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Ona obecnevyeHns addHEKTMBHOrO KoaupoBaHusa UudpoBON UHGopMaunn TpebyoTes
nceBaocny4variHble nNocneaoBaTeNnbHOCTM CO CKOMb yrogHo Gonbluum neprogoM. CUHTE3 U uccnenoBaHue
CBOWCTB anropMTMOB, MOPOXAALWUX NocneaoBaTenibHOCTU C TakMMM CBOWCTBaMU, SIBNAETCH Lenbio
HacTosLen paboThbl.

OaHum n3 nepcrnekTUBHbIX cnocoboB dopmupoBaHus ncesgocnyv4anHon
nocrnegoBaTenbHOCTU UenbiX yncen {X)}sBnsieTcs anroputM C 3anasgbiBaHWeM, CO34aHHbli Ha OCHOBE
MOOENVPOBaHNS MPOLLECCOB B KOMbLEBbIX aBToOKorebaTenbHbiX CUCTeMax C AMHaMuyeckum xaocom [1].
OnckpeTHbI BapuaHT anroputMa onpegeneH Ha MHoxecTBe M uenbix 4vcen HaTypanbHOro psga us
uenoyncneHHoro otpeska [M4, My] (Mx>M4, M=M,-M,+1). Hapsigy ¢ M, OCHOBHbIM mapamMeTpom anroputma
ABnsieTcAd napameTp 3anasgbiBaHua Nz, OH onpegensieT KOMMYeCcTBO  3anasfbiBaloLMX  YIEHOB
nocnenoBaTtenbHOCTU (Xn1, Xp2, Xn3, --- XnNz» Xn-Nz), KOTOpble HEOOXOAMMO 3HaTb Ha KaAoM Liare Ans
onpegeneHMs HOBOro uneHa X, . dopmyna anroputma QOMOMHEHa onepauuer Bo3BpaTa uucna X, B
uHtepsan [M4, M;] B cnydae, ecnv NnpuHSATOE HOBOE 3HaYeHVe OKasblBaeTCH 3a ero npeaenamMu.

Yncna Xn1, Xn2, Xn3, ... Xnnz SBNAOTCA 00606WEHHbIMM KoopavHaTtamn B Nz-mepHOM da3oBoMm
NPOCTpaHCTBE [aHHOW AMHAMWYECKON CUCTEMbl M Kaxabli MX KOHKPEeTHbIn Habop onpepensieT paguyc-
BekTOp Ry (Xn-1, Xn-2s ---, Xn.Nz) U COOTBETCTBYIOLLYIO TOUKY COCTOSHUSI CUCTEMbI B 3TOM NpoCcTpaHcTBe. [onHoe
4YNCIO PasNUYHbIX BEKTOPOB 3anasfblBaHusi U TOYEK COCTOSIHUSA cUCTEeMbl B (pa30BOM MPOCTPaHCTBE paBHO
MM U kaxpoe M3 3TUX COCTOSHWA MOXeT 6biTb NPUHATO CUCTEMOW XOTS Obl B KayecTBe HayarbHbIX
YCIOBUMN.

