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ABSTRACT

The analysis of statistical these errors of the navigation measuring, got last thirty
years in the model supervisions, showed that errors did not submit to the normal law
of distributing, and the histograms of their selections contain the surplus number of
members in extreme digits, that testifies to the positive excess of law of distributing.
Therefore, as alternative to the normal law the models of the mixed laws of
distributing of errors were offered, for which characteristic positive excess.

For providing of maximally possible exactness of observations of place of ship it
IS necessary to know the law of distributing of errors of the navigation measuring.
However, at the limited sample size of statistical materials of errors it is not
succeeded by standard procedure to define the law of their distributing, although
there is possibility to estimate the central moments of distributing. Thus if the
histogram of selection has a positive excess, it is possible to use decomposition of
closeness of distributing of errors by the orthogonal polynomials Ermit, not having in
the order of its analytical expression, and to apply him as closeness of distributing.

It is shown that the variety of laws of distributing of authenticity of random error
terms, the feature of which there is the presence of positive excess, can be compatible
by the use of orthogonal decomposition with the acquired values of central moments
of higher orders. Decomposition of normal closeness of the rationed error in the row
of Gramme - Sharle type A by the orthogonal polynomials Ermit is a classic result,
however for the standard closeness of law to Gaus of the uncaptioned error in work
certain coefficients of row of Gramme - Sharle type A, and led to orthogonal of the
Ermit polynomials.

The got result allows offering the universal method of description of closeness of
distributing of the uncaptioned casual size by its decomposition in the row of
Gramme - Sharle type A, that provides maximal exactness of observation of place of
ship at the unknown law of distributing of errors of measuring, that has a positive
excess.
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PEDEPAT

AHaJI3 CTaTUCTUYHUX JAHUX MOXHWOOK HaBIrallifHUX BUMIPIOBaHb, OJEPKaHUX
OCTaHHI TPHUILATH POKIB B HATYPHUX CIIOCTEPEIKEHHSX, MOKa3aB, IO MOXHUOKH HE
M1IKOPAIOTHCSI HOPMAJIbHOMY 3aKOHY PO3IMOALTY, a TICTOTpaMH iX BHOIPOK MICTATh
HaJMIpHE YHCIIO WIEHIB B KpaiHIX po3psaax, 10 CBIIYUTH MPO MO3UTUBHHUM €KCIIeC
3aKOHYy po3nofury. Tomy SK anbTepHaTHBHI HOPMadbHOMY 3aKOHY Oynu
3alpONOHOBAaHI MOJEN1 3MIINIAHUX 3aKOHIB PO3MOAUTY TMOXHUOOK, IS SKHX
XapaKTEpHUN MO3UTUBHUM €KCIIEC.

Jlns 3abe3meueHHs] MaKCUMaIbHO MOYIJIMBOT TOYHOCTI oOcCepBalliil Miclisl CyIHa
HEOOX1THO 3HATH 3aKOH PO3MOJITy MOXHOOK HaBiramiiHux BUMiptoBaHb. [IpoTte npu
oOMexkeHOMy 00'eM1 BUOIpKM CTaTUCTUYHUX MarteplajiB MOXMOOK HE BIIAETHCA 3a
JIOTIOMOTOI0  CTaHJIAaPTHOI MPOIEAYPH BU3HAUUTU 3aKOH IX pO3MOALLY, XOda €
MO>KJIUBICTh OI[IHUTH IIEHTPAJIbHI MOMEHTH po3noAuty. [Ipu 1ipomy sIKIo ricrorpama
BUOIPKM Ma€ TMO3UTHUBHUN €KCIIEC, TO MOXHA BHKOPUCTOBYBATU PO3KJIAJIaHHS
HIUTHHOCTI PO3MOILTY MOXHUOOK 3a JOTIOMOTOI0 OPTOrOHAJILHUX ToJIiHOMIB EpMmiTy, He
Mar4d B CBOEMY PO3MOPSIKEHHI 11 aHAIITUYHOTO BUpPa3y, 1 3aCTOCYBAaTU MOTO K
HIIJTBHICTH PO3MOJILTY.

