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Annomauuﬂ. HpeI[CTaBJ'IeH MCTOJ HaxXOXACHHA HaAWITYy4dlICro HpI/I6J'II/I)KeHI/I}I IIJIOTHOCTH
pactpenenenust lllamnepHoyHa cryneHuaTbIMH (YHKIMSIMH Ha 3aJaHHOM HUHTepBaie. [lpumenen
QITOPUTM KBAHTOBAaHHUS IUIOTHOCTH pacnpenenenus I[llammepHoyHa B mpocTpaHCTBE (PYHKITUMN-
CTYIICHCK Ha 3a/ITaHHOM OTPEC3KE.

Abstract. A method is presented for finding the best approximation of the Champernowne
distribution density by stepwise functions over a given interval. The algorithm of quantization of the
Champernoune distribution density in the space of step functions on a given segment is applied.

Knrwoueswvie cnosa: sxcTpemManbHOe 3HaUeHHE (QYHKIMH, TOYKH SKCTpeMyMa (yHKINH, CHCTEMa
ypaBHeHI/Iﬁ UL HAXOXKACHUA SKCTPpEMyMa (bYHKI_II/II/I, HHTCIPAJIbHBIC YPABHCHUSA ,dJITOPUTMBI CIKATUA
rpauYecKux JaHHBIX, YMCIECHHBIE METOJbl aHallu3a, aBTOMAaTHKa, udpoBas oOpabOTKa TaHHBIX,
MaTeMaTHYeCKue MeToAbl 00paboTku HHGPOpMAIUU, HAWIydline npuOImkeHue (QyHKIMA B B
MCTPUYCCKHUX W HOPMHPOBAHHBIX MNPOCTPAHCTBAX, PA3HOCTHBLIC YPABHCHHA, CTAIMOHAPHBLIC TOYKHU ,
MHUHUMAJIBHOC 3HAYCHUC (bYHKI_II/II/I, HHTCIPAJIBHBIC YPaBHCHUSA, BbIYUCIICHUC OIPCACICHHOTO
HHTCrpaia ¢ ABCHAAUATBIM ITOPAAKOM MMOI'PCHIIHOCTH.

Keywords: the extreme value of the function, the extremum points of the function, the system
of equations for finding the extremum of the function, integral equations, algorithms for compressing
graphical data, numerical methods of analysis, automation, digital data processing, mathematical
methods of information processing, the best approximation of the function in metric and normalized
spaces, difference equations, stationary points, the minimum value of the function, integral equations,
calculation of a definite integral with the twelfth order of error.

1. BBegenune

B pabore wucnonb30BaH aNroOpuUTM HAaXOXKJIEHHUS HAWIYYLIero MNPHUOIMKEHHS IUIOTHOCTH
pacnpeaciicHu-d ]_HaMr[epHoyHa CTYIICHYATbIMHU q)YHKI_II/ISIMI/I Ha 3aJaHHOM OTpPE3KE, B KaydcCTBC
pacCToAHHA UCITOJIB30BaIaCh MCETPHKA KBAAPATUYHOT'O OTKIIOHCHU.

2. KBanToBanMe (QyHKIMH IUIOTHOCTH pacnpenejenus LlamnepHoyHa B MeTpHKe
KBaJIPATUIHOI0 OTKJIOHCHUHA

Onpeodenenue. Ilyctb meN. Oyakuusa f, :[a,b] > R(a <b) Ha3pIBaeTCsT M-KyCOYHO-TIOCTOSIHHON

Ha [ab] , ecmm 3 x <x, <..<x _, TaKWe 4YTO:
X =a<X <X, <..<X , <b=X

m
1

f,(x) =y, =const Vx e (Xi—l’xi)’ fo () =Y f, () =Y. Y # Y, Vi=lm-1

Jlnst MHOXKecTBam-—  cTymeHYarbix GyHkmuii (m-  ypoBHei) f,,:[a,b] >R(a<b) BBemem
ob0o3HaueHue S, [a,b].

