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Annomayus

HpOCKTI/IpOBaHI/IC U TMOCTPOCHHUEC CHUCTEM ABTOHOMHOI'O aAdallTUBHOI'O YIIPABJICHUSA
(AAY) BkmouaeT B ce0st HecKosbKo 3TamnoB. [Iponenypa pa3paboTKu KaXaoro u3
HUX BO MHOTOM OIIpeJEeNseTcs] CIeM(PUKON UCII0Ib30BaHUs cucTeMbl. TpeboBaHuUs,
npeabsBIseMble K  (YHKIMOHAJIBHBIM  IIOJCHUCTEMaM, TaKKe ONpPEACISIIOTCS
crenuduKkoil npeameTHon odnactu. B nanHo# paboTe paccMaTprBarOTCsl BO3MOYKHBIE
npeAMeTHbIe  o0nactd, dS(QQEKTHBHOCTH pabOTBl B KOTOPBIX  JIOCTHTAeTCs
MOCPEJICTBOM  HCIIONB30BAaHMUS  TEXHOJOTUH  JETEPMHHHUPOBAHHOTO  Xaoca.
PaccMoTpeHbl BO3MOKHOCTH COBMELICHUS ABYX MOJIXO/IOB, OTMEUEHBI TIO3UTHBHBIC U
HCraTUBHBLIC CTOPOHBI TAaKOro COBMCUICHUA. HpI/IBeIleHI)I INpUMEPLI W OLICHKMU,
MO3BOJISIIOIINE  CHENaTh  3aKIIOYEHHE O OKU3HECIIOCOOHOCTH  IMPEJIaraeMoro
KOMITO3UTHOTO TIOIXOAA.

1. BBenenue

HccnenoBanue CUCTEM ACTEPMUHUPOBAHHOIO Xaoca SBISETCS CPaBHUTEIBHO HOBOMU
o0nacTei0 MaTeMaTuKd. HecMOTps Ha CBOIO HOBH3HY, 3Ta 00JacTh CErOJHS HMEET BEChbMa
IMIUPOKUK  CIEKTP TNPAKTUYECKUX MpuMeHeHWid. Tak, o0namas JOBOJBHO CIIOXKHBIMU
0COOEHHOCTSIMM TOBEJCHHsI, HCKYCCTBEHHbIE CHCTEMBl JE€TEPMHUHHpPOBAHHOro Xxaoca [1-5],
NO3BOJISIIOT 3()()EeKTUBHO 3allOMUHATH BeChbMa MPOTHKEHHBIE IOCieaoBaTebHOCTH. Hanbonee
MHTEPECHBIM CBOMCTBOM IaMSTH, IIOCTPOGHHOM Ha JaHHOM IIpUHLUIE, SBIAETCS €€
aCCOLIMAaTUBHOCTh. B oTnuune oT 0ObIYHOM JIMHEHHON OpraHu3alyy MaMsTH, JeKalieil B OCHOBE
HOJABJIAIONIET0 OOJBIIMHCTBA BBIYMCIUTENBHBIX MAIUH, aCCOLMAaTHBHAs NaMATh oOiagaer
CJICAYIOLIMMH TIPEUMYIIECTBAMH: a) BO3MOXXHOCTBIO BOCITPOU3BEACHNUS/PACTIO3HABAHUS TTOTHOTO
o0Opa3a Mo ero yacTu Jake MpPHU HAIWYMM TOTPELIHOCTH BO BXOJHBIX JaHHBIX, 0) BpeMms
BOCCTAHOBJICHUSI (BOCTIPOM3BEACHUS) TOJHOTO OOpa3a HE 3aBUCUT OT o0beMa 3amrCaHHBIX
JAaHHBIX.