Mpu Hagnexawem BbibOpe MapameTpoB anroputMa U HavarbHbIX YCIOBUM M3MEHEHUs BekTopa
COCTOSIHMSA, T.€. nepexobl U3 OOHOW TOYKM (Pa30BOro NPOCTPaHCTBa C KoopauHatamu R; B Apyryto TOYKy C
KoopauMHaTamun Ri.q HOCAT nceBAocnyvanHbln Xxapaktep. Ho Tonbko A0 Tex nop noka BekTop R, npuHumaeTt
BCE HOBbI€ W HOBble 3Ha4eHwus. [1pyM NOBTOPHOM nonagaHuv paguyc-BekTopa B O4HY M Ty e TOYKy ha3oBoro
NpOCTpPaHCTBa BCMNEACTBUE MOSNHOW [ETEePMUHMPOBAHHOCTU anropuTmMa OBWMKEHWE CUCTEMbl B (ha3oBOM
NPOCTPaHCTBE B TOYHOCTU MOBTOPUT cebs, T.e. CUCTEMA BbIXOAMT Ha 3aMKHYTYIO TpaekTopuio (umkrn). 3To
COOTBETCTBYET BO3HUKHOBEHUIO MEpPUoaNYHOCTM B (POpMUPYEMON anropyuTMOM MocrneaoBaTenbHOCTU.
MockonbKy Mpu 3agaHHbIX 3HadeHusX M u Nz pasnuuHbix BeKTOpOB B ha30BOM MPOCTPAHCTBE KOHEYHOE
4Yncro, TO CUCTEMA paHO MNM NO3AHO o6A3aTenbHO OKa3biBaeTCs Ha Uukne. 3ajaya COCTOUT B HAXOXAEHUN
Hanbonee AnuHHOW peanusaumm N dopmmpyemort anropyuTMOM MNCeBAOCIy4YarHON NocrnefoBaTenbHOCTH,
3anonHawwen Becb (GasoBbI 06BHEM M. B [2] npuBoanTCA ycpeaHeHHast oueHKka nepuoda uuKnia
N=M"®*N " nonyyeHHas Ha OCHOBE 4MCIIEHHOTO 3KCMEPUMEHTA MO MOUCKY MepuoAa reHEpUpPYeMon
anroputMom nocrnegoBatefibHocTu npu M=256 u HebonblMX 3HaAYeHMsX MapameTpa 3anasgbliBaHus
Nz=2+5. Ho 6e3 TwWaTenbHOro Wu3y4eHWss CTPYKTYpbl a3oBOro MNPOCTPAHCTBA HemMb3d MNONy4uTb
OAHO3HAYHbLIN OTBET Ha BOMPOC, 4BNAeTCA JiM  AdaHHas OueHKa BepxHenh rpaHvuen pasmepa
Henepruoau4ecKkoro cermeHTa reHep1Mpyemon NocnegoBaTeNbHOCTU UIN Xe HeT.

Mpn Gonbwmnx 3HadeHusax M n Nz uccnepoBaHue CTPYKTypbl (9a30BOro MPOCTPAHCTBA CUCTEMBI
npsiMbiM nepebopom ero anemMeHToB BecbMa 3aTpygHuUTenbHo. [MoaTtomy msydeHue ¢as3oBoro noprpeta
CUCTEMbI MPOBOAUIIOCH NMPU HEGONbLUNX 3HA4YeHusX "ob6bema" haszoBOro NPoCTpaHCTBa He Gornee 10°+10".
Mpn aTtom, He orpaHuumMBas OOLIHOCTb MOMy4YaemblX pes3ynbTaToB, MNPW YUCMEHHOM aHanuse Oyaem
nonaraTb, Kak npasuno, 4to M{=1, M,=M.

PesynbTaTbl YACNEHHOrO WU3y4eHWs CTPYKTYpbl (pasoBOro MpOCTpaHCTBa NPU PasnuU4HbIX
3HadeHuax M u Nz (M=2+21, Nz=2+18, MNZS107) nokasanu, 4To asoBOe MPOCTPAHCTBO anroputMma
npeacTtaBnsieT cobon Habop KOHEYHbIX LMKMNOB, 3a ucknoveHunem cnyyaeB Nz=2 npu HeyeTHom M, korga
NOMUMO UMKMNOB B (pa30BOM NPOCTPAHCTBE CUCTEMbI CYLLECTBYIOT TOYKW, HE MpuUHaanexaline HU OOHOMY
LuKny, a npuHagnexatune "b6acceriHam" aTMX LMKMOB. T.0., €Criv cuctemMa HaxoauTCcsa B 0O4HOW U3 Nofo6HbIX
TOYeK, TO Yepes3 HEKOTOpoe OMnpeaeieHHOe YNCIO LWaroB CUCTEMa BbINAET HA COOTBETCTBYHOLLMIA LIUKIT.

