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CnucoK NPUHATHIX COKPALLeHUI

d-OIl[J® - oboO1eHHas ITpobieMa TeKOMIIO3UIINY d-MepPHBIX ITI00TBHBIX (PYHKIIVI

d-0C - d-MepHBIe OJTHOPO/IHEIE CTPYKTYPhI

d-II[Jd - npoObiemMa IeKOMITO3UITUM d-MepHBIX I7100aIbHBIX (PYHKIINT IIepexora
Al - aCMHXPOHHasI rpaMMaTHKa

Bb - BHYTpeHHU 010K

BC ~ BBIUMCIIVITEIIbHBIE CUCTEeMBbI

BCK® - B3BMIMHO CTUpaeMble KOHPUTyparmm

I'oln - rr1obasibHas PyHKIIMA epexoa

AIIC - OVICKpeTHasl Iapasule/ibHasl AMHaMUyecKas cyucreMa

ucr - M30TOHHAas CTPYKTypHas rpaMMaTiKa

KBJI - KapTMHHBIe 0a3bl JTaHHBIX

Ko - KoHpUrypauys (koHguaypayuu - 6 3a6ucumocmu om KoHmexkcna)
Koo - KoHurypamya PpaHiry3ckoro driiara

JIBD - JIOKaJIbHas 0J104Hast PyHKIMS

JIMDII - JIOKaJIbHasA PyHKIIVS IIepexosia

MT - MammHa TeropuHra

MTSq - MammHa TpIOpyHra ¢ § CMMBOJIAMM Ha JIEHTE U § COCTOSTHVISIMU
HKA - HeJleTepMVHVPOBaHHbII KOHEeYHBIH aBTOMaT

HK® - HeKOHCTpyMpyeMble KOHPUTYparmm

OBC ~ OJIHOPOJIHBIE BBIUVC/INTE/IbHBIE CICTEMBI V1 CpeJIbl

OITlJI® - 0bobrmieHHas rrpobieMa JeKOMITO3UIINY II00aIbHBIX (DYHKIINT IIepexora
oIIC - obrras mpobiieMa CMHXPOHM3AIINA

ocC - ofHOpoHbIe cTpyKTypbl (OC-mo0eau)

ocCnP - OTHOPOAHBIE CTPYKTYPbI Ha paszdovenum (¢ unoexcom cocedcmba Mapeoayca)
ocl - OIHOPOJIHBIE CTPYKTYPBI C IaMATHIO

OCP - OIHOPOJIHBIE CTPYKTYPBI C pedppaKTepPHOCTHIO

IIBM - IapaJuleJIbHbIe BEIUMC/INTEIbHbIE MOeIIN

Iir - NapaJUlesibHas rpaMMaTiKa

Iao - mpo0JIeMa JIeKOMITO3UIINM IJI00aIbHBIX (PYHKIIN ITepexosia
IIK - IIepPCOHAJIbHBIV KOMIIBIOTEeP

IHooc - MOCJIe0BATE/IbHOCTh OJHO3HAYHO OITpelle/IeHHBIX CYMM

1ior - IIpobJsieMa orpaHVYeHHOT0 pocTa

IIT1 - napaJsijieJIbHble ITOACTaHOBKM

HIir - napaJsuiejibHble IPOCTPaHCTBEHHbIE IPaMMaTHKI

HIIIr - napasuiesibHble IporpaMMIUpyeMBble IIPOCTPaHCTBeHHbIe IpaMMaTUKIA
oD - ipobriema dpaHIry3ckoro driara

CKA - CUICTeMBbI KOMITBIOTEPHOV aJireOpbl

CcIlI - cucrema npopykuyii ITocra

TOC - TeOp¥ OTHOPOIHBIX CTPYKTYP

T1T - TayummaHckas TBopueckas I'pyniia

Tor - Teopusi POpPMaJIBHBIX FPaMMaTUK

YKo - YHUBepcaIbHble KOH(puUrypanmm

YMT - yHUBepcabHas MalvHa TeropuHra

ic - n1abJIoH cocencTBa

9BM - 3JIEKTPOHHO-BBIUMCIINTEIIbHAS MaIIIHAa

ST - SI3BIK IIapaJUIEJIbHBIX ITOACTAHOBOK
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oo-MEC
Al

AS

CA

CF
d-GDP
d-GLDP
d-HS
d-HSM
d-HSR
ESP

FA

FGT
GDP
GLDP
GLHS
GTF

HS

HSR
IAN

IB

LRA
LTF
MEC
MTOHS
MTs
NCF
NCF-1
NCF-2
NCF-3
NI

NT
PADHS
PC
PCF
RANS
SRC
SUDS
TRG
TWPM
UCF
UHS
UMT
VCF

List of the adopted abbreviations

- infinite mutually erasable configurations

- Artificial Intelligence

- algebraic system

- cellular automata (CA-models)

- configurations

- d-dimensional global decomposition problem

- d-dimensional generalized global decomposition problem
- d-dimensional homogeneous structures

- d-dimensional homogeneous structures with memory
- d-dimensional homogeneous structures with refracterity
- elementary symmetrical polynomials

- functional algorithm

- formal grammar theory

- global decomposition problem

- generalized global decomposition problem

- generalized linear classical d-HS

- global transition function

- homogeneous structures (HS-models)

- homogeneous structures with refracterity

- International Academy of Noosphere

- internal block

- locally realizable algorithms

- local transition function

- mutually erasable configurations

- mathematical theory of homogeneous structures

- Turing machine with s symbols on a tape and g states

- nonconstructible configurations (Garden-of-Eden configurations)
- nonconstructible configurations of type 1

- nonconstructible configurations of type 2

- nonconstructible configurations of type 3

- neighborhood index of d-HS

- neighborhood template of d-HS

- parallel algorithms defined by the classical d-HS

- personal computer

- passive configurations

- Russian Academy of Natural Sciences

- self-reproducing configurations in the Moore sense
- sequence of uniquely defined sums

- Tallinn Research Group

- two-way pushdown machines

- universal configurations

- universal homogeneous structures

- universal Turing machine

- vanishing configurations
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IIpegucnoBue

OcHoBHBIE COBpeMeHHBble TeHIEHIMY PasBUTKS IIePCHeKTUBHBIX apXUTEeKTyp BbICOKOIlapasUIesIbHOV
Boiuucaumenvtoi mextuku (BT), ipoOieMbl MOIeIMPOBaHMS OVCKPETHBIX ITapaUIeIbHBIX IIPOIIECCOB,
Teopusi NapaUIeJIbHbIX JUCKPETHBIX AVMHAMIYeCKX CUCTeM, JVCKpeTHas MaTeMaTyKa 1 CMHepreTyKa,
3a7auM MCKYyCCTBEHHOIO VHTeJUIeKTa ¥ poOOTOTeXHMKM, MapajUlelbHble 00paboTka mMHMOpMaim n
AIITOPUTMBI, pm3MIecKoe 1 OMOoJIorMYecKoe MOAeIVIpOBaHMe, a TakKXe LEeJIbI Pl APYTMX BaKHBIX
MIPEATIOCHUIOK B Pa3IMUHBIX 00JIacTSIX COBPEMEHHOI'O eCTeCTBO3HAHS OIIPeesIsioT B IIOCIIeTHIIEe TOIbI
HOBBIVI TIOIbeM VHTepeca K pasJIMYHOro Tuia opMaIbHbIM KJI€TOYHBIM MOJEISIM, VCIIOBeIYOIIVIM
BBICOKOTIapaJUIeJIbHBIV OOpasa IeVICTBIIS, BaXKHEVIIIIMI 113 KOTOPBIX SBJISFOTCS 00HOPOOHble CHIPYKINYpbl
(OC; 0CHOBHOVI CHOHUM ~ K/emouHble a6momansl; B aHIJIOSA3BIYHOV TEPMVHOJIOTMV COOTBETCTBEHHO ~
Homogeneous Structures v Cellular Automata). 3a BpeMsi, IIpoIlle/iiiiee II0CjIe BBIXOa B CBET MOHOrpadpmit
u cobopuuxos crarent [1,3,4,5,7-10,15,45,53-57,75,82,83,143,145,146,152-157,171,173,175,197,304,408,467],
IIOCBAIIIEHHBIX Pa3/IMYHBIM TeOpPeTUYeCKIM U IIPUKIaTHBIM acriekTaM OC-mpoOieMaTKm (310 npexoe
Bceeo omnocumes k pabomam [1,5,8,9,90,134,141,144,145,146,169,164,186,293]), HOCTUTHYT OIIpeesIeHHBIV
Iporpecc B 3TOM HaIlpaBJIeHWN, YTO CBsI3aHO, IIPeXJe BCero, C ycrexaMmy TeOpeTMUIecKoro XapakTepa,
CYILLIeCTBeHHBIM paciIpeHueM cdepsl npwioxenunt OC-monenent (a1a6Hvim 00pazom, 8 ungopmamuke u
Kubepremuxe, pusuxe, Ouos02UU, BLIMUCAUMEALHBIX HAYKAX) VI 3HAUUTEJIBHBIM yBeJIdeHeM KoJIJecTBa
ucciiefoBaresievt B taHHom oonact. Hapsny ¢ atuM, B CILA, fInonuu, Benmmkobpuranmm, I'epmanum n
DCTOHUM HOABWICH 1IeJIbIVl Psi, MOHOrpaduil 1 COOPHMKOB, 00OOIMIAOMINX ¥ CyMMUPYIOMIVX UTOIV
pasBuTus Tex win MHBIX HanpasieHunt Teopun OC (TOC) n ee MHOTOUMCIIEHHBIX IIPVJIOXEHWI BO
MHOTMX obractsix. Harmm monorpadum [1,3,5,8,10] Ha copepkaTesTbHOM YpOBHE IIPeICTaBWIV 0030p
OCHOBHBIX pe3ysbTaToB 10 TOC-mipobrieMaTiike, ToaydeHHbIX Tasasunnckoii TBopueckoi I'pynnoi 3a
30-71eTHU ITepuoy], ee Hay4HO-IIPUKIJIaJTHON AesATeIbHOCTY, UCKITIoYasi AecATWIeTHU Ilepepbls (1997~
2006), 0OyCIIOBIIEHHBIVI aKTVBHOVI pabOTOV Hajl, CYICTeMaMV KOMITBIOTEPHOV MaTeMaTUKI TaKMM, KaK
MathCAD, Reduce, Mathematica vi Maple.