C ToukM 3peHHus NMOCTPOCHHUS YIPABIAIOLIEH CHUCTEMbI, 3()pPEKTUBHOCTD YIPaBISAIOLIEH
CUCTEMBI OINpPEHCIAECTCA TEM, HACKOJbKO OINEPAaTUBHO CHCTEMA MOXKET pearupoBarb Ha
U3MEHEHHUSl B OKpY’)KaoIllel cpefie U HACKOJbKO TOYHO CHCTEMa MOXET MPOrHO3HPOBATh €€
u3MeHeHus. B naHHOl pabGoTe Mbl onupaeMcsi Ha METOA0JIOTHI0 «ABTOHOMHOI'O AAaNTUBHOIO
VYupasnenus» (AAY) [6-9], kKi1t0ueBEIM MOMEHTOM KOTOPOH, SIBJISICTCSI IEKOMIIO3HUIUSI CUCTEMBI
Ha creayiomue (QyHKIUMOHAIbHBIE IOJCUCTEMBI: a) CHCTEMbl JaT4YUKOB, O) CHCTEMBbI
dbopMHupOBaHMS W pacro3HaBaHUs 00pa3o0B, B) 0a3y 3HAHUMU, I') MOACHCTEMa AMOIIMOHAIBHOU
OLIEHKU U 1) TMO/ICUCTEMA aKTyaTopoB. Takoe aeneHue ABIsSeTCs JOCTaTOYHO YCIOBHBIM C TOUKU
3peHUsl UMUTALMU €CTECTBEHHBIX CHCTEMbI YIpPaBIEHHUS, TEM HE MEHEE, OHO IMO3BOJIAET HaM
BBIJICJIUTh T€ (YHKIMOHAJIBHBIE MOJCUCTEMBI, B KOTOPHIX MOKHO MCIIOJIb30BaTh TEXHOJIOTMU
JETEPMUHAPOBAHHOTO Xa0Ca, YTO MOKET MOBBICUTH A(P(HEKTUBHOCTH CUCTEM yIPABICHUSI.



[Tomumo onucaHust apxXUTEKTypel cucteMbl AAY, B maHHOH paboTe paccMOTPEHBI
KOHTEKCTBI IPUMEHEHHUS YIIPABIIOIINX CUCTEM, B KOTOPBIX 3aTPaThl HA PEAIM3ALUIO TOACUCTEM
JETEPMUHUPOBAHHOTO Xaoca OKa3bIBAIOTCS ONpaBAaHHbIMU. B 3akiioueHuu NpuBEICHBI
HalpaBlIeHUs] JaJbHEHIIMX paboT W HCCIeNOBaHUI, KOTOpble MOIYT CIOCOOCTBOBATH
PaCIIMPEHUIO CIIEKTPa MIPUMEHEHHsI OITUCBIBAEMOI0 MOAXO0a.

2. JlerepMHMHUPOBAHHBIN Xa0C

CucreMbl, UCHOIB3YIOUINE IETEPMUHUPOBAHHBIN Xaoc, OyJeM Ha3bIBaThb XAOMUUECKUMU
npoyeccopamu. XaOTWYECKUH TIPOIIECCOP MOXKET XPaHUTh BCIO WCTOPHIO CYIIECTBOBAaHUS
CUCTEMBI, 3aITUCAaHHON B HETO OMpPEAEeTIEHHBIM CITIOCOOOM.

PaccMoTpuM mpuHIMI pabOTHl XaOTHYECKOTO TIpoIleccopa Ha CICIyIONeM MpHMepe.
JomycTiuM, HEOOXOAMMO COXPAaHUTh MOCIENOBATEIbHOCTh CUMBONOB ‘abcdxndk’. Jns
MOCTPOCHUS Xa0THIECKOTO MPOIIECCOPa MBI CTPOUM OTOOPAKCHHE CIICITUAIBHOTO BUIA:

Xn+1 = F(Xn)

