus Ci1y4aiHoN BEIMYMHBI B BUJE:

N-1 ZQ ¥ 1
p(x) = Z;[E(bnz - 3bi+l + 3bi - bi—l) +7(bi+] - 2bi + bi—l) +E(bi+l - bi—l)j' (14)

Jns moiydeHHsi OKOHYATEIbHOI'O BBHIPAKEHUS HEOOXOAMMO COOJIIOCTH YCJIOBHE HOPMHPOBKH IUIOTHOCTH
pacrpeiesieHudst CiydaiiHoii BeanunHsl. [ockonbky GyHKImMs p(X) nMeeT 3HAUYCHHs! OTIMYHBIE OT HYJSL TOJIBKO Ha

b
obnactu ¢p=/a,;b], TO yciioBue HOPMUPOBKH MOXHO 3aIlFCaTh B BUJIE: j p(x)dx=1 . (15)
a
Takum o0paszoM, 3aJa4a HOPMUPOBKU PE3YJIbTATOB CIIIAXKHUBAHHS CBOJUTCS K OINPEICICHHI0 HOPMUPYIOIIETO
KOod(pduUIMeHTa A TONYyYSHHOW OLCHKH IUIOTHOCTH pacIpelesieHus. BreipaxkeHue s 3Toro koddduimenra, ¢
yaeroM (14) u (15) 3amumrercst B Buze:
l N-1%i+1 )
K E ; J.Z (bi+2 - 3bi+] + 3bi - bi—l ) + 27( (bi+l - Zbi + bi—]) + (bm - bi—] ))dX =1. (16)
rae K - Hopmupyrommii k03 HULHEHT OLEHKHU IUIOTHOCTH PACIIPE/ICIICHUSL.
B pesynbTaTe 0oJIy4nM BeIpaXeHHUE, ONpeeistollee HOpMUPY oLt kodpduimeHt:

K= 6 . (17)
b, ,+4b,  +b, —b, —4b —b,

C yuetom (17) Beipaxenue (14) npumeT B
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Puc. 2. [InoTHOCTH pacipeneneHus npu
3aJaHHBIX KO3 GHULIHEHTaX PO .
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PesynbpraTsl uccnenoBaHUs BIUSAHUS KOI(MQHIMEHTa CIIaXHBAHUS L0 Ha BHJ IIOJy4aeMOH IUIOTHOCTH

pactipenesnenus npuBeaeHa puc.2. Takum o0pa3zoM, yBeandeHHue Kod(GGHUIMEHTa B JaHHOM Cllydae SKBHBAJICHTHO
YBEIMUYECHUIO BHIOOPKH.

BouiBoabl. Takum 00pa3om, B pe3ysbTaTe IMPOBEACHHBIX aHATUTHIECKUX BBIKIAJOK ITOJIYYE€HO BBIPAXKEHHUE IS
CTTIAKUBAIOMIETO KYOMYECKOr0 HOPMAaTH30BaHHOTO B-crmaiiHa ofHOI mepeMeHHOW, Ha ero OCHOBE pa3paboTaH
ITOPUTM JUISl TONYyYEHHS! OLEHKH IJIOTHOCTH PAaclpefeleHUs] 10 Majloil BBIOOPKE PE3yJIbTaTOB M3MEPEHHH C
UCTIONIb30BAaHMEM HTEPAMOHHOTO MeTona SIkoOH, MO3BOJISIOIIETO CYHIECTBEHHO COKPATHTh BBIYHCIUTEIbHBIC
3aTpaThl M PacMapajuIeIUTh BbIYMCICHHS.  [lomydeHHbIE TpaHUIBI TapaHTHPOBAHHOM CXOJUMOCTH METOAA
MIO3BOJISIOT 0OOCHOBaHHO BBIOpATh MapamMeTp pO .
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METHOD JACOBY IN A TASK OF SPLINE-APPROXIMATION OF DENSITY OF DISTRIBUTION
Bezuglov D., Mironovich D., Reschetnikova I.
The Rostov institute of service (branch) The South - Russian state university of economy and service

In many scientific - applied tasks of digital processing of radio engineering signals characteristic the task of
reception of an estimation of density of distribution of casual size is.

The purpose of present clause is the development of highly effective algorithm of an estimation of unknown
density of distribution of casual size on small sample on the basis of smoothing normalized cubic B - splines with
use of an iterative method Jacoby, allowing it is essential to lower volume of computing expenses.

The analysis of existing methods of statistical processing shows, that in case of small sample the construction
of empirical function of distribution of casual size is more proved, rather than density of distribution of this casual
size. It is explained to that the function of distribution monotonously grows on all range of definition and
consequently is less critical to the sizes of sample. However, this way of reception of density of distribution is
connected to impossibility of differentiation of function of distribution of frequencies - empirical analogue function
of distribution, as it has a step kind and, so, in units of splitting of a variational number of results of measurements
its derivative bears break. Thus, a task of reception of empirical density of distribution on small sample we shall
solve in the following sequence: by results of measurements we shall determine function of accumulation of
frequencies; received function shall smooth normalized cubic B - spline; differentiating this spline in an analytical
kind we shall receive expression for density of distribution of casual size.

The iterative method Jacoby is applied for the decision of the received system of the linear equations for
reduction of computing expenses in job [2].

The system by dimension M=20 was solved. Thus the offered method allows essentially to reduce volume of
computing expenses and to devide computing process, that is important at construction of modern digital systems of
processing of signals. It follows that at the decision of system of the linear equations by the reference of a matrix it

is required (N +2)’ +(N +2)°(N)~2(N +2)’ operations. As follows from the results, received in job, the
method Jacoby in our case well converges already after 6-10 iterations. Thus, at n=10, N > 8 where n - number of

N . , : N+2)’ .
iterations, the prize in computing expenses will make % of time. Thus the border of guaranteed stability of

4
a method Jacoby will be determined in our case as 0 < p < E . At p =0 the matrix of system is badly caused, and

she of the decisions has no.

Thus, as a result of the carried out analytical calculations the expression for smoothing cubic normalized In -
crutaiiHa one variable is received, on its basis the algorithm for reception of an estimation of density of distribution
on small sample of results of measurements with use of an iterative method Jacoby is developed, allowing it is
essential to reduce computing expenses and pacmapamienuts of calculation. The received borders of guaranteed
convergence of a method allow is proved to choose parameter p .
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