[ToKa3aHo, IO PI3HOMAHITHICTh 3aKOHIB PO3MOJALTY BIPOTIJHOCTI BUIIAJKOBUX
MOXHOOK, OCOOJMBICTIO SIKHX € HAasBHICTb IO3UTHBHOTO €KCLECy, MOxe OyTu
yHI(p)IKOBaHE BHUKOPHUCTAHHSAM OPTOTOHAJIBHOIO  PO3KJIAJAaHHA 3  HaO0yTUMH
3HAYCHHSAMH ICHTPATHbHUX MOMEHTIB BHIIUX MOPSAAKIB. Po3KimamaHHsS HOpPMabHOI
IIUTBHOCTI HOpMOBaHO1 moxuOku B psan ['pama - Illapnee Tumy A 3a 10mOMOroro
OPTOTOHAJIBHUX TONIHOMIB EpMmiTy € KIacuuHUM pe3yiabTaToM, MpoTe s
CTaHJApPTHOI MIIILHOCTI 3akoHY ['aycy HeHOpMOBaHOi MOXUOKH B poOOTI BU3HAYEHI
koedimientn psaay I'pama - [llapnee Tumy A, 1 10Be/IeHa OPTOTOHAJIBHICTD MTOJIHOMIB
Epwmity.

OpneprkaHuii pe3ysbTaT J03BOJISIE 3aNPOMOHYBATH YHIBEpCAJIbHUN CMOCIO OmHCy
IIUTPHOCTI  PO3MOJUTY HEHOPMOBAHOI BHITAJIKOBOI BEIMYMHU 32 JOTIOMOTOO ii
poskiananus B psaja ['pama - Hapnee Tamy A, 110 3a6e3nedye MaKCUMaIbHY TOYHICTb
obceprarlii mMicls CyJHa TPU HEBIJIOMOMY 3aKOH1 PO3IMOIiTy MOXUOOK BUMIPIOBAHb,
110 Mae€ IMO3UTHUBHUHN €KCIIEC.

KuarouoBi cjioBa: HaBiraumiiiHa aBapiiiHICTb, 3aKOHU PO3MOJLITY BHIAJKOBUX
MOXHOOK, OPTOTOHAJIBHE PO3KIa/IaHHs IIIJILHOCTI pO3MOALLY, mojiiHoMu Epmity.

bibmuorpadis — 4 mxepena, UTIOCTpalliil — HeMae.

ITocranoBka npod/ieMbl B 001IeM BH/IE H €€ CBA3b ¢ BA)KHBIMU HAYYHBIMH
WM NPAKTHYECKHMHM 32Ja4aMHu

[Ipu peduumTe CTATUCTUYECKHX MATEPHAJIOB MOTPEIIHOCTEH HABUTALIMOHHBIX
MU3MEPEHHUI HE YIAETCs C MOMOIIBIO CTAHJAPTHOW IMPOLETYPbl ONPEAEIUTh 3aKOH UX
pacnpeneneHus, OJHAKO MOYKHO OLEHHUTh LIEHTPAJIbHbIE MOMEHTHI PACIPEACICHUS U
€ClIi THUCTOTpaMMa BBIOOPKHM HMEET «YTSKEICHHBIE XBOCTBI», TO MOXHO
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HCII0JBb30BAaTh PA3JIOKCHHUC IMIIOTHOCTH paCIpCaACICHUSA HOFpCIHHOCTeﬁ C IIOMOIIBIO
OPTOI'OHAJIBHBIX  ITOJIMHOMOB apMI/ITa, HC pacriojaragd ¢©¢ aHAJIUTHYCCKUM
BBIPAKCHHUCM.