Hns wamero npumepa F( ‘a’ ) = ‘b’, F('b’) = ’c’, n T.n. Obnanas uHpOpManueir o
HEKOTOpPOM (hparMeHTe MCKOMOM MOCIEeI0BATEIILHOCTH U TOCJIEI0BATEIILHO MOBTOPSS BHI3OBBI
GyHKIUU F, MBI MOKEM BOCIIPOHM3BECTH BCIO COXPAHEHHYIO IMOCIICIOBATEIILHOCTh IIerKoM. Ha
puc. 1 mokasaHsl IpUMeEpHI TOCTPOCHUS 0TOOpaxkeHuit F. Ha puc. 1a moctpoeHo oToOpaskeHue
F, cooTBeTCTBYIOIIEE CIOBY «3a0er» B andaBute «a 6 B T 1 € K 3 U k». s 3amucu OGomee
CIIOXKHBIX TOCIIEIOBATEIbHOCTEH HCMOJB3YIOTCS TaKHEe BCIIOMOTATENbHBIE TEXHHKH, Kak
KOAMPOBAHUE W Bapuaius riyouHsl kogupoBanus [1]. Ha puc. 16 moctpoeHo otoOpaxenue F,
COOTBETCTBYIOLIEEe nocienoBareabHocTd “1 237423 75489054123763854”8
andasure “0123456789”.
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Puc. 1. Oto6paxenus x,+; = F(x,), cogepxaiiue cioBa «3ader» (a) 1 Mocnea0BaTeIbHOCTh
“123742375489054123763854”(0).

[TocTpouB cxeMmy mpeACTaBICHUS COCTOSHHMI YNPABIAIOIIEH CHCTEMbl B HEKOTOPOM
KOHEYHOM aJi(paBUTE, MBI TIOJy4aeM BO3MOXKHOCTb COXPAHSTh MOCIIEIOBATEILHOCTH U3MEHEHUHN
COCTOSIHUM CHCTEMHBI.

Baxxnast 0COOEGHHOCTh JAHHOW TEXHOJOTUM 3alUCU HH(POPMAIMH COCTOUT B TOM, UTO
BpeMsl BOCHPOM3BEACHHUS 3alUCAaHHON IMOCJIEI0BATEIbHOCTH HE 3aBUCUT OT JUJIMHBI 3TOU
MOCJIEIOBATEILHOCTH, a TAKXE TOCPEJICTBOM ATOM TEXHOJOTHU MOXXHO BOCIIPOHM3BECTH BCIO
MOCNIe0BATENBHOCTh, pacloiaras J00W YHUKaIbHOW MOAMOCIEIOBATEIbHOCTHIO HCXOIHOU
MOCIIEI0BATEIHFHOCTH. DTa 0COOCHHOCTh 00ECIICYNBACT CBOMCTBO ACCOIMATUBHOCTH TIPH paboTe
C mMaMAThIO Takoro Buja. OTMETHM TakyKe, UTO JaHHAs TEXHOJIOTHsS HE HaKJIaJbIBaCT HUKAKUX
MPUHIUTTHATBHBIX OTPAHUYCHUHN HA JJIMHY 3aIMCHIBAEMBIX TTOCIIEIOBATEIHLHOCTEH.

CnabbIM MeCTOM HCMONB30BaHUS XAOTHUYECKUX MPOILIECCOPOB SBIsIETCS TpeOOBaHUS
JOCTaTOYHOW YHUKAJIBbHOCTH JAaHHBIX. Tak, COXpaHUB CIOBO «3a0er» B OJHOM IMPOIIECCOpPE, MBI
MOTEPSIEM BCE CBOMCTBA aCCOLMATHUBHOCTHU, €CIIM 3aXOTHUM 3aIlKcaTh B TOT K€ MPOLIECCOP CIOBO
«mmober». Ob6a crmoBa 007a1aI0T CIUIIIKOM OOJBINON OOIIEH YacThio — «Oer», KOTopas T0JDKHA
OBITH 3aKOJMPOBAHA C UCIIOIH30BAHUEM OOBIYHBIX TEXHOJIOTHH 3aITUCH/ITCHHUS.

