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AnHOTanusa

Ilesb paboOTHI — MOCTPOEHHE JATYMKOB MCEBIOCTYYAHHBIX YUCET Ha OCHOBE PA3JIOKECHMI
HOYTH HOJUAJAYECKHX YUCEN II0 CTENeHAM 3aJaHHOrO 4mcia. IlonmaaudecKuM 49UCIOM IpH-
HSTO HA3bIBATL P Buga y . apn!, tae 0 < a, < n, a, — uenoe uucio. Paapr nogoGuoro
BHUJIA, CXOIAINIMECS BO BCEX MOJAX P—aJUIeCKUX IHUCEJ, KPOMe KOHEUHOTO UX YHUCJIa, UMEIOIIne
parmoHasbHble KO3(hMUIMEHTHI, HA3BIBAIOTCA TOYTH NOJIUAIUYECKUMHU YUCTAMU.

Pacemorpum dyHKImoHanbEbIe paast Buaa » o o (A), 2", tae (A); =1, (A), =A(A+1)...
(A+n—1), 1e. (A),, — cumson IToxrammepa, a A — paroHATLHOE YUCT0. DTU PAJIBI, OTIHIHBIE
OT MHOTOYJICHOB, UMEIOT HYJICBOH PAyC CXOAUMOCTH B II0JI€ KOMILIEKCHBIX YHCEJT, OTHAKO OHH
UMEIOT PAJUYChl CXOAUMOCTH, 0oJibinue 1 B 11060M 10J1€ P — aJIM4eCKUX YUCe]1, KPOME KOHEIHOrO
quCsIa TOJeil p — aJIU9eCKUX YHUCEN, TE€X, B KOTOPBIX P BXOAUT B 3HAMEHATE]Ib HECOKPATUMOM

Japodu; A.
Bynem cumrarh, uro A\; = ‘g—;, i = 1,...,m, roe a;, b; — Harypanpubie uuciaa, H.O.Jl.
(ai,b;) =1,i=1,...,mu X, —\; € Z upu i # j. MOXKHO IOKa3aTh, 9TO PU ITUX YCIOBUIAX
[e%S) noron -
paapt "o (Ni), (b)) Z", i =1,...,m anreOpanvecKn HE3ABACHMbI HA/JI, [IOJI€M PAIHOHATBHBIX

dbyuxumit or z [1].

U3 sroro cnemyer GeckoHeuHas ajrebpaudeckas HE3aBHCUMOCTH MOJIHMAIUYECKUX UHCE]T
Sy A 00)" i = 1,y [2)

n=0 1/n\Y1 yt=1L1,...,Mm -

MoKHO BbICKa3aTh IPEANOIOKEHHE O TOM, 4TO IUMMPbI PA3JIOKEHUH HYACTUYHBIX CYyMM

N n .
Yoo (Ai), (b:)", i = 1,...,m paccMaTpuBaeMbIX POB 00/IaJAI0T HEIUIOXUMH CTATHCTHYe-

CKMMHM CBOMCTBaAMU. B crarhe onmncanb pe3yIbTaThl HpOBeﬂéHHbIX IKCIIEPUMEHTOB.
Karouesvie carosa: moaru IOJTUaJIUIECKUE YUCIIa, HCGBILOCquafIHbIe qucJiIa.
Bubauozpagus: 15 nHazBanuii.
s muTupoBaHus:
Martseer, B. FO. O mogxose K MOCTPOSHUIO MOCAEI0BATEIBHOCTH TTCEBIOCYIalHBIX YUCET, OCHO-

BAHHOM Ha DA3/IOKEHUAX mosmaandeckux ducen // Uebwimesckuil cobopruk, 2025, 1. 26, Bbin. 4,
c. 454-460.



O 110/1X0/1e K TOCTPOEHUIO TTOCAEI0BATEIBHOCTH MICEBI0CTY YafHBIX TUCET. . . 455

CHEBYSHEVSKII SBORNIK
Vol. 26. No. 4.