AHAIM3 MOCJEAHMX AOCTHKEHUN W NyO0JIMKANWil, B KOTOPbIX HA4aTo
pellieHre TAHHOM NMPO0JIeMbl M BblJe/ICHHE HEPeILIeHHbIX pPaHee YacTed o0iei
npoo1eMbl

B pab6ore [1] paccMoTpena Mozenb GopMUpPOBaHUS CMEITAHHBIX PACTIPECTICHHMA
MOTPEIIHOCTe HABUTAIIMOHHBIX U3MEPEHHI, a B paboTe [2] mpeioKeHbl ABa THIa
CMEIIIAaHHBIX 3aKOHOB PACHPEACIICHUS MOTPEIIHOCTEH W3MEPEHUsS HABUTAIMOHHBIX
napameTpoB. B pabGore [3] mpeasnio’keHO HUCIMOJB30BaHUA  00OOIIEHHOTO
pacnpenenenus [lyaccona asis onMcanus Ciy4yalHbIX OTPEIIHOCTEN.

@®opmyJaupoBka uejeii crarbu (mMocTtaHoBka 3ajgaum) llenpro crTaTtbu
SBISETCS ~ pa3paboTka  YHHMBEPCAJIBLHOTO  CIIOCOOa  OMMCAHUS  CIOyYalHBIX
MOTPEIIHOCTEN  HABUTAIMOHHBIX HM3MEPEHUHW C TOMOIIBID  OPTOTOHAIBLHOTO
PA3JI0KEHUS UX TIOTHOCTU PACIIPEICIICHUS.

N3no0:xeHHe OCHOBHOIO MaTepuala MCCICAOBAHUSA ¢ O00OCHOBAaHHEM
MOJIYYEHHbIX HAYYHBIX Pe3yJabTATOB

OneHka TOYHOCTM OOCEpBAallMM CyJIHa BO3MOXXHA IPU H3BECTHOM 3aKOHE
pacrpeneneHuss BEKTOPUAIBHOW MOTPEIIHOCTH, AHAIWTHYECKWWA BHUI IUIOTHOCTH
KOTOPOM OJHO3HAYHO ONPEACISIETCS BBIPAKEHUEM 3aKOHOB  PACHPENCIICHHS
MOIPEIIHOCTEW N3MEPEHNI HABUTALIMOHHBIX [IapaMETPOB.

3aKkoH pacrpezesieHusl MOrPEIIHOCTe HABUTAIMOHHBIX H3MEPEHHM OJIM30K K
3akoHy [aycca [1], moaToMy MOXHO BOCHOJIB30BaThCS pe3ybTaTaMH padoThI [4], B
KOTOPOH TMOKa3aHO, YTO TIUIOTHOCTh pachpeneneHus f(X) IEHTpUpOBaHHOW W
HOPMHUPOBAHHOU CIIyYaWHOU BEJIMUYUHBI X MOXKHO IPEJICTABUTH PA3JIOKECHUEM:

f(X)=Co o (X)+c,0 D x)+c, 0@ X)/2..+cio V() /i, (D)

rie  ¢(X)=(2n) Y2exp(—x?/2) - HOpMambHAs MIOTHOCTh HOPMHPOBAHHOH |

LEHTPUPOBAHHOM CIIyYalHOW BEIIMYUHBI.
B pabote [4] nokazaHo, 4YTO MPOU3BOJHBIE BHICIIMX MOPSIAKOB OT HOPMAJILHOM

IJIOTHOCTH (p(l) (X) BBIpaKatoTCS 4epe3 OpTOroHalbHbIE MOJMHOMBI Jpmuta H; (X) :

oM ()=()"H. (No(x) .

rae H; (x):(—1)i{;—li[exp(—x2/2)]}exp(—x2/2).
X

Koaddurments c.B dbopmyre (1) Beruucistores no Gopmynam:

¢, =(@2m) 2 (-1’ Of H. (x)exp (—x?/2)dx.