B [5] moka3aHo, 4TO AaHHBIA crOcOO XpaHeHHs MH(OPMAIUN MO3BOJISIET BOCIIPOU3BECTH
3aMMCaHHbIA 00pa3 Ja)xke Mpy HATMYMU UCKKEHUH MOCiIeIoBaTeIbHOCTH-00pa3ie. Takxe B [5]



OBLJIO OTMEYEHO, YTO JAHHBIM CrOc0o0 3amucu MHGOPMAIIMH CX0XK CO CIIOCOOOM MpeCTaBICHUS
UH(POPMAILIMU B HEPBHON CHCTEME YEIIOBEKA.

3. Teopernueckoe 000CHOBaHME

Kak oTMeuanoch paHee, HCIOJIB30BaHHWE JCTCPMHUHUPOBAHHBIX XAOTHYCCKUX CHCTEM
MI03BOJISIET MCIIOJB30BAaTh BCE MPEUMYIINECTBA aCCOIMATUBHON MaMsITH. VIMEHHO 3TOT MPUHIIMIT
MOXKET cTaTh KIIIOYCBBIM  IOJI1  IMOCTPOCHUA 3(1)(1)CKTI/IBHBIX CUCTCM  YIpPaBJICHUA. C
KOHCTPYKTUBHOM TOUYKM 3peHHs] mojaxoga AAY, HCMONb30BaHHME XAOTUYECKOTO IMpoleccopa
MOXET CTaTh ONPABAAHHBIM B OJTHOM W3 MOJCUCTEM:

e 0aza 3HAHUU WIH

e anmapat popMUPOBaHUS U Pacio3HABaHUS 0OPa30B

CxemaTHuecKd BapUaHThl AEKOMIIO3ULIMHU YNPABISAIOLIEH CHUCTEMBI MOKa3aHbl Ha puc. 2.
XaoTu4ecKkuil mporeccop 0003HaYeH OTTEHEHHBIM MPSIMOYTOJILHIKOM.
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Puc. 2. AJ‘ILTepHaTI/IBbI HCIIOJB30BaHUA XaOTHYCCKOI'O IMpoueccopa B praBJIHIOHleP'I
cucteme AAY.



Vcnonp30BaHnEe XaOTHYECKOTO TPOIIeccopa B MOACUCTEME 0a3bl 3HAHUH 1O CPABHEHUIO C
ero ucnosib3oBanueM B Onoke PO morno Obl MpenocTaBUTh OOJBIIYH0 TMOKOCTH PabOTHI €
o0pa3aMu camMoro HHU3KOro YpoBHsA. OJIHAKO TaKO€ COBMEIICHHWE MOXKET OKa3aThCsl MPUUUHOU
HEA(P(DEKTUBHOTO HCIIOJIb30BAHUSA XAaOTHUECKOTO aTTpPakTopa, KOTJa XpaHEHHE MOXO0XKHX
MOATMOCEAOBATEIBHOCTEH TPeOYyeT COXpaHEHHs MX OOIIe uyacTh B JUHEHHOW mnamsitu. B
HEKOTOPBIX CIydasx, KOrJa IIMHY OOIIUX MOANOCIEN0BAaTeNIbHOCTE MOXKHO MpeICcKa3aTh Ha
dTare MporpaMMHPOBAHUS WU 3apaHee U3BECTHO, YTO X JUIMHA HE MPEBBIIIAET ONPEICIEHHOTO
opora, MO>KHO HCIIOJIb30BaTh 3Ty MH(OPMAIHMIO ISl TOCTPOCHHUSI XaOTHYECKOTO IMpolieccopa.
OnHako B 0o0meM cilydae OYeHb CIIO)KHO OIEHHTH TaKWe BEIMYHHBI. BO3MOXHBIM BBIXOJOM
ABIISIETCSl TIEPECTPOMKA XaOTHUYECKOTO MPOIEccopa «Ha JIETy», C UCMOJIb30BaHUEM MapaMeTpoB,
NOJYYCHHBIX OBpPHCTHYECKH. Ha [JaHHOM »JTame HCIOJb30BAHWE TIEPECTPONKH  WIH
TpaHcQopMaIiK Xa0TUYECKOTO MpoIleccopa HAXOIUTCS Ha CTaIUU UCCIIEOBAHUS, B CBSI3U C UEM
Ha TAHHOM 3Tarle UCIOJIb3YETCs cXema 2a.