ITycte f:[a,b] >R, f eC’[a,b], f'(xX)<0 Vxe[ab],meN. [us MmOAy4eHHS MHHAMYMa OIIAOKH
OTKJIOHEHHSI HYXHO B TMPOCTPAHCTBE M- CTYNEHYATHIX (YHKIUNA BBIYUCIUTH HaWTydIlee
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npubixenue hy :[a, b] —R ¢yskmum f:[a,b] >R B MeTpuKe KBagpaTHYHOTO OTKIOHEHHS, TAKOE YTO
dist =|| f —hy|..

|f - fulce - Torna, paccTosiHne OLEHMBAETCS Kak:
[a.b]

Cluw feS [ab]
b b
o ~ ~ 2 . 3 2 0, . _
dist = f ~ 2 = [ (001 ) dx= min [(F00= () dx= min [f~folcs, o
a a

[Tycts cTynmendartas (QyHKIus h,(x)=y, paBHa KOHCTAHTE Ha OTPE3Ke X € (X1, %), k=1m, 1pu
3TOM (PYHKITUS OIINOKU

G(Xpreoe Xy g Yy oonrYi ) ZJ FO)-y, )
k=1
Xt (2)

ONMCHIBACT KBAApAT OTKIOHEHHS CTyneHdaTtod ¢GyHkumu hy,:[a,b] >R oOT byHKIIN
pacnpenenenus f:[ab]->%R.
Jliig n+1 HeHyNeBOH CTyNeHU cucTeMa Jjsl YCIOBHSI SKCTpEMyMa IpPUMET BUJ :

f(B)=(C,+C.),i=1n

Bj
jf(x)dx:Cj(Bj -B,,), j=Ln+1
3)

To ects (3) conepxkur 2n+1 ypaBHeHuit 1 2N+1 HEU3BECTHBHIX.

Ha pucyHnkax HI>Ke IPeCTaBICHBI PUMEPHI KBAHTOBAHUS (PYHKIIMH IJIOTHOCTH
pacnpenenenus llamnepHoyna

n =1,A=x%x,=0 1
= f(X,0,hX) = pn & =4, 0 =f(x,oa=L1=0x,=0)=—————
y=Tlootx) cosh(ou(X—X,)) + A y="txe »=0) 4m*cosh(x)

Hwxe Ha pucyHke mnpuBeieH mnpumep pabOTh MpPOTpaMMbl IS OMpPEACNICHUs] YPOBHEH
npubmkenus ynkuuu maotHocTu [llamnepnoyHna ¢ 0-pIM mapameTpom JsiMOa AJIs YUCHIa CTYTIeHeH
paBHOTO M=10(COOTBETCTBEHHO ypoBHEH Oynet 20)
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Hwxe mnpencraBneHsl TrpaguuecKkue pe3yabTaThl padOThl MpOrpamMMbl s KOJUYECTBa

cryneneut pasaoro 5,10,20,40,80,160(u paccTosiHUS B CpEeAHEKBAIPATUIHON METPHUKE)

Ocb OY

Ocb OY

HeHyneBbix cTyneHen: 80 PacctoaHne=0.00056

0.08

o IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0 1 2 3 4 5
Ocb OX

HeHynesbix cTyneHen: 160 PacctosHne=0.00032

0.08

o IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0 1 2 3 4 5
Ocb OX

Pucynoxk 1 - Pesynbrat muist ypoBHel kBaHTOBaHUS: a) At M=80; 6) aimst m=160.
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Ocb OY

Ocb OY

0.08

0.08

HeHynesbix cTyneHen: 5 PaccToaHne=0.00897

0 1 2 3 4 5
Ocb OX

HeHynesbix cTyneHe: 10 PacctosiHne=0.00457

— — —

0 1 2 3 4 5
Ocb OX

Pucynoxk 2 - Pe3ynpTat nosyyeHus ypoBHel KBaHTOBaHUS: a) At M=5; 0) st m=10.
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HeHynesbix cTyneHen: 20 PacctoaHne=0.00227