Takum obpa3om, TpaekTopun OBMXKEHUS CUCTEMbI B (pa30BOM MPOCTPaHCTBE NpeacTaBnsalT cobom
oTAenbHble 3aMKHYTblE€ LMKIbl, KONMYECTBO KOTOPbIX M BENMYMHA WX NEpuModoB 3aBUCAT OT MapameTpoB
cuctembl. B kayecTBe npumepa npvBedeM ChnekTpbl nepuodos (T.e. Mepuodbl LMKIIOB, CyLLECTBYHOLWIMX B
(ha30BOM NPOCTPAHCTBE, U UX KONN4YecTBO) Anst cny4das Nz=4 :
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M CNEeKTp nepnoaoB M CNEeKTp nepunoaoB

2 |1,15 3 |1,7,29 44

4 |1,15,30(8) 5 |1,8,27(2),562

8 | 1,15,30(8), 60 (64) 7 | 1,9, 22, 427, 653, 1289

16 | 1, 15, 30(8), 60(64), 120(512) 9 [ 1,7,10, 20, 22, 24, 29, 44, 75, 134, 296,
767, 5132

6 | 1, 15(3), 30(3), 80, 90(12) 11| 1,21, 24, 41, 101, 173, 250, 14030

12| 1,15, 30(72), 80, 90(192), 240(5) 13 | 1,626, 2992, 3712, 5056, 7977, 8197

18 |1, 15(6), 30(21), 80, 90(105), 240(27), 15 |1, 27, 44, 176, 562, 828, 1637, 4702,

270(324) 7764, 11405, 11484, 11881

10 | 1, 15(5), 30(10), 150(6), 312(2) 17 | 1, 529, 2471, 2549, 3619, 73684

20 | 1, 15, 30(93), 150(918), 312(2), 1560(6) 19 |1, 4182, 4219, 5067, 5408, 5916, 28778,
75061

14 |1, 3(2), 15(7), 30(21), 210(168), 342(7) 21 | 1, 1289, 2833, 5228, 5401, 25900, 58208,
88633

M3 npuBeAeHHbIX OaHHbIX BUAHO, YTO MPU YBENUYEHUU M=2" (k=1, 2, 3, 4), M=6"k (k=1, 2, 3) u
M=10*k (k=1, 2) cnekTp UMKIOB OOMOSHAETCSA O4HUM HOBbIM 3HA4YeHMEM C BOnbLUMM NepuoaoMm, Npuyem B
CrekTpe Bcerga NpucyTcTBYT LMKNbl kpaTtHocTn 1, 15 1 30 (M > 2). Mpwn yeTHbix M>2 1 Nz=3 B cnekTpax
UMKNoB Bcerga Habnwopgattcs nepuogbl 1, 7 1 14. Tpu HedeTHbIX 3HadeHuMsax M nogobHble MpocTbie
3aKOHOMEPHOCTW B CTPYKTYpE CNeKTpa LMKMOB He HabmoaalTes.

[MonyyeHHble pe3ynbTaThl NO3BONSIOT CAeNaTh CreaytoLline BbIBOAbI.

1. Tpaektopun ABMXEHUA CUCTEMbI 3aHMMaeT BeCb o06bem (ha3oBOro MpPOCTpaHCTBa, T.e. BCe
BO3MOXHbIE COCTOSIHWSI, OBLLEe KOMMYECTBO KOTOpbIX paBHo M™Y.

2. ®a3oBoe npocTpaHcTBO anroputma npu Nz>2 coctout M3 ogHom 0cobon TOYKM C KoopauHaTamu
R(M,M,...M) n cemeictBa LMKNOB pa3HOro Wnu OOHOr0O M TOro e nepuopa. Kaxpas Todka ¢hasoBoro
NPOCTPaHCTBa NPUHAAMEXNT TOMbKO OAHOMY KOHKPETHOMY LIMKIY, MPU STOM pasHble LUKMbl HE UMEKT HU
OAHOW OOLLEen TOYKH.

3. Cncrtema BbIXOAMT Ha TOT WM MHOW LUKA B 3aBUCMMOCTM OT TOFO, B KaKyld TOYKy hasoBoro
MpOCTpPaHCTBa MonagaeT BEeKTOP HayanbHOrO COCTOSHUA. [O 3amblkaHMs LUMKNa BEKTOP COCTOSHMSA
onucbiBaeT MceBOOCNyYalHbIA Npouecc, T.e. LUMKIaM COOTBETCTBYHOT CerMeHTbl MceBAoCryvyanHomn
nocrnegoBaTenNbHOCTY COOTBETCTBYHOLLErO pasmepa.