UDC: 511.36 DOI: 10.22405/2226-8383-2025-26-4-454-460

An approach to constructing a sequence of pseudorandom numbers
based on decompositions of polyadic numbers

V. Y. Matveev

Matveev Vladimir Yur’evich — candidate of physical and mathematical sciences, Institute of
Economics, Mathematics and IT of RANEPA (Moscow).
e-mail: salomaa@mail.ru

Abstract

The aim of the work is to construct pseudorandom number generators based on expansions
of almost polyadic numbers in powers of a given number. A polyadic number is usually called a
series of the form Y~ a,n!, where 0 < a,, < n, a, is an integer. Series of this type, converging
in all fields of p—adic numbers, except for a finite number of them, having rational coefficients,
are called almost polyadic numbers.

We shall assume that \; = %, i = 1,...,m, where a;, b; are positive integers, N.O.D.
(ai,b;)) = 1,4 =1,...,m and \; — A\; € Z for i # j. It can be shown that under these
conditions the series Y oo (\;),,(b:)"Z", i = 1,...,m are algebraically independent over the
field of rational functions of z [1].

This implies the infinite algebraic independence of polyadic numbers > 7 (A;), (b:)",
i=1,...,m[2].

It can be assumed that the expansion digits of the partial sums 27]:’:0 (Xi), (0:)",i=1,....m
of the series under consideration have good statistical properties. The article describes the results
of the experiments conducted.
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1. OcHOBHOI1 pe3yJbTaT

Paccmorpum dyskiponansusie paast Buga » oo o (X), 2", te (A)g =1, (A), =A(A+1)...
(A+n—1), 1e. (A), — cumbos Lloxrammepa, a A — panuoHAIBHOE YHCIO. DTH PAJIBI, OTJINYHBIE OT
MHOT'OYJICHOB, UMECIOT HyﬂeBOﬁ PaanyC CXOAUMOCTH B ITOJI€ KOMILJIEKCHBIX 9NCEJI, OJHAKO OHU MMEIOT
PAIUYChl CXOUMOCTH, OoJbIne 1 B JIOOOM [OJIe p — aJMYecKUX 9uces, KpoMe KOHEYHOrO YUCIa
ToJIell P — AAMYIECKUX UHMCETI, TeX, B KOTOPBIX P BXOAWT B 3HAMEHATEh HECOKPATHMON Ipodm A.

Bynewm cumrats, o A; = Z—:, i=1,...,m, vae a;, b; — narypambubie uncaa, H.O. /1. (a;,b;) =1,
i =1,....mu N — X € Z upn i # j. MoXKHO 10Ka3aTb, YTO NPH STHX YCJOBUAX DsIbI
o0 n_n y
Yoo Xi), (b)) 2", i = 1,...,m. anrebpantdecKn He3aBUCHMbBI HAJ, TOTEM PaIMOHAIBHBIX (DYHK-

it ot z [1].
W3 sroro crenyer GeckoHeTHAsT aarebpanteckas HE3aBUCHMOCTE TTOJINAIIECKIX THCET