O6men uHpopMaruu Mexay (QYHKIHOHATBHBIMU MoacucTeMaMu AAY MNPOUCXOAUT IO
cxeme, mokazaHHoW Ha puc. 3. IloctpoeHHass TakuMm o0O0pa3oM cxemMa B3aUMOJCUCTBUS
noncuctembl PO u B3 MoxkeT B momHOW Mepe HCMHOIb30BaTh MPEUMYINECTBAa BKIIOUEHUS
Xa0THYECKOTO TpoIeccopa:

® BO3MOXKHOCTh HaXOXkJE€HHUs 00pa3a Mo ero 4acTu,

® BO3MOXHOCTh MCTIOJB30BaHMS UCKKEHHOHN BX01HON nH(popmaruu o6 obpase,

® BO3MOXHOCTb IOCTPOEHHUS JUITUTEIHHOTO MTPOTHO3a MOBEACHUS 00bEKTa YIPaBICHUS U

OKPYXKaroIle Cpeabl.

Bonpoc BbIsiBIEHHST CcaMONMOBTOPEHUM B odepenan noacucrembl DPO  3acioyxuBaer
OTJENFHOIO BHMMAaHUS, TaK Kak 00Opasbl, colepiKaliuecsi B 3TOM odyepean, MOTYT OKa3aTbCs
BeChbMa 3alllyMJICHHbIMH. BBIsBI€HHE M COXpaHEHHE 3allyMJIEHHBIX 00pa3oB MpPeICTaBISIOT
co0o0# OTIeNbHOE HAaNpaBJIEHUE HAIIUX MCCIIEIOBAHUH.
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Puc. 3. Anroputm B3aumoaelicteus ®PO, xaoTnuueckoro nporeccopa u 6a3bl 3HaHUM

4. Ilpumepsl cOBMENICHUSA MOAX0A0B

Pazpabotka m mocTtpoenue cucreM AAY BO MHOIOM OMpEAETSETCS KOHTEKCTOM UX
IMPUMCHCHUA. I/ICXOI[H U3 CBOMCTB XAaOTHYECKHX nmponeccopoB, Mbl MOXCM 3aKIHOYUTH, YTO
3¢ dexTuBHOCT, PabOTHI CUCTEM YIPaBJICHUS, IOCTPOCHHBIX Ha IMpeajaraeéMoM IOIXo7e,
AOCTUTACTCA B IPCAMCTHBIX O6J13.CTSIX, OGJI@.I[&IOLLII/IX CJICAYyOIHUMHU CBOMCTBaMU:

- TPOTSHKEHHOCTh 00pa30B BO BPEMEHH W/WJIA MMPOCTPAHCTBE
- YHHMKaJIBHOCTH 00pazoB

Ha naHHBII MOMEHT KOJMYECTBEHHbIE OLEHKH WIM KPUTEPUH, KOTOPHIMU MOKHO
PYKOBOIACTBOBATHCS Ui OINpPENCHCHUd MNPUMEHMMOCTH IIOAXO0JAa, HaxXOAATCA Ha CTaluu
pa3pabOTKH, U €IMHCTBEHHBIM JIOCTOBEPHBIM CIIOCOOOM ompeseneHus 3(h(PEKTUBHOCTH SBISICTCS
NpaKTUYeCKas peau3alsi CUCTEMBbl yIpaBlieHUs. ABTOpaMH BBIIIOJHEHA Pa3pabOTKa CHCTEMbI
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yIpaBjieHus: poOOTOM B JaOMPUHTE NPEMSATCTBUU M TOKa3aHa YCIENIHOCTh HCIOJIb30BAHUS
npemnaraemoii konmenuuu [9,10]. Cnemyromue o06nacT NpUMEHEHHUS, MOTYT OIpPaBAaTh
WCIIOJIb30BAHME Xa0THUUECKOTO MPOIECCOPa B YIPABISAIOMIUX CUCTEMAX. !