4. B aHcambrnie ¢asoBbiX MNPOCTPAHCTB anropuTMOB C pasnuyHbiMu napametpamu M u Nz
HabnogalTca Kak "KopoTkMe" UWMKMbl, Nepuop KOTOpbIX T MHOrO MeHblLUe MO CPaBHEHWO C MOMHbLIM
KOMNMMYecTBOM Touek (pa3oBOro npoCcTpaHCTBa MmN (T<<MNZ), Tak U "ANUHHBIE" LWKMbl, NEPUOL KOTOPbIX
comnocTaBuM C nocriegHen senuuuHoi: TO M Mpn YeTHbIX 3HadeHMsx M B pas3oBOM npocTpaHCcTBe
anroputma npeobnagatT KOPOTKME LMKMbl, @ Npy HeYyeTHbIX M KOpOTKMX LIMKMIOB BOOOLLE He CyLleCcTBYyeT,
nnbo oHM npeacTaBneHbl B HEDOMbLIOM KONMYecTBe, 3aHuMas Many obnacte d)as3oBOro nNpPoCTpaHCTBa,
yto N obecneumBaeT BO3MOXHOCTb CYLUIECTBOBAHWSA ANUHHOMO LMKNa. TemMm cambiM npu HeyvyeTHbix M
HabnwpalTcs Havbornee AnvHHbIE UMKNbl. [lepuod TakMx UUKIOB NpW  onpedeneHHbix (3apaHee
HEM3BECTHbIX) 3HAYEHWAX MapaMeTpoB anropyTMa MOXeT MpubnmkatbCsd K MakCcumarnbHO BO3MOXHON
BenuumHe Tma=M'2. Ha puc.1 nokasaHbl pe3ynbTaTbl YNCIIEHHOrO 3KCNepuMeHTa Mo onpegeneHuto Tpex
HanbonbLunx nepruonoB LMKIoB (Kkpueble 1, 2, 3) 4nsi pasHbiX 3Ha4eHun M npu ogHOM 1 TOM Xe napameTpe
3anasgbiBaHusa Nz=3 B conoctasneHun C NOJSIHbIM YUCITIOM ToYeK dha3oBOro NPOCTpaHCTBa- MmN (kpuBasi 4) n
oLieHKo MakcumansHoro nepuoga T(M)=M *®* N npu Nz=3 (kpusas 5).
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5. lNMpn He4yeTHOM 3HadYeHUn M Bce UMKIbI UMEIOT, Kak NpaBuio, pasHbli nepuog, T.e. NpeAcTaBfeHbl
B €OUHCTBEHHOM yucrie. Npyn M- 4eTHOM LMKIbl OOHOrO Neprofa BCTPEYakTCsi MHOTOKpaTHO, XOTS BCE OHU
pasnun4yHbl MO MPUHMMAEMbIM 3HAYEHUSIM BEKTOPA COCTOSTHUS.

6. MNpun onpegeneHHbIX 3Ha4YeHUsxX napameTpos anroputma M n Nz nepuog AAVHHOMO LMKNa MOXeT
ObiTb OYeHb OMM30K K MakcUMaribHO BO3MOXHOM BenvunHe MY:  T/M' 0.9+1.0. bonee TorO,
3KCNEePUMEHTOM 3adIUKCMPOBaAH Criydan, Korga ¢basoBoe NPOCTPAHCTBO COAEPXKUT TOMbKO OAWMH OSfMHHBIN
LMKIT M O4HY U30SIMPOBaHHYIO TOYKy: M=2, Nz=15, T/MY =1.0. MouTn Takom xe pesynbTaT Mbl UMEeM npu
M=3, Nz=9: nepuoag ONMHHOrO UMKNa T/MNZ=O.999, a NoMMUMO HEro MU OAHOW M3ONIMPOBAHHOM TOYKU B
ha3oBOM MPOCTPAHCTBE CUCTEMbI HabnpgaeTcs TOMbKO OAMH 5-TW TaKTHBIM KOPOTKMM uuMkn. Bce ato
CBUOETENBLCTBYET B MOMb3Y TOrO, YTO OLEHKOM MakCMMarbHOro nepuoda ¢opMuMpyemolr anropuTMOM
nocrnefoBaTeNlbHOCTU MOXET CINYyXWUTb WUMEHHO Benu4yMHa Tma=M"2. CnegyeT umeTb B BuAy, YTO 3TOT
MaKCUMarbHbI Nepuod Tmax MOXET ObiTb peanus3oBaH /Wb NPU  ONPeAEneHHbIX COOTHOLUEHMSIX
napametpoB M 1 Nz. Ha puc.1 nuumio rpanuust T(M)=M***N* (Nz=3) 3auacTyio npeBbilaloT He TOMbLKO
camblil ANVHHBIA NEPUOA, HO W MEepUoAbl ELLE ABYX MEHbLUMX LMKIOB, NOSTOMY xapaktepuctuky T=M>84N
crnegyeT paccMaTtpuBaTh Kak yCpeAHEHHYI0 BENMYUHY ANS OJIMHHBIX LKITOB.