C TeopeTnvecKol TOUKM 3peHVs IoHsATIe Kiemounbix abmomamob (Cellular Automata, shortly CA) Geuio
BBefIeHO B KoHIle 1940-x . ¢pon Heitmanom c nogaun C. Yaama B kadecTBe (popMayIbHBIX MOZereit
CaMOBOCITPOM3BeIeH s OpraHn3MoB. IIpu 3ToM M3ydeHHBIe MM CTPYKTYPBI OBLIN, TJIaBHBIM 00pasoM,
1- 11 2-MepHBIMU, XOTSI pacCMaTPUBAJIVCh 1 OoJlee BHICOKME pasMepHOCTH. Bormpock! yHUBepcaIbHOCTI
BBIUVC/IEHUI Hapsay C APYTVIMM TeOpeTUYecKMM BOIpOocaMy ITOBe[leHMsl JaHHOIO TUIa KJIeTOYHBIX
CTPYKTYp TakXke He ObUIM ymyiieHbI 13 Buga. CA-monens . ¢pon Heitmana nionyumia JajibHemIIiee
pasBuTHe B paboTax ero HeroCpeCTBeHHBIX IT0C/IefloBaTesler], Ybll pe3yJIbTaThl BMeCTe C 3aKOHYeHHO
U OTpeaKTpoBaHHON paboTomt camoro /Ixona ¢pon Heiimana O nsnansl A.B. bepkcom [124,128].
HanbHerinee paspuTue 1 mmpoKasd momysspusanyss CA-mpobiieMaTHKN CBg3aHBI C IMEHaMM TaKMX
uccriefoBartenet Kak B.3. A1adve8, S. Amoroso, E. Banks, J. Buttler, E. Codd, S. Cole, G. Hedlund, G.
Herman, J. Holland, M. Kimura, Y. Kobuchi, A. Maruoka, E.F. Moore, ]. Myhill, H. Nishio, T. Ostrand,
A. Smith, T. Yaku, H. Yamada, A. Waksman 71 HEKOTOPBIX JpyTrux, paboTsl KOTOPBIX B 1960-x - 1970-x
NIpVBJIEK/IV BHUMaHMe K JaHHOV ITpo0ieMaTiKe C TeOpeTHIecKOV TOUKM 3peHNs, a TakkKe pelvuI 1
copMyIIMpOBaIN 1IeJIbIVI Psifl JOCTaTOYHO MHTepecHbIX 1pobiieM [5,536]. BiocsiecTsiy MaTeMaTHKy,
dpmsmkm m OrosIory HavaM M3ydaTh ¥ VICIIONIb30BaTh KJIETOUYHBIE aBTOMATHI (00HOpoOHble CHIpYKIYpbl)
JUISL pa3/IMYHOTO pojia IIpobsieM MOAe/IMpOBaHMs B CBOMX COOCTBEHHBIX 00J1acTaX MccieioBaHus. Mel
JIMYHO To3HaKoMwInch ¢ CA-trpoGiematvkovt B 1969 r., Oarogapst pycckoMy IepeBojly IIpeKpacHOTro
cObopnuKa Tpynos nog, pen. P. Beaamana [123], conepkaliero Takke HbIHe XOPOIIO M3BeCTHbIe PabOThI
KJIaCCMIKOB M pOJOHaYaIbHMKOB JJaHHOrO HanpasiieHus 3.D. Mypa, 1. Mauxuara v C. Yaama.




B.3. AnagpeB

C GoJtee mIpaKTIYeCKOV TOUKM 3peHMs 1 UTPoBOro skcrepuMenTa CA-Mopesib 3asBiia o cebe B KOHIIe
1960-x, xorna . X. Konyaii mpencTaBil XOPOILIO M3BeCTHYIO Terlepb urpy «Life». Vrpa crasia BecbMa
nonyJisipHov yepes pyopuxy M. I'aponepa B XypHase Scientific American vi IipuBjieKjIa BHMMaHMe K
CA-nipobrieMaTiKe KaK MHOTOYVICJIEHHBIX YU€HBIX M3 pa3IMIHbIX o0yIacTel, Tak u jobutesen [5,239].
[lepBOoHAYAIILHO IIEJIBIO 3TOV MUI'PBI OBUIO 3aIIporpaMMMpPOBaTh BecbMa IIPOCTOV HabOp ITpaBIul IS
M3yUeHMsI MaKpOCKOIIMYeCKOro IoBefeHus nonyJanuii. Kpurepunt mis orbopa mpaswi 6bUI OCHOBaH
Ha TOM IIPVHIINIIE, YTO POCT VIV pacliaf, IOy A He HOJDKHBI ObITh JIETKO IIpefcKasyeMbeiMi. Ha
ceropus urpa «Life», BepodTHO, camasi m3BectHas O C-Mofierp; Ipy 3TOM, OHa o0JI1a/iaeT CItocOOHOCTHIO
K CaMOBOCITPOM3BEIEeHVIO TaK JKe, KaK BbIYVCIIUTEIILHOV YHUBEePCAIIBHOCTEIO. YHUBEPCAJIbHOCTD UTPhI
Obuta fokasaHa JIk. Konysem, 1okasaBIlM, UTO yHUMBepcajbHas MalllMHa ThOpuHIa MOXeT OBbITh
rorpy>xeHa B urpy «Life», T.e. pabora MarHe! ThIOpMHra MMUTUPYETCS IIPOCTPAHCTBEHO-BPEMEHHO
nuHamykon Takovt CA-moperm. Ilosxe ObUT IpernoxkeH BecbMa IIPOCTOV CIIOcO0 peasn3oBaTh JII00YIO
OyseBy dpyHKIMIO B KOHPUTrypanysx urpsl «Life» [536]. Takum oOpasoM, maxe Takasi O4eHb IIPOCTas
OC-Mmopenb OKasaslach SKB/BaJICHTHON YHUBepcasibHOM MamnHe TeropuHra. K nanHon OC-Mopernm He
IporiajaeT 3HauYNTeILHBIVI MHTepec U 10 HacTOSIIero BpeMeHI.

Oodnopoodnvie cmpyxkmypst (OC) IpencTaB/IssiOT 0COOBIVI MHTepec B TeOpUN abCTpaKTHBIX aBTOMATOB U
VIMEHHO C TOYKM 3PeHMS VX CHIPYKMYpHoeo acrieKTa (Kax peeyAApHblx cemetl UOeHMUUHBLX AeMEHMAPHbLX
abmomamob, 63aumocba3aHHbIX A0KALLHBIM 00paA30M), CTPYKTYpPHasd OopraHM3allysl KOTOPbIX oOecriedyBaeT
LIeJIBIV PSIJT BaXXHBIX Ka4eCTBEHHBIX XapaKTePUCTHUK, ITPEACTaBIIAIONIX TEOPETUYECKUL 1, TIOXKaIyVi, B
OoJIbIIIeNt CTereHy IPUKIIaJHON MHTepec. Teopuist 00HOpoOHbIX cripyKmyp VIMeeT BeCbMa IMPOKUVL KPYT
HPVWIOKEHUT KaK B pslle pas3aesioB MaTeMaTUKM, Tak 1 B Oostee mpuxIanHeix obmactsax. [Torstie OC
MOXeT CITy>KIUTBb IpeKpacHOV MOEJIbHOV CpefIoll B CaMbIX PasHOOOpasHBIX 3aadax, Omaromaps demy
BITIOJIHE BO3MOXXHO X ITPVIMEHEHVIE B Pa3JINMYHbIX HaquBIX Y IIPpUKJIaAHBIX VICCIIEAOBaHVIAX.

B Hacrosimee Bpemsi OC-Mofienyt MCCIeAYIOTCS CO MHOTMX TOUeK 3peHMsI M B3aMMOCBSI3b TaKOTO THIIA
OIHOPOIHBIX CTPYKTYP C YK€ CYILIeCTBYIOIIVMI IIpodieMaMy OOHAPY>KMBAIOTCS ITIOCTOSIHHO. B 11esrsix
o0rrero o3HakomsieHMs ¢ oOmpHO CA-Ipo06IeMaTVIKON B 1I€JIOM U C €€ OTIeIbHBIMY OCHOBHBIMU
HaITpaBJIEHMSIMY PeKOMEH/IYeTCsl OOPaTUThCs K MHTEPeCHBIM 1 Pa3HOIUIAHOBBIM OO30pHBIM paboTam
TaKMx vcciiefosatesievt, Kak B. A1aodveb, V. Cimagalli, K. Culik, D. Hiebeler, A. Lindenmayer, A. Smith,
P. Sarkar, M. Mitchell, T. Toffoli, R. Volmar, S. Wolfram v gp. [536]. Psn xaur 1 MoHOrpadmi Takmx
aBTOPOB, Kak B.3. As1adveb, A. Adamamckuii, E. Codd, A. Mavawmunckui, M. Duff, M. Garzon, M. Duff,
P. Kendall, S. Wolfram, B. KydpabueB, N. Margolus, T. Toffoli, O. Martin, K. Preston, B. Voorhees, M.
Sipper, R. Vollmar vi HEKOTOPBIX IPYIVX TaKXKe COIepKaT HEKOTOPbIe MCTOpIYecKye 3KCKypcsl B OC-
1po0s1eMaTnKy; K COKaJIEHVIO, €VIHOVI TOUKM 3PeHNs Ha VICTOPUYECKMI acIleKT I10 JJAHHOMY BOIIPOCY
He cytecTByerT [5,536]. Hakonerr, 6ubmorpadus, npencrasiedHas B [163,185,187,255,336,496,516-519,
536], comep>XUT HOBOJIBHO MHOT'O OY€eHb ITOJIE3HBIX CCBUIOK Ha paboTsl 1o CA-1ipobrieMaTvKe, BKIIIOYast
ee MHOTOYVCIIEHHbIe IPUKJIafHble acrieKTsl. [lanHas Ombnmorpadns BecbMa I10J1e3Ha, IIpeXie BCero,
HaYMHAFOIIIVIM VICCJIeIOBAaTEeIISIM B 3TOV O0JIaCTIA.

Mexny TeMm, paccMaTpuBas McTopudeckuy acrieKT CA-ipo6ieMaTHKY, MBI He JOJDKHBI 3a0BIBaTh TOTO
BKJIajla, KOTOPBIVI IIPMBHEC/IVI B JaHHYIO IIpobiieMaTnKy nmoHepckme padboTsr K. I]yse, v ¢ KOTOPBIMU
MIPOBOe Hay4HOe cO0DIIeCcTBO 03HaKOMIIIOCH JIOCTATOYHO IO3/THO U Jake 3a4acTyio Oe3 yIIoMMHaHMs
ero B JJaHHOM McTOpudecKkoM acirekre. ITpu sTom, K. Iy3e He TOJILKO CO3[1aJI IIepPBbIe HPO2PaMMUpPleMble
KoMITbIOTepBl (1935 - 1941) vt M300pert epBBIVi BHICOKOYPOBHEBBIN SI3bIK IporpammupoBaHms (1945),
HO OBUI TaKXe U epBBIM, KTO BBeJl naeto Rechnender Raum (Bviuucaumole npocmpancmba) [126,188,423],
OPYTUMM CJIIOBaMU - KAemouHvie abmomamst (00HOpoOHble CrpyKImypsl) B COBPEMEHHOV TePMIMHOJIOTMMNL.
Torbko MHOTO JIeT cITycTs 1ToI00HbIe MIIeV ObUIV Iepen3IaHbl, Oy IIPU3NPOBAIIVCEH VI Pa3BUBAJIVCh B
paboTax gpyrux aBTOpoB Takmx, Kak 3. @pedkun, T. Togppoau, C. Boavgppam v T.1. [536].