ZZO:O (Az)n(bz)nzn, 1= 1, N 1 [2]
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Tepmun «beckomewHasa anredpanmtdeckas HE3ABUCUMOCTb» TpedyeT mogcHenusd. COBOKYTHOCTH
3HAYEHNil, TPHHIMAEMbIX STUMH PAJAMA B HOJIAX P — JUIECKUX UHCEN, MOXKHO PaCCMAaTPUBATH,
Kak OeckonednoMmepHble BeKTOPbI. OIeparun CI0KeHUsT U yMHOXKEHHUS 9TUX BEKTOPOB OLPEeIs-
I0TCsl IOKOOPMHATHO. DTO [I03BOJIAET OLPEe/Ie/IUTh 3HaUYeHue MHOIOU/IeHa C IeJbiMu Koadduriuen-
TaM¥ OT TaKnX BeKTOPOB. COBOKYITHOCTH TAKNX BEKTOPOB HA3BIBACTCST OECKOHETHO anrebpamdecKn
HE3aBUCUMOIi, eCyn J7Ist JII0O0r0 MHOTOWICHA C EIBIME KO MUITHEHTaM K, OTJIHIHOTO OT HYJIEBOTO
MHOTOU/IEHA, CYIIECTBYET OECKOHETHOE MHOMKECTBO TIPOCTHIX UNCEs P TAKNX, 9TO IPH [TOICTAHOBKE B
9TOT MHOTOYICH 3HAUCHUIT PACCMATPUBACMBIX PS/IOB B TIOJIE P — A HYECKIX GUCET [0y IaeTCs HeHy-
neBoe p — agudaeckoe gucio [1]-[13]. Ormernym, 910 U3 GeCKOHETHOH TPAHCIIEHIEHTHOCTH HE CJIEyeT
x0Tsl OBl HPPANNOHATBHOCTH CYMMBI PDACCMATPHBAEMOTO Psifia B KOHKPETHOM II0JIE€ P — &JUIeCKUX

qHCET.
Tem e Menee, MOKHO BBICKA3aTh MPEIIIOJIOKEHUE O TOM, YTO MU Pl PABTIOKEHNN TaACTUIHBIX

N .
cyMM Yoo (Ai),(bi)"2", i = 1,...,m paccMaTpHBAaeMbIX PANOB 00JAJAI0T HEITOXUMH CTATHCTU-

YeCKUMU CBOMCTBAMU. B CTaTbhe OIIMCAHbI PE3YJ/IbTATHI HpOBe,ZLéHHbIX IKCIICPUMEHTOB.
OrMmerumM BHaYAJIE, YTO

N N
ai =Y (A, 0)" =D ailai+b)...(ai+ (n—1)b),i=1,...,m,
n=1 n=1

YTO MO3BOJISIET JIETKO BHITHCTATD KaxXK0e CeIyVIolIee caaraeMoe B 3Tol cymme. lelicTeuTensHo,
JIIS KAXKJA0TO ¢ = 1, ..., M TOJOXKIM

Coi =a;,Cry = Cho1;+bi,n=1,2,...,N,
Ao = aiy, Apy1i = AniCrisn=0,1,...,N — 1,

S(),i = ay, Sn+1,i = Sn,i + An_,_l,i,n =0,1,...,N — 1. (1.1)

Bribupars menbie uncia a;, b; MOXKHO MOYTH MPOU3BOJILHBIM 0OPA30M, JUIIL ObI TOTBKO BbI-

TOTHAMACEH yCAOBHA: \; = 3+, 4 = 1,...,m, rae a;, bi-marypampurpie ncaa, H.O. . (a;,b;) = 1,
i K2 . . [¥)

i=1,....mu X\ —\; € Z nupu i # j. Betbop umces m, N 3aBUCHT OT mOoTpebHOCTEH 33124901, I

M3yYeHnsd KOTOPOil TpebyIOTCs IICeBI0CIY IaiHbIe UNCIa.

B kauectBe mpumepa paccmorpum m = 3, N = 10000. Yncaa ay =1, by =6, a0 =7, by = 9,
a3 = 9, b3 = 10 . llonyuennbr 3 ymcia, uMmeroIIne, coorBercTBeHHo, 45660 necaruunbix u 151676
JIBOMYHBIX 3HAKOB. Kaxxt0e n3 srux quces ObLIO MOJBEPIHYTO MPOBEPKE ¢ MOMOIBI0 TecToB NIST.
B npusenenHbIxX HEKe TaOIUIAX B IIPABOM CTOJIOIE CTOAT ApobU BHUIA P/(, T/ ¢—KOJTUIECTBO BBI-
OOPOK JBOMYHBIX [OCAEI0BATENIBHOCTEN, P — MUHUMAJILHOE 3HAYEHUE TTPOXOAUMOCTH JJIsi KAXKI0I0
CTATUCTUYECKOTO TECTA, 3 MCKJIIOUEHNEM TECTa Ha CIydaiiHoe oTKjoHenne (Bapwant). Munnmarn-
HOE 3HAYEHWe MTPOXOIUMOCTH JIJIsT TeCTa Ha CJIydaiiHoe OTKJIOHeHWe (BapuaHT) He ompeesneHo. 1lpn
MTPOBEIEHNH TECTOB pa3Mep BHIOOPKHW OBLT 33 aH MPUOIN3UTENHRHO PABHBIM 15167 ABOMIHBIM duC-
JIaM, KOJIMIeCTBO BHIGOPOK pasHbIM 10.[15]