7. [OnNuHHBIM UMKTaM COOTBETCTBYIOT pacnpederieHns reHepupyemblx uucen, 6nmskue K
paBHOMepHoMy. Tak ans uukna c T/MY* =0.895 (M=13, Nz=5) oTHOCUTENBHOE CpeaHee OTnMYMne No MOy
OT paBHOMepHOro pacnpegeneHns paBHo 0.2% npu oOTHOCMTENbHOM MakcumanbHoM 0.45%
cpegHekBagpatudHoe OTkNoHeHuwe paBHO 0.07%. WmeHHO Takme [ANUHHbIE UMKNbI  MOryT  ObiTh
ncnonb3oBaHbl AN popMUpoBaHUS MCEBAOCyYaMHbIX NMOCneAoBaTeNbHOCTEN OOMbLUOW ANUTENBHOCTU C
paBHOMEpPHLIM pacrnpefeneHemM BEPOSITHOCTEN reHepUpyeMbIX Y1Cen.

Ha ocHoBe MOHOTOHHOCTU pPaCCMOTPEHHbIX 3aBUCMMOCTEN MOMyYeHHble pe3ynbTaTbl MOXHO
cunTaThb cnpaBeaIMBbLIMU NPU CYLLECTBEHHO BONbLUNX 06BbEMAXxX 1 pa3MepPHOCTsIX ha30BOro NPOCTPaHCTBA.

Pabota BbinonHanacb npu duHaHcoBon noaaepxke POOU (npoektbl 00-07-90147 u
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EFFICIENCY OF FILLING IN THE PHASE SPACE OF CODING DISCRET ALGORITH WITH DELAY
Belyaev R., Vorontsov G., Kislov V., Kolesov V., Popov A., Ryabenkov W.
The Institute of Radio-engineering and Electronics Russian Academy of Sciences, Moscow

For providing the effective coding of digital information there are requirement of pseudo-random
sequences with arbitrarily match period. Syntheses and investigation of an algorithms forming sequences
with properties of such kind is an object of this report.

There was examined the phase space of algorithm with delay generating pseudo-random
sequences of integer numbers {x,}. This algorithm have been created on the basis of modeling processes in
ring self-oscillating system with chaotic dynamics [1]. It was supposed that this algorithm have been
defined on the manifold M of natural scale’s integer numbers. The other one algorithm’s parameter have
been the value of delay Nz defining number of a sequences’ terms

(Xn-1, Xn2, Xn-3.--Xn-Nz), Which were necessary for calculating next term. of the sequence.

It was an object to find a generated by algorithm realization with the overall length N, filling up the
most part of a volume of phase space M2 Early with calculating experiment with value M=256 and delay Nz
= 25 there have been found an average evaluation of this one - M *®*° ™ [2]. But without careful study
phase space’s structure it is impossible to get an single-valued answer on this question whether these one
is the sufficient estimator of upper bound for an investigated sequences. When the values of M and Nz are
too big such an investigation becomes too difficult. For this reason the investigation of phase space have
been realized in conditions of not too much phase space’s values such as 10%+10".

The investigations have revealed that trajectories of a system’s state in phase space constitute
separated closed cycles with different periods. For examined cases there have been made the tables of the
period’s spectrums with deferent shown values of the system’s parameters. These tables are included an
information about spectrum periods and also their numbers in the phase space.

In addition the sequences with a big periods have been investigated on their non-periodic segments
in accordance with a well-known statistical criterions. It have been established that their function of
distribution on the manifold of definition is uniform with a root-mean square error less then 0,7%. On the
basis of a monotonic changing of cycle’s period with increasing system’s parameters (M and Nz) they may
consider the early made evaluation for maximum period of cycles in the phase space as a more likely nearer
to the lower bound value.
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