—0
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B caywae, korga ciiydalHOW BEJIMYMHA X SBJSETCA HEHOPMHUPOBAHHOW,
PA3JI0KEHUE UMEET CIEAYIOIINI BUI:

f(xX)=co0(x)+c, 0P (x)+c, 0@ (x)/2L..+ cl.(p(i)(x)/i!.., (2)
e o(x)=2m) o exp(—x2/26%) u oM ()= ()" H, (WoD)e(x)

HpUYEM G - JUCIIEPCUs UCXOHOM ToTHOCTH f (X).
JIns HOPMHpPOBAaHHOW HOPMAJIBHOM IUIOTHOCTH OPTOTOHAJIBHOCTH MOJMHOMOB
OpMuTa 10Ka3zaHa B padbote [3], KoTopas BhIpa)KaeTcsl CIeAYIOMMNM 00pa3om:

o 0 mpum m=#n
[ Hn(OH, (X) exp (—x*/2)dx =
—o0 n!, mpu m=n

HOJ’II/IHOMBI OpMHTa IS HECHOPMUPOBAHHOM IUIOTHOCTHM HOPMAJIbHOTO 3aKOHA

rs

YIOBJIETBOPSIIOT YCIOBUIO:

exp(-x2/26%) Takke O0ONAHAIOT CBOMCTBOM OPTOTOHAIBHOCTH, T. E.

w 0 npuy Mm=n
[ H, (x/c®)H, (x/o?)exp(-x?*/262)dx =
— 62"n!, mpu m=n

Jli1st moucka BbIpakeHHU KOA((OUIIMEHTOB C,, YMHOXUM JICBYIO U MPABYIO 4aCTH

BbIpakeHus (2) Ha Hv(x/ 6?), MOYNEHHO MHTEIPUPYEM M YUMTHIBAEM CBOICTBO

OpTOTOHAJIBHOCTH ITOJIMHOMOB 9pMI/ITa B UTOIC MOJYYHUM:

Co

[ roH, (o) dx=—

—0o0

fH (X/GZ)H (x/c%)exp(—x2/262)dx +

* ety L GO DH (oo (<726 v+t (3)

OOpailaeM BHMMaHHWE Ha TO, YTO BCE 4JIEHBI MOJiydueHHOro psiaa (3), kpome
yleHa ¢ Kod(hduuueHTom ¢, COIEPXKAT MNPOU3BEJCHHUE IOIMHOMOB DpMHUTA C

pa3sHbIMU MHJACKCAMHU, 3TO B CHUITY CBOMCTBA OpPTOTOHAJIBHOCTHU IMOJIMHOMOB 06paLuaeT
HX IMPONU3BCACHUSA B HOJIb. CHC}IOB&TCHBHOZ

[ f(x)Hv(x/Gz)dx— m j (x/cz)H (x/c*)exp(—x2/26%)dx.
Hcnons3yss CBOWCTBO OPTOTOHANBHOCTH JUIsi MPOU3BENECHHS IIOJMHOMOB
DpMUTA C OAUHAKOBLIMU HHJEKCAMH, TIOTYUYHM:

0 C
J f()H (xlo?)dx= (2n)1/2v6(v!) G_zvv!(2n)”26:cvc_zv,

—00
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OTKYyHOa:
o0

c =6 [ f(X)H,(¥c?)dx.
—o0

HecoOcTBeHHBINi HWHTErpadl B TMpPaBOil  YacTU  PpaBEHCTBA  SBIACTCA
MHOTOWICHHOM OT MOMEHTOB IUIOTHOCTH pactpenencnus f(X). B moguaTerpamsHom
BBIDAKCHUH CIIEAYET YYMTBIBATH TOJIBKO YETHBIE IIOJUHOMBI OpPMHTA, TAK Kak
HEYETHBIC COJEPKAT IIEPEMEHHYIO X TOJIBKO B HEUETHBIX CTEIEHAX, YTO ONPEACIISIET
UX HYJIEBBIC 3HAUCHMS.