C camoro Havasia HalMx Hay4YHbIX nccaenoBanmit B 1969 no TOC u ee IpwIoXeHVIAM, IIPeX]le BCero, B
MaTeMaT4ecKoy OMoJIoruy pasBUTHs OCTelleHHO Obula cpopmmposada HedpopmanbHas Tasiunrckasn
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mbopueckasn epynna (TTI), BKIIIOYaroIias ucciiefioBaTesIe 13 11eJI0ro psifia KPYIHBIX Hay4YHBIX LIEeHTPOB
osiBIrero Corosa. Cocras TTI' He SBJISUICS CTPOTO OIIPee/IeHHBIM U M3MEHSUICS B JJOBOJIBHO IIIMPOKMX
Ipefesiax B 3aBUCVIMOCTI OT TeMAaTVIKM McciIenyeMbIx mpobsteM. [lomnas 6ubmmorpadusa pador TTT,
BKITIOUasi pabotsl o TOC-ipobieMaTKe, MOXeT OBITh HaveHa B MoHorpadwmsx [1,3,5,7,10]. Tam xe
HpeficTaB/IeHa obImpHas Oubiamorpad st paboT 1 APYTMX MCCIIemoBaTesIell, BHECIINX CYIIeCTBeHHBIN
BKJIQZl B PasBUTVE TEOPETMYECKMX ¥ IPUKIAIHBIX acleKTOB JaHHOIO HaIlpaBJIeHWMS COBPEMEHHOW
MaTeMaTVIecKoV KMOepHeTMKY, BBIXOMSIIEro Ha YPOBEHb MeXOUCYUnAUHApHO20 TIpenMeTa. BecbMa
obmpHas 6mbmorpadus K HacTOsIIeV KHIUTe COAepXUT HanOoslee HOCTYIIHbIE KaK Haly paboThI,
cofepkalye ocHOBHEIe, HonydeHHble TTI, pesynbTaTsl 10 TOC-ipobiieMaTHKe, a TakxKe 1IeJIbI psif,
HanOoJlee M3BECTHBIX 3apyOeXHbIX paboT B maHHOM HarpasieHuM. B xaurax [1,7,9,10] npencrasien
a"Ham3 pestenibHocT TTT 3a 30-71eTvie ee aKTMBHOCTY, KOTOPBIVI MOXKET OBITh TIOYUYMUTEIbHBIM W [T
vccirenoBaHms AvHaMUKM pa3BuTia TOC-ipobieMaTHKYM KaK HAy9HOTO HaIlpaB/IeHNs B IIeJIOM.

B nacrosiee Bpemsi TOC MHTeHCMBHO pa3BUBaeTCsi OUeHb OOJIBIIMM KOJIJIEKTMBOM VIcCIIefloBaTesIelt BO
MHOTMX cTpaHax Mupa u, npexue scero, B CILIA, l'epmannn, Vtammm, @panunn, Snonnmu, Bearpun n
Bermkobpuranum. Cdpopmumposarics 11eIIbIi psfl VcciIeIoBaTeIbCKMX IPYII B YKasaHHBIX cTpaHax. [1o
IIOCJIe[IHeTO BpeMeH! BecbMa aKTVBHas Hay4Has [JesTeJIbHOCTb B TOM HallpaBJIeHWUN IIPOBOAWIACh U B
Ocronmm B pamkax TTI' (6nocaedcmbuu baimutickoeo omoeserus Mexoynapooron Axademuu Hooccpepu),
LIeJIBIVI psifl, IIMOHEPCKMX Pe3yJIbTaTOB KOTOPOV IOIYUWIN MeXIyHapoaHoe IIpU3HaHMe U COCTaBWIN
JIOCTaTOYHO CYIIeCTBeHHYIO YacTh coBpemeHHort TOC.

ExeromHo mpoBoagTCd HallMIOHaJIbHbBIE 1 MeXXyHapoHble Hay4uHble (POPYMBI Pas3IMUYHOIO YPOBHS 110
TOC u ee npuKIagHBIM aclieKTaM. VI3 roga B rof pacTeT KOJIMYeCTBO IIyOIMKaIuil B pas/IMYHBIX KaK
IIePUOONYECcKIX, TaK ¥ Henlepyogmdeckux vaaaavsix (8 CLIA c 1987 e. no smoil npobiemamuxe u3oaemcs
cneyuarvholll xyprasr «Complex Systems»), crieliyiaIbHbIX MOHOTpaduil, KHUT, TPYI0B KOH(PepeHIIN 1
cOOpHMKOB cTaTel, pa3pabaTbIBalOTCs HallMOHaJIbHBIe IIporpaMMel 110 TOC-tipobiiematuke [121], uto
C IIOJIHBIM OCHOBaHMeM I103BOJIsseT TOBOPUTB O IIOCTOSHHO pacTyllleM MHTepece K 3TOV IIpobiieMaTuKe.
Hapsny c atuM, TOC npencTasiisieT coboV 10CTaTOYHO XOPOIIO Pa3sBUTYIO CAMOCTOSITEIbHYIO YacTb
oOriert Teopuy abCTPaKTHBIX aBTOMATOB CO CBOVIMM MeTOIaMV, IIpo0IeMaTVKOV ¥ IIPVIOKEHISIM.
Msnoro sonpocoB TOC-mipobieMaTVKy pellleHo, HO elrle 3HaYMTeIbHOe YVCIIO0 OCTAeTCS OTKPBITHIMU
VIV HAXOUTCA Ha pas/iMuHbIxX ctagysax perenns. OdopmiieHnem TOC B KauecTBe caMOCTOSITEIIBHOTO
Hay4YHOTO HaIpaBJIeHMs SBWIOCH OIlpefiesieHne 11 Hee ¢ 1979 r. criertnanbHOro uHoexca 68Q80 B AMS
(MexOyHapoOHoil npedmemHoll Kiaccugpurkayuu AMepuxancko2o mamemamuyecko2o obujecrmfa), BbIIeIeHVE
CHeIMaIbHOrO pasferia B MaTemaTideckmx SHOMKIorenmsx [119,443], akTvBHBIEe ITOIIBITKY CO3TAHMS
pasBuTon Kiaccudmkaiyuy Harpasieaunt B OC-ipobiiemaruke [120], a Takke co3maHue IOJ, STUIION
IFIP mexmyHapomgHOM padoueil epynns. IO OMHOPOAHBIM CTPYKTypaM (k1emounsim abmomamam). C 1987
OC-nipobrieMaTiKa Bee IIVpe MIpeacTaBIIsieTcs Ha MeXayHaponHbix KoHdepennusax (CIIA, I'epmanus)
110 MaTeMaTN4ecKOMY ¥ KOMIIBIOTEpPHOMY MOJIeIMPOBaHMIO KaK IUIeHAapHBIMY, TaK ¥ CEKIIVIOHHBIMU
noxnagamu. ITorb3oBaTesin KomnbroTepHON cetnt Internet viMeroT TOCTYN K MHGPOPMaLM 10 JaHHOM
rpobsieMaTuKe 110 KiIoueBbIM (ppasam «cellular automata», «00HOpoOHbIE CIPYKMYPLL», <KACIOUHDLE
a6momamul», BKITIOUAs ¥ TaKye BOIIPOCHI KaK MCCiIeloBaTe/IbCKIe IPYIIIEI, Oubimorpaduisi, HaydHbIe
dopymBl, 0TOEIbHBIE PabOTHI U ApyTie BaXkHble aciieKTel TOC-1po0ieMaTHKIL.

B npenmpigyix paboTax MbI McciIeIoBaIM pasInyHble acrekTel MaTeMaTndeckonn TOC 1 MHOImx ee
IIPUJIOKEeHNV, TJIaBHBIM 00pa3oM, B MaTeMaTI4ecKovi OMOJIOry pasBUTHS, BHIYMCIIUTEIIBHOV TeXHVIKe,
nHpopmMaTuke 1 MaTeMatvke. [IpobriemaTyika vccieoOBaHHBIX HaMV BOIIPOCOB JOCTATOYHO OOIIMpHa
VI B 3HAUUTEJIBHOVI Mepe OXBaThIBaeT OCHOBHEIE Halpas/ieHMs vcclenqoBanmii cospeMennon TOC u ee
MHOTOYMCJIEHHBIX OPWIOXKEeHNIL. YuTaTeno, 3aMHTepecOBaHHOMY 3TOVI TeMAaTUKOVI, PeKOMEeHIYIOTCH
paboThl U3 MpUBeeHHOV BecbMa OOIIVIPHOV JINTepaTyphl, B CBOIO OUepe/lb cojeprKalllie J0CTaTOYHO
obmmpHyto 6ubrmorpaduo o paccMatpusaemont TOC-tipobiemaTnke. B manHO MOHOTrpad v psr,
dyHmameHTasIbHBEIX IpoOIeM MaTeMaTndeckoyt TOC paccMaTpuBaeTcs Ha mpuMepe kaaccuveckux OC,
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IIPEeICTABIIAIONINX cOOOV He TOJIbKO (POpMaJIbHYIO MOAeIIb apaUle/IbHbIX BIUMCIIEHUI aHaJIOTMYHO
TOMY, KaK MalllMHbI ThIOpMHra, MalmMHbl 1 cucTembl npoaykumn Ilocra, anropurMer Mapkosa n f1p.
IIpeICTaBIIAIOT coboV popMasIbHble MOJIeIN I0CIeOBaTe/IbHbIX BBIYMCIIEHNUIL, HO M COCTaBJIAIOIINX
ocHoBY Bcevt OC-koHIenmym B 11esioM. TakuM oOpa3oM, paccMaTpuBaeMasi B JaHHOV KHUTe TeMaTuKa
MpeCcTaBIIseT HTepecC U I TeOPUW BBIUVCIIVIMOCTY, IIpeJijIaras, BMecTe C TeM, BecbMa IIPO3padHyIo U
IIPOCTYIO MOJIeJIb KaK [IJII OCBOeHWs KOHIIeMIIMM M OCHOBHBIX (PyHIaMeHTaJIbHBIX IOHSTUV, TaK U
pe3yibTaToB coBpeMeHHOV TOC-11po0ieMaTVKI B 1IeJIOM.