0.08

Ocb OY

= IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0 1 2 3 4 5
Ocb OX

HeHnyneBbix cTtyneHen: 40 PacctoaHme=0.00114

0.08

Ocb OY

o IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0 1 2 3 4 5
Ocb OX

Pucynoxk 3 - Pe3ynbprar nonmy4yeHus ypoBHel KBaHTOBaHuUs: a) Ais m=20; 6) ains m=40.

bBosnee moapoOHO O MPHUKIAIHBIX METO/IaX ONTHMHU3AIIMHA MOXKHO MPOYUTATh B padboTax [1]-[4].
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Armomauuﬂ. HpI/IMeHeH METO YUCJIICHHOT'O PCIICHUA HaXO0XICHUA HaWJI1y4duero
npuOMIKeHUs i1 oOpaTHOM (DyHKUMU TIIOTHOCTH pachupenenenus lllammepHoyHa Ha MHOXECTBE
CTYIEHYAThIX (PYHKUUN Ha OTpE3KE.

Abstract. The method of numerical solution of finding the best approximation for the inverse
function of the Champernowne distribution density on a set of step functions on a segment is applied.

Knrouegvie cnoea: MCTPUUCCKUC IIPOCTpAaHCTBA, MCTPHKA, aBTOMATU3AllUA, KI/I6epHeTI/IKa,
YHCJICHHBIC METO/JbI B MHXXCHCPHBIX pacuCTax, MHTCIPAJIbHBIC YPAaBHCHUA, AJITOPUTM PCHICHUSA CUCTCMbI
ypaBHeHI/Iﬁ ,I[I/I(bQ)epeHI_lI/IaJILHO-pa?»HOCTHLIe YpaBHCHUS, METOJAbI HAXOXKICHUA SKCTpEMyMa, YUCIICHHBIC
METO/Ibl aHAJIN3a, AKCTPEMYM, CTAl[IOHAPHBIE TOYKHU, HAWIyYlllee NMPUOIMKEHNUE (PYHKIUN B JIMHEWHBIX
HOPMHPOBAHHBIX TIPOCTPAHCTBAX, YHUCIICHHOC BBbIYHUCIICHHEC HWHTCIPAJIOB C JIABCHAALATHIM IIOPSAAKOM
MOTPENTHOCTH, I(poBasi 00pabOTKa CUTHAJIOB, YMCIICHHBIE METO/IBI PEIICHHS YPAaBHEHUN , KPUTUIECKHE
TOYKHU, MATEMATUYCCKHUEC METOAbI U MOACIIN, KPACBBIC 3a1a91 1 MATCMATUICCKOC MOJICIIMPOBAHUC.

Keywords: metric spaces, metrics, automation, cybernetics, numerical methods in engineering
calculations, integral equations, algorithm for solving a system of equations, differential-difference
equations, methods for finding the extremum, numerical methods of analysis, extremum, stationary
points, the best approximation of a function in linear normalized spaces, numerical calculation of
integrals with the twelfth order of error, digital signal processing, numerical methods for solving
equations, critical points, mathematical methods and models, boundary value problems and
mathematical modeling.

1. BBegenune

B pabotre mpuMeHeH anropuTM HaxO0KJE€HUS HaWIydllero mpuOIrmkeHus oOpaTHOM (yHKUMU
IUIOTHOCTU PACHPCACICHUA HlaMnepHoyHa Ha MHOXCECTBEC KYCO‘{HO-HOCTOHHHLIX(CTYHCHLIaTBIX)
(GyHKIMI Ha 3aJaHHOM OTpE3Ke.

2. KBanToBanue ¢QyHKIMH IUIOTHOCTH pacnpeieieHusi LlamnepHoyHa B MeTpHKe
KBAa/IPATUHIHOI0 OTKJIOHCHUHA

Onpeodenenue. Illyctb meN. Oyaknus f, :[a,b] > R(a <b) Ha3pIBaeTCSI M-KyCOYHO-TIOCTOSTHHON

Ha [ab] , ecnm 3 x <x, <..<x _, TaKue 4TO:

X =a<X <X, <..<X, , <b=X_
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