Jli1g k03¢ (HULMEHTOB ¢ YETHBIMU UHJIEKCAMU C - (s=1, 2, ...) cnpaBenHBO:

® vy . . .
czs :G4v J’ i;) (_l)l 0_2(2S_l)(1ivx2(v_l)f(x)dx:

v i ] o0 ; v . .
i g2 2(v—i) N~ (N <20
igo (=10 aiv_[)ox f(x)dx—l;o (-D'o aivuz(v_l-) )
e a, - Kod(phUIMeHTHI pY MTePEeMEHHOM X B TOJIMHOMAaX JpMHUTA.
1A%

Koaddumments ¢ 5 BPIPAKAIOTCS CITE/YIOTIHM oOpa3zom:

C,=ly lo*-3; (9KcIecc)
06:u6/06—15p4/c54+30;
C,=pg/0®—28ps/c®+210p, /0% —315;

Cp=Hig /0™ =455 /62 +630ps /0% —3150p, /0* +3780;
Cp,=M1o /o1? —6611g /o0 +1485p4 /o® —13860p ¢ /6°+51975.

BripaxkeHnue (2) 111 OpTOrOHAJILHOTO pa3iioskeHus mioTHocTH f (X) ¢ yueTtom
MOJIYYEHHBIX PE3YJIbTATOB IPUHUMAET BU/I:

Cos

(29)!

f (X)=(2n) Y26 lexp(-x2/26%)[1+ ¥ H,s(x/o9)],
S=2

B KOTOPOM G2 U | ,¢ BPITHCIIAIOTCA MO ucxotHOU TIOTHOCTH f (X), a BIpaskeHust I1s

YETHBIX MTOJMHOMOB DPMUTA UMEIOT CIAEAYIOMINN BU:

H,(y)= y*-6y%+3;

Ho(y)=y°-15y*+45y°~15;

H,(y) = »*-28y°+210y*~420y%+105;

H,, () = y°—45y8+630y°-3150y*+4725y2-945;

H,, (y)=y2-66'°+1485y5-13860+51975y* 62370y 2+10395.

B npuBeicHHBIX BhIpaKeHUsX Y = X/G 2,
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Takum 06p8,30M, OpTOroHajJJbHOC Pa3I0OKCHUC IIIOTHOCTH pPaCHpCACICHUA
BepOHTHOCTCﬁ IMOTPCIIHOCTU HABUTAITUOHHBIX I/I3M€pCHHﬁ ABJEICTCA aHAJIMTHYCCKUM
OIIMCAaHUCM 3daKOHA UX PACIPCACIICHUA B ABHOM BHUJIC.

BbiBOABI U MEepCcNeKTHBA JaJIbHelIIeil padoThl 0 JAHHOMY HAINIPaABJIEHUIO

B pabote mpousBeneH aHaau3 BO3MOXXHOCTEH MPUMEHEHHSI OPTOTOHAIHHOTO
pa3loKEHUs  IUIOTHOCTEW  pacHpelesieHUs  MOTPEIIHOCTE  HaBUTAMOHHBIX
M3MEPEHU C TIOMOIIbI0 TOJMMHOMOB OJpmuta. [lomydeHbl BbIpakeHUsl st
MMOJIMTHOMOB JpMUTa W KOA(PPHUIIMEHTOB pa3IOKEHUS MJIi HEHOPMUPOBAHHOM
IUIOTHOCTH HOPMAJIBHOTO 3aKOHa. B SBHOM BHAE TMOJYy4YEHBl OPTOrOHAIBHBIE
pa3lIoKEHUsI IUIOTHOCTEH Ha 0a3e HOPMHUPOBAHHOTO U  HEHOPMHUPOBAHHOTO
HOPMAaJILHOTO 3aKoHa. B nanmpHelem 11enecoobpa3Ho pacCMOTPETh OPTOTOHAIbHBIC
Pa310KEeHUs INIOTHOCTEN CMELIAHHBIX 3aKOHOB.
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