IIpenyiaraemast ynraTesro MOHOrpadwsi HOCUT BIIOJIHe JIOCTYIIHBIVI XapaKTep M B Hell BO MHOIOM Ha
coflepXaTeJIbHOM yPOBHe paccMaTpuBaroTcsi 6a3oBasi KOHIIeIIIMs Kiaccudeckort OC-Mofienyt, OCHOBBI
ee TeopuM ¥ IIpUKIIagHble acekTbl OC-mipobiemaruku. ITpu 3ToM, paccMoTpeHMe OCHOBBIBaeTCsl Ha
ki1accrueckont OC-monenm pasMmepHocrteit 1 n 2, 1o3BosisAsd (He Hapyuias obujHocmu) HEVICKYIIIeHHOMY
YMTaTeITIO JIerde BOWITU B Mpo0OJieMaTHKy IpeiMeTa, He OTBJIeKadCh Ha W3JIUIIHME TPOMO3JIKOCTb U
CJIOKHOCTE. B KadecTBe 6a30601 BbiOpaHa MMeHHO Kilaccudeckass OC-Mojielb, COCTaBIAOIas OCHOBY
MO0 HeoCpPeCTBeHHBIV TPOTOTUII Becex Hambosiee m3BecTHbIX OC-1107100HBIX Mopesient (kiemoutivle
npoyeccopsl U cCmpyKmypul, 00HOPOOHble BbiuiicAUmebHbIE CPedbl, CUCHOAUYECKUe CIPYKIMYpbl, HepOHHbIE U
umepamunsle cemu u m.0.) I He TpeOyIoIias CenVaIbHBIX 3HAHUV M3 psifia pas3aesioB MaTeMaTWKI,
KubepHeTnku 1 11p. bosee Toro, Teopms xiaccudecknx OC-Mopernent Ha cerofHs sBjisgeTcd Hambosee
VICCIIeZIOBAHHOV M Pa3sBUTON KaK BIIOJIHE CaMOCTOSITEJIbHOTO MaTeMaTHU4decKoro pasgena. V1 Bmecre c
TeM, 3HaKOMCTBO ¢ Kj1accudeckoit OC-MofIeJIbIo cOCTaB/IsIeT OCHOBY pOpMMpOBaHMs TaK Ha3bIBaeMOIO
«naparessHo20 00pasa Moluiienus» C IOCJIeAyIOIIMM OCBOeHMeM MOJO0O0HBIX eVl BhICOKONapaslle/IbHbIX
AVICKPETHBIX cVicTeM (Hedemepmunupobannvie, cmoxacmuyeckue OC-modeau u m.o.).

YuureiBasg oOIIMpHOCTE MaTepuaa, 00beM KHUIM U IIpeciieflyeMble 11eJIi, HacTosIasi KHuUra HOCUT B
3HAUMUTEeIBHOV CTelleHV 0O30PHBIVI XapaKTep ¥ HalllCaHa CKOpee Ha CofepKaTeJIbHOM ypPOBHE, UeM B
BUIe CTPOIMX MaTeMaTU4ecKux popMyJIMpPOBOK, HO He B yIepd BHyTpeHHeV CTPOTOCTH M3JIOKEeHUs.
ITpencraBiieHHBIe B KHUTe Pe3yJIbTaThI 11 COOOpaXkeHMs 110 Mepe BO3MOXXHOCTY He TpeOyIOT cepbe3HO
MaTeMaTV4ecKOV TIOATOTOBKY V1 He IIPeBBIIIAlOT YPOBHS CBelleHN B 00beMe ITporpaM YHUBEPCUTETOB
PuBMKO-TeXHNYeCKOro mpodwid Mo Kypcy mMaTeMaTuKW. JIaHHBIVI ITOXO[L ITO3BOJIAeT CyIeCTBEeHHO
IIpoIlle OCO3HaBaTh CYTh VI KOHIEIIINN IperjlaraeMo IpobsieMaTHKN, He OTBJIeKasiCh Ha OTIIeJIbHBIe
TeXHW4YecKye BOIIPOCHI, IIpucyIue cyryoo meromonorum camont TOC-tipobiemarvkiu. PaccMoTpenHble
HVDKe dyHaMeHTaJIbHble ITpo0sIeMbl OXBaThIBAIOT, IIPAKTUUYECKN, 6a308blil YypoBent Teopum U BBOIAT
HaumHaromiero ynutaresisi B TOC-mipobieMaTyKy, IIpecTaBIsIoNIy o coO0i BIIOJIHE CaMOCTOSITeJIbHYIO
BeTBb 00I1IelT Teopum OecKOHeUHbIX abCTpaKTHBIX aBTOMATOB C BecbMa CIlelryuecKoyt BHyTpeHHel
opraHM3alyen ¥ HbIHe HOCSIIYIO0 MeXOUCYUNAUHAPHBLIL XapaKTep.

CoBpemeHHBINT pocT nMHTepeca K OC-1pobiiemaTrike 00yC/IOBIIEH BO3MOXKHOCTSIMYU ee 3P PeKTMBHOrO
IIpUMeHeHMsl B IBYX OIpedeIsiomyx HampasieHusx: (1) popmarvnas modeav BuicokonapariesvHoil
obpabomuxu ungopmavyuu Bo Beeil ee obugHocmu u (2) yoodnas cpeda modeaupobanusn pasHoodOpasHvIX
ecimecmBeHHbIX U UCKYCCMBEHHbIX OUCKPeMHbIX cucmeM, npoyeccoB u abaenuil, donyckarouux Becoma
Boicoxuil ypoBensv pacnapassesuBanusa. VIHTepec K HUM yCUIVBAETCS Y BO3MOXKHOCTBIO ITPaKTIIECKOV
peayM3anuy BBICOKOIIapaUIeJIbHbIX BEIYMCIINTENIbHBIX OC-MoIerieVi Ha OCHOBE COBPEMEHHBIX YCIIEXOB
MUKPOJIEKTPOHVIKI U IIePCIIeKTBaMy 00paboTky MHAOPpMaLY Ha MOJIEKYJIIPHOM YpOBHE (Mernodb!
narnomextosoeuu). Cama OC-KoHIleIIIMs obecrieunBaeT IIOCTPOeHe KOHIIENITYJIbHBIX VI IIPaKTIYIeCKIIX
MozIeTIevt NpoCHpaHcmbeHHo-pacnpedeseHHblX JUHAMITIECKMX CUCTeM, U3 KOTOPBIX (PV3MYecKre CUCTeMBI
SIBJISTIOTCS. HanOoJlee MIHTEPECHBIMM U IIePCIIEKTUBHBIMIL.

Mopernu, KOTOpble SIBHBIM CIIOCOOOM CBOISIT MAKPOCKONUuecKie IIPOIECChl K CTPOTO OIIpeelIeHHbIM
MUKpOCKOonuyeckum IIporeccam, IpeIcTaB/IsIIOT 0C00bL1l THOCEOJIOTTYECKI VI METOIMYEeCKUT VIHTepec,
100 oHM 00J1azaroT OOJIBIION YOeaUTeIbHOCTBIO M IIPO3pavyHOCThIO. VIMEHHO ¢ JaHHOV TOYKM 3peHVs
pasiasHoro Tmra OC-Mozieny IIPeACTaBIISIIOT OCOOBIV MHTEpeC, IIpeXile BCero, ¢ IPUKIAITHOV TOYKN
3peHVs TPV VICCIIEOBAHMI I1€JIOTO psijla IIPOLIeCCOB, SIBJIEHNI 11 (PeHOMEHOB B pa3INMIHbIX 0071acTsX, 1
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B IIePBYIO odyepens B dmsuke. B yactHOCTM, Ha ocHOBe OC MOXHO CO3[1aBaTh BeCbMa IIPOCThIe MOJIEIN
muddepentmanpHbIx ypasHeHm dvsukn (Habve-Cmokca, menaonpoboorocmu u 0p.), [UHAMVKY Ta30B U
KMAKOCTeV, 1eJIOr0 psla BaKHBIX 3a/ad KOJUIEKTMBHOIO IIOBelleHMs, HalpumMep, TypOyIeHTHOCTb,
dpaxTasIbHOCTB, Xa0c, yIOpsiIoueHue U Ap.

Bmecre ¢ Tem Bormpeku pocty akryassbHOCT TOC-1ipo0sieMaTvIKy 37ech Ha CETOHS CJIOXKIMIach BeCbMa
cBoeobpasHas curyanus. IIpexxae Bcero, reorpadsi aKITVMBHOCTYI MICCIIEOBAHNIL B 5TOM HallpaBJIeHUN
HOCUT JIOCTaTOYHO ITeCTPBIVi Xapakrep. HavOospIas ak TMBHOCTE IIPVMXOAMUTCS 371eCh Ha TaKye CTPaHbl
kak CIIIA, SImonms, Bermko6puranns, ['epmanms, @panrms, Benrpus, Vitamms. Torna kak B ObiBIieM
CCCP pannas mpoOseMaTvKa TIOAAEepXXMBaJIach YCVIIMSIMU OTHOCUTEILHO HeOOJIBIIIOro KOJIMYecTBa
VicCIIefioBaTesIell M3 pa3INMYHbIX Hay4YHBIX IIEHTPOB, a TakKKe HECKOJIBKMMMU OO0BeIVHEeHHBIMY 001Ier
TOC-nipo0rieMaTHKOV MCCIIeIOBaTeILCKMMY TpyamMy. OTedecTBeHHbIE HayYHbIE M3IaHNS B JaHHOM
HaripasiieHUM 3a 30-JIeTHUV TIepuo]l IPeICTaBIIgI0T BCero BoceMb MOHOIpad i, 13 KOTOPBIX YeTbIpe
npuxonsrcs Ha TTI. Takke oTHOCUTeNTbHO MastounciieHHBI 110 TOC-tipobrieMaTike 1 OTeUeCTBEeHHbIe
IepyoAMYIecKyie Iy OMKamyy, 1a ¥ OTHOCATCS OHVM B 3HAUMTEIBHOV CTeIIeHV K CyTy00 IIPMK/IaJHBIM
ee aclleKTaM B BBIUMCIINTEIIbHBIX HayKax. Bo-BTOPBIX, IIpu BceM 00WIIMM 11 pa3sHOOOpas3uy Iy OyIMKaImi
3a pyOexxoM 1 TaM umciIo KHUT ¥ MoHorpadwuit mo TOC-ipobiieMaTiKe OTHOCUTEIBHO HEBEJIVIKO U He
npesebiiraeT 200. 3a pegKnM UCKIIOUeHVeM Bce 3TV KHUTY OpMeHTVPOBaHbl Ha Y Ke IIO[TOTOBJIEHHOTO
ypTaTesIs M He MOTYT OKas3aTh CYIIeCTBEHHOIO BJIVISHMS Ha pellleHNe BeCbMa aKTyasIbHOV IIpOo0JIeMbl
TIOITYJISIpU3AIINY KOHLIEMIINY, WIeVl, MeTOIOB, IIOIXOI0B [1a M BO3MOXHOCTel1, obecrieunBaeMbix OC-
MozesIAMM BO Bcemt mx obmHocTn. Hakoner, mo TOC-mpoOiiemMaTKe CJIOXWICS psifl, HallpaBJIeHUI U
Hay4YHBIX IIIKOJI, CpeVi KOTOPBIX B psijie CJlydaeB OTCyTCTBYeT cepbe3Has Hay4Hasl CBsI3b, YTO IIPUBOIUT
K CyITIeCTBEHHOMY JTyOJIMpOBaHMIO pe3ysIbTaToB M APYIMM m3fepkkaM. Tax, mpocrpanHas (Bciedcmbue
MHo20uUCAeHHbIX pucyHkob) i ipeTeHIo3Has kaUra «A New Kind of Science» [407] comepxxut Hemaio
pe3yJIbTaToB, KOTOphle OBbUINM I10JTy4YeHbl HAMHOTO paHbIlle 1eJIbIM PSIOM OPYTMX MccilefoBaTesiel 1o
TOC-tipobiemaTviKe, B TOM 4mciie, copeTckmnMm apropamm (cM. [1,3-5,8,9,53-57,80,82,83,127-135,137-142,
150-161,169-171,175-179,182-191,195-201,230-233,240,241,536] n mHorme np.). Kpome toro, nensiit psm
dyHIaMeHTaJIbHBIX pe3yJIbTaTOB B TOM HallpaBJIeHUM IIpUHaJIeXaT IPYyriM McciiefoBaTessM. SIBHasd
IIpeMIB3STOCTh aBTOPa KHUTY He I03BOJIZeT €My CMOTPeTh JOCTaTOYHO OOBEKTMBHO 1 Ha XPOHOJIOTIO
TOC-11pobrieMaTVKM B I1€JIOM. YCTPaHUTH OA00HBIE HEIOCTATKV B CBETe BBIITIECKa3aHHOTO IIPVI3BAHBI
He TOJIBKO yIIOMsIHyTas paHee pabouas rpynmna B coctase IFIP, HO Takke 11 co3jaHMe 11eJI0ro psifla KHUT
o TOC-ripobrreMaTyiKe HayYHO-IIOIYJIIPHOTO XapaKTepa ¥ pas3INnIHOV OpVeHTalIIN.