Bribpanbl Hauxyaime pesyabTaThl TPOXOKIEHIT TECTOB.
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Haumenopanue B makere NIST | a1 =1, by =6
Frequency 10/10
BlockFrequency 10/10
CumulativeSums 10/10

Runs 10/10
LongestRun 10/10

Rank 10/10

FFT 10/10
NonOverlappingTemplate 9/10
OverlappingTemplate 10/10
Universal 10/10
ApproximateEntropy 10/10
RandomExcursions | ——————
RandomExcursionsVariant | — — — — ——
Serial 10/10
LinearComplexity 9/10
HaumenoBanume B makere NIST | ao =7, by =9
Frequency 10/10
BlockFrequency 10/10
CumulativeSums 9/10

Runs 10/10
LongestRun 10/10

Rank 10/10

FFT 10/10
NonOverlappingTemplate 8/10
OverlappingTemplate 10/10
Universal 10/10
ApproximateEntropy 8/10
RandomExcursions | ——————
RandomExcursionsVariant | — — — — ——
Serial 10/10
LinearComplexity 10/10
Haumenopanue B makere NIST | a3 =9, b3 =10
Frequency 10/10
BlockFrequency 10/10
CumulativeSums 10/10

Runs 10/10
LongestRun 9/10

Rank 10/10

FFT 10/10
NonOverlappingTemplate 8/10
OverlappingTemplate 10/10
Universal 10/10
ApproximateEntropy 9/10
RandomExcursions = | ——————
RandomExcursionsVariant | — — — — ——
Serial 9/10

LinearComplexity
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JList IpOBEPKM COBOKYITHOTO KAYECTBA IMOIYyYEHHBIX TIOC/IEI0BATEILHOCTENH 1uddp BCE ITH TPHU

MOCJIEIOBATEIBHOCTH OBLITH COBMEIIEHBI B OTHY (IIPOCTO TTOCTABJIEHBI OJTHA 3a JPYTOil) ¥ CHOBA MOJI-
BEPTHYTHI poBepKe ¢ momorbio TectoB NIST.

2.

HaunmenoBaume B makere NIST | a1 =1, by =65 ao =7, bo =9; a3 =9, b3 =10
Frequency 10/10
BlockFrequency 10/10
CumulativeSums 10/10
Runs 10/10
LongestRun 10/10
Rank 10/10
FFT 10/10
NonOverlappingTemplate 9/10
OverlappingTemplate 10/10
Universal 10/10
ApproximateEntropy 10/10
RandomExcursions | ——————
RandomExcursionsVariant | — — — — ——
Serial 10/10
LinearComplexity 10/10
3akJIIovueHmne

OTmMmeruM 9TO CIICIIaJIbHO Bbl6paHbI HauxXyauine u3 pe3yjibTaTOB HCIOBITAHUN 1 JdazKe OHU OKa-

3aanCh BecbMa xopormumu. Kpome mpuBeeHHbIX BbIIIe TPUMEPOB, ObLIN MPOBEAEHBI YNCIOBBIE DKC-
TIEPUMEHTHI ¢ PA3TUIHBIME M, /N 1 OHHU TaKXKe JaJIU XOPOIINe Pe3yIbTaTh.

Ilnanupyercss pacmmpuTh KJIaCC PACCMATPUBAEMBIX O0OBbEKTOB U MOJYYUTh HOBBIE MCTOUYHUKN

XOPOIIAX [CeBIOCTyYaiiubix yuces.[14][15].
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