- Cucrema ananmusa Ttpaduka Internet, ¢ TOMOIIBIO KOTOPOM HEOOXOAUMO YMETh
OTMIEPAaTUBHO  BBISBIATH  XapakTEpHbIE TATTEPHBI aTak Ha  Internet-y3ibl.
HeobxonuMocTh XpaHeHUs! OOJBIIONO KOIWYECTBa MATTEPHOB BO3MOXKHBIX aTaK U MX
JIOCTaTOYHAsl YHUKAJIBHOCTH JENAal0T YMECTHBIM HCHOJIb30BaHUE cucteM AAY u
Xa0THUYECKHUX MPOLECCOPOB ISl TAKUX CUCTEM.

- Cucrema npeAMKTaTUBHOIO KIUIMPOBAaHUS HHQPOpMAIUHU, B KOTOpOHl MHpopmanus
K3LIMPYETCsl HE TOJBKO Ha OCHOBaHMM 3amnpouieHHbIXx paHee URL, HO u Ha
OCHOBAaHMM MPOTHO3a, ITOCTPOEHHOTO Ha aHanu3e mnocienoBarenbHoctd URL,
3alpOUIEHHBIX MOJIH30BATEIEM.

B03MOXXHOCTh KCIIONB30BaHUS MPEIIaraéMoro Moaxofa B MPOYMX KOHTEKCTaX HAXOIUTCS B
MIPOLIECCE UCCIIETOBAHUA.

5. 3akiioueHue u AajibHeNlIIue HanpaBJCHUA UCCIICTOBAHUA

B nannoit pabore Mbl omucanu crnoco® coBmenieHus cucreM AAY ¢ XaOTHYECKUMH
npoueccopamu. Ha [aHHBII MOMEHT peaJiM30BaH BAPUAHT HCIOJIB30BAHUS XAOTUYECKOTO
npoueccopa B cucreme @PO [9,10]. [IpuBeaeHbl mpUMephl yCIEIIHOTO COBMEILIEHUS MTOAXO0/10B.
JlanbHelie HampaBlIeHUsT WCCIEJOBAHMUN BKIIOYAIOT B ce0s pacCMOTPEHUE BO3MOXKHOCTHU
BCTPAaMBAaHME XAOTHYECKUX MPOIECCOPOB B 0a3bl 3HAHMIT; COBMECTHOTO Hcnoib3oBanusi ®PO u
b3, cipoekTHpoBaHHBIX C UCMOJIB30BAHMEM XAaOTHUECKUX MPolieccopoB. JlaHHOE UCClien0BaHueE,
B YaCTHOCTH, BKJIIOYAeT B CeOS pPacCMOTPEHHE MOIXOAOB K TPaHCHOPMAIHMU XaOTHYECKOTO
IpoIeccopa U BPHUCTUK, KOTOPHIE MOTYT OBITh UCHOJIB30BAHBI JIJIs MPEICKa3aHUs MapaMeTpoB
neneBoro mporeccopa. Hapsany ¢ TpaHc@opMalMOHHBIMM 3ajJjayaMHd HaXOAWTCS 3ajaya
BBISIBJICHUS 3alIyMJICHHBIX 00pa3oB U 3(pQexTuBHas paboTa ¢ HUMH MOCPEICTBOM TEXHOJIOTUN
JETEPMUHUPOBAHHOTO Xaoca. Jlpyroe HampaBie€HUE HCCIIEIOBAaHUI COCTOMT B BBISIBICHUU
KOHTEKCTOB, B KOTOPBIX OIMCHIBAEMBIH METOJ MOXKET OKazaTtbcsd H(P(GEeKTUBHBIM. ITO
HANpaBJICHUE OKAa3bIBACTCS TECHO CBS3aHHBIM C BBISBICHHEM U (OPMYIHPOBKOW KPHUTEPHEB
3¢ (HeKTUBHOCTH TpeIaraeMoro MeToa, KOTOpoMy Ha JaHHBIH MOMEHT yJeNseTcs HauboJbliee
BHUMAaHHUE.
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