Bkpatiie ocraHoBuThCA Ha yriomsiHyTon KHure «A New Kind of Science» (Hayxa noboeo muna u He meree)
[407] nestecoobpasHO MMeHHO B CBSA3M C KOppeKTHOM maeHTudmKammen Mecta TOC-mipobieMaTK B
cocTaBe IPYyIux pasziesioB COBpeMeHHOro ecrecTBo3HaHMs. OO0beMucTOe M3IaHMe TOJIBKO Ha IepBhIN
B3IJISAZ], MOXKeT CITy>KUTh HeKVM OTKPOBEHMeM IS TeX, KTO HU B MaJleVilient crelleHn He 3HakKoM ¢ TOC-
npobriematvkont (kaemounsimu abmomamamu, Cellular Automata). HecMoTps Ha TO, YTO KHUTa COHEPIXKUT
HeMa1o (8 yeaom psde cayuaed Becoma unmepecHvix) MpuMepos IIpuMeHeHnst OC-Mozierier], Kak ee CTIb,
TaK ¥ IeJIBIV PSIl COIEPKaIIXCs B HeVl YTBEPKIEeHMY HOCUT BecbMa TeHJIEHIIVO3HBIV XapaKTep, He
VMesl peaJIbHOTo nopaTeepxaeHns. Camo Xe ee Ha3BaHVMe HOCUT, CKOpee, KOMMepPUYeCKiil, peKjIaMHbIV
XapakTep, pacCUMTaHHBIV Ha IIMPOKYIO ITyO/IMKy, a He Ha cepbe3HYI0 HayuHyIo ayauTopuio. OTMeTM
TOJIBKO HEKOTOPBIE M3 aBTOPCKMX OTKPOBEHWV, a VIMEHHO. «Dma kHuea - pe3yvmam 08adyamuiemmeeo
mpyoa no co3danuto Hayku Hobo2o muna. 4 u He npednosaeas, umo 6ce max 3amanemcs. Paboma sampaeubaem
npaxmuuecku 6ce cghepbi NO3HAHUA U 0AXe NPOCHUPALINCS HEMH020 0aAbule 30 UX npedeast. sl npuuies k 6v1600y,
u1mo Moe omKpbimue - 00Ho U3 Haubosee BaxHvix Bo Beell ucmopuu meopemuyeckon Hayku.». [laee cam aBTOp
yTBEPXKIIaeT, YTO KOMITBIOTEPHBIE MOV, Ha3BaHHBIE KAeMOUHbIMU ABMOMAMAMU, TIPEACTABIISIOT K0T
K TIOHMMaHUIO BCeX CJIOKHOCTEV! IIPUPOBI = OT KBAPKOB 10 3KOHOMIYecKmX cucreM. OH yTBepXKIaerT,
YTO ero KHura ObUIa TIOHSTa KaK «uHuyuupyouai 6 nayke cobue napaduemvl ucmopuieckoi BaxHocmu, c
HOBbIMU NPUAOKEHUAMU, NOABAAIOUSUMUCA KaXObLil 200 Bce 8 boavuiem Koauvecmbe.»
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B.3. AnagpeB

Ha camom xe pgeite C. Boavghpam Halllesl HeB3bICKaTeIbHYIO ayIUTOPWIO IJISL JaHHBIX MIIeVl C IIOMOIIIBbIO
CBOEro MHOTOCTPaHMYHOIO CAMOM3JaHHOTI'O OIyca, He MMEIOIIero JJ0CTaTOYHO Cepbe3HOI0 OTHOIIEHMS
K cOOCTBEHHO HayKe. YUUTBIBasi ke CIIOpHble MOPaJIbHO-3TIYeCKNe ITPUHIIUIIEI KOMIIaHUM, KOTOPYIO
BosmiasisteT C. Boabghpam, MOXHO BIIOJIHE IIPEAIIONIOXIUTD, YTO JaHHAs KHUTA — He TOJIBKO pe3yJIbTaT
HeyTOMIMOVI paboThI PaHTa3MM aBTOPa, HO U VIO, MHOTOJIETHEV PaboThl KOMaHIbI IIPOrPaMMIICTOB,
y4eHBIX, peJaKTOpoB, Au3avHepos. ITpu atoM, dpaxTruecku C. Boasghpam nepesartycTl cTapble Maeu,
IIpeficTaB/IeHHBIe Ha obcyxaeHne B 80-x 1 90-x Tomax IponuIoro BeKa B 001acTi Xxaoca M CJI0XKHOCTH,
KOTOpPble MOXXKHO paccMaTpuBaTh KaK eJIiHoe I1oJie JesTesibHoCTY. CHelaicTel B 3TOV 00J1acTy yxe
ZITaBHO TOBOPSIT O TOM paKTe, UTO OYeHb ITPOCThIe IIpaBiIa ¢ IIOMOIIIBIO0 KOMITbIOTepa MOT'YyT HOPOXIaTh
Upe3BbIYAIHO CJIOJKHBIE KaPTWUHBI, KaKeTCs, M3MEHSIONIecs: 0ecriopsJouHO, KaK (PYHKIINS BpeMeH.
ITomoOHbBIM ke 00pa3oM, yTBEPKIAIOT OHM, IIPOCThIe IIpaBiUla JO/DKHBEI JIeXKaTh TaKKe B OCHOBE 11eJI0TO
Ppsa, HO-BUAMMOCTY, CJIOKHBIX SIBJIEHUV B IIPVIPOJIe, HO, eCTECTBEHHO, flajleKo He Bcex [536].

He BraBasice B meTaibHBIN 0030p YKa3aHHOV KHUTY (Hekomopble U3 peyeH3utl Ha Hee MOXHO Hatimu 6 [536]
u 6 Mnmepneme), TOIBKO OTMETVM, YTO BOIIPEKN IIpecilellyeMbIM IeJIsiM, KHIUTa He TOJIBKO He SBIIach
OTKPOBEHVEM TS CIIeLMaICTOB, pabortatomux mo TOC-mipobrieMaTiKe, HO ¥ B OIIPe[IeJIeHHOV Mepe
cdopMmpoBaIa 1 HECKOJIBKO VCKaXkeHHOe IIpeJICTaBjIeHVie O caMovi 0071acTy MCCIIeoBaHNIL, Ha CaMOM
JieJIe JOCTaTOYHO ITePCIIEKTMBHOV CO MHOTMX TOYeK 3peHus. MexXmay TeM, OBbITh MOXeT, OHa U SIBWIach
OTKPOBEHVEM IS JIIOOWTeIIelt, MHTePeCyIOIIXCs PasIndHOIo Pofia OKOJIOHAYYHBIMI TEOPVISIMU, VIV
HecrrenaacToB. He KpacuT 3Ty KHUTY He TOJIBKO OTKPOBEHHO CITEKYJIATUBHBIVI XapaKTep M3JIOKeHVIs
(k020a 8 yeaom psde cayuaeB abmop nuuiem o Beuyax, He uMes HA MO NOHAMUSA), HO VI YHULIVDKUTEIIBHBIV TOH
K CBOVIM Hay4YHBIM KOJUIeraM, KOTOPbIMU B LI€JIOM psifie CjIy4daeB II0JTydY€Hbl HaMHOI'O Oostee Cepbe3HbIC
Ppe3yJIbTaThl, ICKaXKeHVe VICTOPUM IIpefIMeTa, IIOIBITKM KOCBEHHOTO IIPVICBOEHWS Yy KIX Pe3ysIbTaToB,
MeHTOpCKVIVI TOH, HMYEM He obocHOBaHHBIE YTBEPXXIOEHVI 11 MHOTO€ APpYyroe, 4To He II03BOJIKIET HaM
paccMaTpuBaTh JJaHHYIO KHUTY B KadeCTBe Cepbe3HOro Hay4HOTIo mccirenosanms. ITpu sTom, He ctouT
paccMaTpMBaTh Hallle MHEHME CIIVMIIIKOM ITpeAB35TO — Ha CpOHe MHOTI'OYVMCJIEHHBIX OT3bIBOB Ha KHUTY
OHO CMOTPUTCS B IOCTaTOYHO BhIepKaHHBIX ToHaX ([536], A Collection of Reviews of ANKOS).

Mexy TeM, Hellb3s yTBep KIIaTh, UTO 3Ty KHUT'Y He CTOUT UnTaTh. Ecii BBl MOXeTe IIpOUTHOPUpPOBaTh
ATOLIeHTPpUYeCcKUi YKIIOH, TO OHa J1acT KpaTkum 0630p no TOC-mipobrieMaTvike U ee HPMIIOXKEHWSIM,
XOTs1 CTWIb ee M3JI0KeHWsI HOCUT JTI0BOJIbHO CyMOYypHBIN xapakTep. VI XoTg ocHOBOIOJIararmmit BEIBO,
KHUTY = Npocnivie npoepammst 00esAcHAI0mM Bce = MOXeT BIIOXHOBUTh HelIpodecCcroHaIbHBIX YMTaTesler,
OJIHaKO BechbMa COMHMTEIbHO, YTO 3Ta KHUIa BIOXHOBUT Cephe3HOe Hay4yHOoe COOOIecTBO. DTa KHUIa
Npu3bIBaeT y4deHbIX mccienosarb O C-Mopeny, KOTOpble M TaK y>Ke JaBHO M YCIIeIIHO MCCIIeAYIOTCs C
pasuHbIX Todek 3peHud. [lo HameMy MHeHWIO, KHUTa IpeJICTaB/IseT CIIeKYJIATVBHBIV B3I/, KaK Ha
OC, Tak n Ha HayKy B 11eJioM. OHa MOXeT ITpe/iCTaBUTh HeKOTOPBIVI MHTepec JINIIb IS IVJIeTaHTOB B
obstactit OC-ipobIIeMaTHKM U U1l BecbMa HeTpeOoBaTe IbHBIX JIF0OMTesIer HayYHOV (paHTaCTUKIL.

V1 el1te Ha OJHOM JIOCTATOYHO CYIIIeCTBEHHOM acIleKTe CJIeflyeT OCTaHOBUThCs 0co0o. JIrobas xoporras
Teopwsi, He TOBOps yXe O «Hayke HoB020 muna», HOJKHA MpecKa3bIBaTh 1 I10JTyYaTh HeTPUBMaJIbHbIe
KauecTBeHHO HOBbIe pe3yJIbTaThl, He IIOBTOPss yoKe MMeIOIecs 1 IoJTyYeHHbIe MHBIMM cpeficTBamMu. B
cirydae e ¢ paccmarpubaeMort TOC-1mrpo0rieMaTVKOVI TaKOro 110 O0JIBIIIOMY cueTy He HabJIojjaeTcs - B
BBIUMCIINTEIbHOM KOHTeKcTe OC-Mopiesin 3KBMBaJIeHTHBI JIPYTVIM M3BeCTHBIM (POpMaIbHBIM MOJIeIsIM
BBIUMCIIUTEIIeN, Torja Kak caM Mapasulesn3M MCIIOIb30BajICs B IIPUPOJIe U BEIUMCINTEILHOV TeXHUKe 1
paHee, MpaBfia, B IUIaHe MOJIeIVPOBaHMS IOSBIIeTCs BO3SMOXXHOCTD B 11eJIOM psifie cJlydaeB HaMHOTO
Gostee ajIeKBaTHOTO CUMYJIMPOBaHMS Y SMIMPUUYECKOI'0 MCC/IeJOBaHMs MHOTHX ITPOIIeccoB, 00BeKTOB 1
aprieHun. Ho ecimn Ha smnimprdeckoM dyHIaMeHTe ¥ MOXKHO ITOCTPOUTH OIlperiesleHHble TeXHYecKue
IIPOEeKTHI U IPeAIIoIoXKeHNsd, TO PyHAaMeHTa/IbHasl HayKa TpeOyeT BecbMa CTPOTMX MaTeMaTUUeCKMX
obocHoBaHMIL. VIMEHHO IO 3TOV HNpWUUYMHE OIpee/IeHHbIM IIPOTUBOIIOCTaB/IeHeM TouKe 3peHus Ha
OC-nipobrieMaTuKy, OeKJIapupyeMont BblllleyrnoMsHyTot kHuront [407], mpencraBuM 1 cBoe BUeHNe
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Knaccudeckue ogHOpOHbIe CTPYKTYPBI. KneTouHbie aBTOMATbI

HJaHHOI'0 BOIIpOcCa. Hamr ot VICCIIeJOBaHMN B TOC-HPO6H€M&TT/IK€ KaK Ha TeopeTn4YeCcKoM, TaK 1 Ha
CYI"Y6O IIPUKIIaJHOM YPOBHAX TOBOPUT COBEPIIEHHO MHOE, a IMEHHO:

(1) OC (00HOpoOHbBle CrpYKIMYpbL, KAemouHble aBmomantsl) IPeACTaBIIIOT cOOOTT OOVH M3 CIeIMaTbHbIX
KJIacCcoB DeckoHeuHblx aOCTpaKTHBIX aBTOMATOB CO cheyugputeckoil BHyTpeHHeN opraHu3alyen, KoTopas
00yciI0B/IVIBaeT O4eHb BBICOKNV yPOBEHb pacnapaitesubanus oopaboTKy MHPOPMAIIUM ¥ BEIYUCIICHNT;
JaHHBIe CTPYKTYpPBl 00pasyioT crelrndudeckKu KIace AUCKPETHBIX JMHAMUYeCKMX CUCTeM, KOTOopble
JyHKIMOHMPYIOT cyry0o HapasuiesIbHbIM 00pa3oM Ha OCHOBe IMPUHIINIIA 10KAAbH020 OIIVI3KOIeVICTBIS;
3TO IT03BOJISIET VCCIIefIoBaTh UX B pycile ¥ MeTofaMy CHCTeM I107J00HOro TuIla;

2) OC MOTYT CJIY>XUTb BIIOJIHE YOOBJIETBOPUTEIEHOV MOOE/IbIO AaPaUIeIbHBIX BHIUVICIIEH L Iogo0OHO
TOMY, KaK MalmHel TeiopuHra (Hopmassisie areopummst MaproBa, cucmemol npodyxyuil u mawiumnst [locma,
TAG-, LAG-cucmemsi u 0p.) CJIy’XaT B KauecTBe POpPMaTbHBIX MOJIeTIeVt 10c1e008a1mebHbLX BEIIVICTIEHT;
IO00HO BTOpEIM OC-MOpesm 00J1aaroT CBOVICTBOM YHVBEPCAJIBHOVI BBIUVMCIIMIMOCTY; C JAHHOVI TOYKM
3pennsi OC MOXHO paccMaTpMBaTh U KakK airedOpandecKiie CHCTeMBI TlepepabOTKI KOHEUHBIX CJIOB Ha
OCHOBE ITpaBWI IIapaJUIEJIbHBIX ITOACTAaHOBOK,

(3) caM TIPVHIINII JIOKAJIBHOTO B3aMIMOZIEVICTBISI cocTaBisomyx OC emMHNYHBIX KOHEYHBIX aBTOMATOB,
OIIpeNIesIAIONIero B pesysibTaTe X MNIO0aJIbHYIO AMHAMUKY, II03BOJIsIeT MCIIoIb3oBaTh OC 1 B KauecTse
IIpeKpacHOV Cpelibl MOMeJIMPOBaHNs/CMYJINPOBaHIs BeChbMa IIMPOKOIo Kpyra IIpoLeccoB, SABJIEHU 1
deHOMeHOB; Ipu 3TOM, peHOMeH oopamumocmu OC-gyHaMUKM fetaeT OC o4eHb MHTEPEeCHOV Cpeiovt
KakK 111 (pu31decKoro MoaeIMpoBaHus, TaK U I CO30aHNs OYeHb IepCIIeKTMBHBIX BEIUMCIINTEIbHBIX
CTPYKTYP, UCHOIB3YIOMMX HanomexHooeuu. ITpu atom, OC MOXHO paccMaTpuBaTh, IpeXie BCero, Kak
MOJIeJIbHYIO aJIbTepHaTUBY U InddepeHIIaIbHbIM YpaBHEeHNSIM B YaCTHBIX Ipoun3BoaHbIX. Hapsmy c
stM OC npecTaBiIgoT BeCbMa IIepCeKTUBHYIO MOJIe/IbHYIO Cpefy I VCCIIeOBaHM TeX SBJICHW,
IIpOI1eccoB, PeHOMEHOB 1 O0BEKTOB, /Il KOTOPBIX OTCYTCTBYIOT M3BeCTHBIe KylacCuUuecKiue CpeficTBa.
Mexny Tem, cieryeT KOHCTaTUpOBaTh, YTO cobcTBeHHO caMa Teopus OC 13BeCcTHa J1I0CTaTOYHO JaBHO
ITOBOJIBHO Y3KOMY KPYTy MaTeMaTuKoB 1 ¢pusnkos. ITpu aToM BosIHEe BO3MOXKHO, UTO MK aKTMBHOCTY
TeopeTUYecKnx MccjiefoBanmm Kiaccudecknx OC-Moperent yxe o3aay v, J1aB MOIIHBIV VIMITYJIbC KaK
pasimuHoro poaa MoamdmrkauysaM 1 Tirnam OC-mofieriern, Tak 1 MHOTMM IIPUK/IaJHBIM pa3paboTkam,
6asupyromyvcs Ha O C-KOHIIENIINY B IIVIPOKOM CMBICIIe ee IIOHVMaHWs, Kiaccmdeckue OC-Momenit He
OyayT y>Ke TaK aKTMBHO TEOPeTIUEeCK VCCIIeIOBaThCS B KadeCTBe Cyry00 MaTeMaTdecKoro O0beKTa.

B 1ieriom, TOC-1ipobrieMaTnKy, Ha HaIll B3IJISII, ¢ OOJIBIIION 0JIeVT JIOCTOBEPHOCTV MOXKHO ITPECTaBUTh
cebe Kak 2 cocTapisrone, a mMeHHO: (1) OC B KauecTBe CaMOCTOSITE/ILHOIO MAaTeMaTUYeCKOro 00beKTa
vccenoBaHmyt (Hanpumep, kak Bvicokonapatiesshvie OUCKpemHsle OuHAMUYECKUe CUCTEMbL, KAK (POpMAbHbIe
napaijesvHbie A10pummsl u epammamuxi, u pao op.) v (2) OC xak 3 PeKTUBHYIO cpeny MOIeIIPOBaHIS
Pa3INYHBIX IIPOIIECCOB, SIBJIEHUM M (DEHOMEHOB, CyTh KOTOPBIX VICIIOJIb3YyeT ITOBCEMECTHBIVI ITPVIHIIVIT
JIOKQJIBHOTO B3aVIMOIEVICTBYISL SJIEeMEHTAPHBIX COCTaBIISIOMIVIX (6 uacmuocmu, yea0eo paoa 6uoi0euteckux,
usuneckux u xumudeckux npoyeccof). Kaxk mpaswmio, meppasi COCTaBJISIONMIAs JOCTATOYHO MHTEHCUBHO
pasBuBaeTCs MaTeMaTMKaMU, TOTAa KakK OOJIBIIION BKIIAZ B PasBUTHE BTOPOVI COCTABIISIIOIIEV BHOCUT M1
CYIIIECTBEHHO OoJlee IperCTaBUTeIbHBIVI KPYT VCCIIeNOBaTeIIel M3 Pas3IMIHbIX eCTeCTBeHHO-HayUHBIX
KaK TeOpeTMIeCcKIX, TaK M IPVKIaJHBIX obacTent (¢usuxa, xumus, buosoeus, mexruka u op.). Ilpu sTom,
eci cyry0o Teoperndeckue vccirenoBanyst 1o TOC-mpobrieMaTyike B OCHOBE CBOEVI OTPaHMYVBAIOTCS
KaaccuueckuMu, noaueeHHsiMu v cmoxacmuueckumu OC, Torma Kak pe3yJIbTaThl BTOPOV COCTABJISIONIEN
6a3v1pyIOTCH Ha CyIIeCTBEHHO Oosiee MIMPOKOM ITpeICTaBUTEILCTBE M TUIIOB, U KitaccoB O C-mozmerners,
HaOeIAOIINX COCTaBIIAIOIIINE VX SHeMEHTapHBIe aBTOMATbI CaMbIMI paSHOO6paSHBIMVI CBOVICTBAMU U C
JO0CTAaTOYHO CJIIOXKHBIMUM HpaBVUIaMT/I JIOKQJIBHOT O BSaVIMOHeVICTBVIH ME)K)Iy HVIMN. B mejJioM OTMeTUM,
ecin Kaccudeckre OC-Mopern IIpefICTaBIIIIoT coOOoTI, IIpeXkae Bcero, popMasibHble MaTeMaTidecKie
CUCTeMBI, MccileflyeMble IMEHHO B JaHHOM KOHTeKCTe, TOor/a KaK VX MHOTOYMC/IeHHbIe MOV VKaIIM
1 0000IIeHs 06pa3yIOT JIOCTATOYHO MEePCIIeKTUBHYIO Cpeay MOOEIMPOBAaHN Te€X VIV VHBIX SIBJICHWVI,
00BEKTOB, ITPOIIECcCOB 11 (HPEeHOMEHOB.
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B.3. AnagpeB

Kak HaMm y>ke oTMeuasioch, B OT/IYMe OT 11eJIOrO psfa JPyIMX COBPeMeHHBIX pa3/ie/loB eCTeCTBEeHHBIX
HayK, TeopeTndeckas cocrasisomas TOC-mpoOieMaTHKIL He CTOJIb CyIIIeCTBeHHO IlepeceKaeTcsi C ee
BTOPOVI IPUKJIQJHOVI COCTABJISIONIEV ¥ B 9TOM OTHOIIEHWMI MOXXHO BIIOJIHE YMeCTHO TroBoputh 0 TOC-
1pobsieMaTyKe KakK O JBYX JOCTaTOYHO CaMOCTOATeJIbHBIX HallpaB/IeHMsX, a MMeHHO: (1) ucciiefioBaHme
MaTeMaTaecknx OC-00beKTOB KaK TaKOBBIX M (2) mcnonb3oBaHue OC-cpenpl i CUMYJIMPOBAHIS;
PV 5TOM, BTOpPO€e HallpaBJIeHVe XapaKTepu3yeTcs 11 0ojlee MIMPOKNMM CIIEKTPOM HallpaBJIeHUIT Cyry0o
NpuKIagHoro xapakrepa. [Ipu 3ToM, ypoBeHb pasBuTVsl BTOPOrO HallpaBIeHVsl B 3HAUMUTEILHON Mepe
oIpeiesisieTcsi BO3MOXKHOCTSIMM COBPEMEHHBIX BBIUMCIIUTEIBHBIX cucTeM (kaacmepob), T.X. O C-momenm,
KaK IIpaBIIO, PeaM3yI0TCs Ha OOJIBIIIOM UNICITIe eIVHIYIHBIX aBTOMATOB ¥, KaK IIPaBuJIo, C JOCTAaTOYHO
CJIOXKHBIMY ITpaBIIaMy JIOKQJIBHOTO B3aVIMOJIEVICTBIISI MEXKITY COOOVA.

CaM xxe OC-11011X07, MOXKHO B II€JIOM psifie CJTy4daeB acCOLMMPOBATh C HEKOTOPBIM MO00eAbHbIM aHAJIOTOM
nddepeHIMaIBHBIX YPaBHEHNI, ONVCHIBAIOIINX TOT VIM MHOW IIPOLIecC C TeM OT/IMYMeM, YTO eCiIn
nuddepeHIMaIbHbIe YPaBHEHMS [/cpeOHeHHO OIMCBHIBAIOT IIpoIiece (umo kak pacuiupsem oxBamuviBaemblil
UMU KpY2 4ACHHbIX Npoyeccob, max u He no3fossem 045 bosvuiuncmba us Hux onpedesams coombemcmbyroujue
ypabHenus, mem 601ee UX pewiams aHAAUMUYeCkU), TO B COOTBETCTBYIOIIM 00pa3oM ompeneneHHy0 OC-
MOJIeJIb PeaIbHO IOTPY’KaeTcs HeKMI MCCIIeyeMBI IIpoliece ¥ AMHaMMKa MOAE/IV BeCbMa HaIJISTHO
TIpeZICTaBIISIeT kauecmbeHHoe TIOBeeHVe MCCIIeyeMoro mpotecca. [Tpu aTom, Hy>XXKHO JIUIITE KOPPEKTHO
HaJIeJIUTh eIVHVMYHBI aBTOMAT MOJIeI HeOOXOOVMMBIMM CBOVICTBAMM (COCHOAHUAMU) VI OIIPENENTNTh
IIpaBwUIa JIOKAJIBHOTO MX B3amMozencTBus. Takmum obpasom, OC-IIogxos MOXKHO MCIIONTb30BaTh KaK [T
VICCIIeIOBAHMS IIPOIIeCCOB, OMVChIBAEMBIX CJIOKHBIMU IMddepeHIIaIbHBIMY ypaBHEHMSMY, KOTOPbIe
He MMeIOT aHaJIMTUYEeCKOTrO pellleHs, TaK U IS IIPOIleCcoB, He TIO3BOJISIONIVIX OIIMCHIBATh VX TaKMMM
ypaBHEHVISIMIL.

B 3axmrogenme ere pa3 oTMeTMM 00HO HeMaJIOBaXKHOe 00CTosITeNIbeTBO. IIpu obcyxmeHnn kaaccuueckux
00HOPOOHBIX CMpYKMYp MBI aKIIEHTVPOBAJIM BHMMaHVIe Ha CJIEAYIOIIEeM BecbMa CYIIeCTBEHHOM MOMEHTE.
[TapasurenpHbIe IVICKpETHBIE VMHaMITIecKyie CUCTEMBI, OTHVIMM 13 KOTOPBIX U sBirstoTcss OC-momeny,
paccMaTpUBaJIVICh HaMV VIMEHHO KakK popMasIbHbIe a1eedpauteckiie CYCTEMBI IepepabOTKV KOHEUHBIX
cJ10B (koHpueypayuil) B KOHeUHBbIX ajipaBuTax, He IIpuberasi, Kak IIpaBuIo, K MX MUKPOIIPOrpaMMHOV
cperie, T.e. He VICIIOIB3Ys Ha HU3IIEM YPOBHE IIPUCYIIYIO VM KIETOYHYIO OpTaHM3alliio, YTO OTIINYAeT
Halll ITOJIXOJ, K MCC/IeIOBaHMIO TaHHBIX 00BEKTOB OT IIOJIXOAO0B 11eJI0r0 psAfa OPYIMX MccilefqoBaTesierl.
[Tpu TakoM moaXozIe OTHOPOIHEIE CTPYKTYPbI pacCMaTPMBAIOTCS Ha Cyry0o hopMasIbHOM YpOBHE, UTO
He II03BOJISIET B IIOJTHOVI Mepe OIlepMpoBaTh IPVCYIIVIM MM CBOVICTBOM BBICOKOTO ITapajulein3Ma Kak B
00J1acTV BEIYVICTIEHVL, TaK M 00pabOoTKY MHAOPMAIINII B IT€JIOM.

EcTecTBeHHO, 11715 pellieHVs NPUKIIaAHbBIX 3a7la4d B cpefle JJaHHOIO TUIIa HapasUle/IbHbIX JUHaMIUecKmX
AVICKPEeTHBIX CVCTeM ¥ IOJIyYeHMs 11eJI0T0 Psifia TOHKMX pe3yJIbTaToOB, B IePBYIO o4Yepellb, MOJIe/IbHOrO
xapakTepa TpeOyeTcs IIOIXO0M Ha MUKponpo2pamMmHoM YPoBHe, KOTa MCCIIeyeMble IIPOIIecChl, OObEKTHI,
aJITOPUTMBI ¥ PeHOMeHbI HeIIOCpeICTBeHHO IIOTIPy KaroTcs B Cpely OJHOPOIHBIX CTPYKTYP, VICIIOJIB3Y
ee KOHKpeTHbIe IIapaMeTphl, a IMeHHO: Pa3MepHOCTh, aJI(paBUT BHYTPEHHMX COCTOSHUI eIHNYHOIO
aBTOMaTa B CTPYKTYpe, MHIEKC COCe/ICTBa aBTOMATOB (unmepdpeiicHvle npabuia eOuHu4Hux abmomamob) m
JI0KaJIbHasi PYHKIIMS ITepexofia eIVHMYHOTO aBToMarTa (npoepamma gyHkyuonupobanus cmpykmypst). B
cJIydae TaKoro ITOJIX0a MOXKHO I10jTydaTh KaK pelleHws [IJIs BaKHbIX KOHKPEeTHBIX IIPVJIOKeHU, TaK U
IIOBOJIBHO BBICOKOTO YPOBHSI 000011IeHs TeOpeTN4Ieckoro xapakrepa. B yacTHocTH, HertocpeicTBeHHO
1orpy»asi B 0ObeKThI IaHHOTO Kjlacca yHMUBepcasIbHble BBIUMCINTEeIbHbIE aJIFOPUTMBI VWJIV JIOTYeCcKue
3JIEMEHTBHI, KOMNO03Ul U1 KOTOPBIX 00ecIieunBaloT YHIBEpCaIbHbIe BEIUMCIIEHIS,, MOXKHO KOHCTPYKTUBHO
HO0Ka3bIBaTh YHMBEPCaIbHYIO BBIUVCIIVIMOCTD OJJTHOPOIHBIX CTPYKTYP M T.1.

M€>Kjly TeM, Mes 11eJIbIn PpAA HEOCIIOPUIMBIX ITPEMMYINECTB, BBIIIIEOTMEYEeHHBIN T.H. npﬂMOﬂ IIOOXOI K
MCCJIENOBaHVIO CTPYKTYP HeE IIO3BOJISZIET B Pslle€ CJIydaeB I10JIy4daTh pe3yJIbTaThl, XapaKTepusyromue nx
VIMEHHO KaK CYFYGO MaTeMaTn4decKre O6’B€KTBI, Tp66y51 IIpUMEHEHVIA METOIO0B V1 Pe3yJIbTaTOB 13 Oostee
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abcTpakTHBIX ObJ1acTevt coBpeMeHHON MateMaTnK. CiteoBaTelIbHO, Hambosiee ecimectmBerHbim, Ha Hall
B3IJISAL, IIPECTaB/IsIeTCsl pa3yMHOe coueTaHMe 00OMX YKa3aHHBIX IOAXOIO0B K M3YUYeHNIO TaKOro Kitacca
AVTHaMWYeCKNX NUCKPETHBIX CVICTEM, B Ka4eCTBE KOTOPBIX 1 BbICTyrIaIOT OIHOPOIHBIE CTPYKTYPBI.

Hapsmy ¢ HOmBITKOV, ITO-BO3MOXKHOCTY, HIOJIHee oxBaTuTh CA-TIpo0sieMaTKy, jIeXallyio Kak B pyciie
HaIIIX VHTEPecoB, TaK 1 B pyHmaMmeHTe cobcteeHHO TOC, B HaCTOSAIIENT MOHOIpadM € TOCTaTOUYHO
CTelleHbIO ITOJIHOTHI IIpefiCTaB/IeHbl Pe3ysIbTaThl M OTeYeCTBeHHBIX MccilefloBaTesiert. MHOrMe 13 3TmX
pe3yJIbTaTOB MaJIOM3BECTHBI VIV COBCEM HeV3BeCTHBI aHIJIOS3bIUHOMY YMTATeIl0, XOTs IIeJIbIN Pl U3
HVIX BHEC/IV BeCbMa CyIIleCTBeHHBIVI BKJIaJl B CTAaHOBJIEHVe COBPeMEHHOVI TeOPUM 00HOPOOHBLX CHIPYKIMYP
(Homogeneous Structures) {cunonum «ksemounvix abmomamo6» (Cellular Automata)} vi vIx IpWIOXKEHUN B
KauecTBe CaMOCTOSTEIIbHOTO pasfiesia cofpeMerHoll MaTeMaTudecKoi KubepHeTuki. Llenbint psg 13 Hux
BIIOCIIEZICTBMY OBUIM 3aHOBO II€PEOTKPBITHI APYTMMU VcCiIeoBaTessiMu. JacTh 3 HMX MpeficTaB/IeHbl
IleTaJIbHO, TOrIa KaK Apyrye yKa3aHsbl B IlepedHe paboT, cofrep Kallyx Hanbosiee BaKHbIe pe3yJIbTaThl.

Hacrosmas MoHorpadvss opreHTHpOBaHa Ha CaMbIl IIMPOKUN KPYT 4YMUTaTelleVl, MHTepeCyIOIXcs
CTpaTermnyecky BaXKHBIMY HaIlpaB/IeHUSAMM COBPEMEeHHOVI BBIUMCIINTEIIbHOM TeXHVKM, KOepHeTUKY,
MaTeMaT4eCcKOro MOJIe/IVPOBaHNs B pas/IMYHBIX IIPUKIIAIHBIX 00J1acTsAX, HapauieJIbHOV 00paboTKOM
MHpOpPMaLUNN 1 Mapa/UIeJIbHBIMU aJIfOpUTMaMi, POpMasIbHBIMM I'paMMaTHKaMy, MaTeMaTU4IecKOy 1
TeopeTn4ecKoy OMOJIOTMsIMI, Teopuerl aBTOMAaTOB, PU3MKOV, POOOTOTEXHMKOV, HAaHOTEXHOJIOTVSIMU,
VICKyCCTBEHHBIM MHTeJUIeKTOM 1 11p. IlpeacraBuT nanHasg MoHOrpadusi MHTepec TakxKe IS CTYI€HTOB,
acIMpaHTOB, [JOKTOPAHTOB W IIperojaBaTesieVl COOTBeTCTBYIOIIVX CHelVaJIbHOCTeVI YHUBEPCUTETOB,
KeJIaroIVIX yIITyOuTh CBOVI IIO3HaHVS B OYeHb IIePCIeKTUBHOV 00J1acTyi aBTOMaTHOI'O MO/ IPOBaHs
pasgHOro poga deHoMeHOB. MoHorpad st OyAeT IocTaTOYHO I10JIe3Ha BceM, KTO TOJIPKO HadlHaeT
3HaKOMUTBCS C 00HOPOOHbIMU CIPYKIMYpPAMU, VIX KOHIIEIIIIVIEVI VI OCHOBaMM Teopn. YuTaTesTio, KOTOPHIN
y>ke VIMeeT OIIperleIeHHBIVI OITBIT VICCIIeI0BATeIbCKON PabOTEI B 3TOV cdepe, MOHOTpadovisi IIPENCTaBUT
JIOCTaTOYHO MOJIe3HYI0 MH(OpMaIIMIO K PasMBIIUIEHNIO ¥ 03HAKOMUT C OCHOBHBIMM pe3ysIbTaTaMl B
JAaHHOV 00J1acTy, HOJIyYeHHBIMY, IIpeX/Ie BCero, COBeTCKMMM VccilefloBaTessiMi. MHOTMIX OHa CMOXeT
o0y IUTh K JTaJIbHEeNIINM MCCIeIoBaHMAM B JaHHOV BecbMa IIepCIIeKTYBHOV 00J1acTVi COBpeMeHHO
MaTeMaTndeckor KnbepHeTrky. C HaIIMMIU ITOCIEAYIOMIVMY VICCIeI0BAaHMSMM U Iy OJIMKAIIMAMM 110
IlaHHOVI ITpobsIeMaTVKe MOXKHO IepOoAYecKy 3HAKOMUThCs Ha Hatmx Web-cTpanuiiax:

www.aladjev.newmail.ru, fwww.aladjev.narod.ru, www.geocities.com/ca_hs_ref

TaMm xe ykasaHBI ajpeca, B KOTOpble MOXKHO OTIPABJIATh 3aMeUaHs U IIpejIoKeHNs 10 MaTepuasiaM
HacTosIIet MOHOTIpaduy, a TakKe B 11eJIOM IO JIOBOJIBHO OOIIVPHOV TeMaTVKe HalllMX MCCIIeIOBaHUIA.
Bce onu OymyT mpuHATE ¢ 671aromapHOCTRIO ¥ Oe3 Halllero BHMMaHMs He OCTaB/leHbl. B sHaunTesIbHOM
CTelleHM HacCTOsIIasi MOHOrpadus -~ BTOpoe MepepaboTaHHOe 1 pacIIpeHHOoe M3IaHe IpeblayIiei
Harttert MoHoTrpadmu [567], Oasupyrolericss Ha crielialIbHOM Kypce jieKumm «Kaaccuueckue 00HOpoOHble
cmpykmypet (Kaaccuueckue kiemoursie abmomanst)», JTAHHOM aBTOPOM [IJISL CTYZAEHTOB CTapIIX KYpCoB,
MarvcTpaHTOB, JJOKTOPaHTOB daKyJIbTeTa Mamemamuku v ungopmamuxy I'poOHEHCKOro yHUBepCUTeTa
(beaopyccus) B anpeste - mae 2008 r. MoHorpadwsi, B OCHOBe CBO€V, CYMMIPYeT OCHOBHBIE Pe3yJIbTaThl,
I1oJTydeHHbIe HaMU B JJAHHOM pasjiele COBpeMeHHOV MaTeMaTiuecKol KMOepHeTHK.
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BBenenue

Teopua odnopoonvix cmpyxmyp (TOC), y MICTOKOB KOTOPOVI CTOsUIV TaKue KpyIIHeIlvie COBpeMeHHbIe
MaTeMaTVKU ¥ KubepHeTrku, Kak Jxon ¢pon Heiman, C. Yaam, 3. Myp u A. Uepuy, npusiiekia K cebe
IIpUCTaJIbHOE BHUMaHUe 11eJI0T0 psfia MccilefioBaTesient B KoHIle 50-X I. IIpoIuIoro cTosieTus o1arofgaps
OCHOBoOMoOJIararoImMM padoram 3. Mypa, x. Maiixuasra vi A.B. Bepica, KOTOPBIVI CICTEMATU3VPOBAJL,
3aBepIIWI M n3gail padotsl Jxona ¢pon Heitmana B sTont obrmactu [5,124,128); 3mech n B HJasIbHEIIIEM
MBI 4acTo OyJieM AejIaTh CChUIKM Ha Haim paboTsl (kak 001ee docmynHble), B KOTOPBIX ITaeTcss 0030p i
HpeficTaB/IeHVe COOTBETCTBYIOIINX Pe3ysIbTaToB Apyrux ucciaenosatesient 1o TOC-mipobiemMaTke MiIn
CMeXXHBIM BOITpOCaM, MMeIOIM K Hell Haubostee Oimskoe oTHolmleHue. I[Tpy 3ToM, HeKOTOpBIe HaIlN
PpaboTHI cozlepKaT M MHTepPeCHBIe MCTOpUYecKye KCKYPCHI IO JaHHO IIpo0sIieMaTHKe.

OnHoponHbIe CTPYKTYPhI IEPEOTKPBIBAIVCE He OIVH pa3 U IIOf], Pa3INIHbIMI Ha3BaHWUSMMU ~ B UMCTO
MaTeMaTMKe OHV M3BECTHBI KaK pasziell TOIIOJIOIMYeCcKOV IMHAMMKY, B 2JIEKTPOTeXHIMKE OHV M3BECTHBI
KaK MTepaTuBHBIE CeTH, B OMOJIOrMY KaK KJIeTOYHBIe CTPYKTYPHI U T.11. [To3ToMy, IIpejiaraeMsivi HVDKe
KPaTKUV MCTOPUYECKNUT SKCKYPC CTABUT 11€JIbI0 OIIPEeIUTb 0CHOBHbIe STAITbl CTAHOBJIEHVIS COOCTBEHHO
camor1 OC-Teopun, He OTBJIeKasiCh Ha MHOTOYVCIIEHHBIe YacTHOCTH. ITpu aTOM, CilemyeT uMmeTh B BUIY,
uTo 110 TOC-11pobiteMaTKe paboTaeT LeIbIV P TPYIIII M OTIEIBHBIX MCCIIeIoBaTesIeV], HeOCTaTOYHO
WIV COBEpIIIeHHO He CBSI3aHHBIX APYT C IPYrOoM, YTO 3a4acTyIO BeleT K cepbe3HOMY IyOiIMpoBaHUIO
pabot u pesynbraTroB. Hauas csou mccinenosanmsa 1o TOC-mipobiiematuke B 1969 1., MBI paciiojiaraeM
BIIOJIHE JOCTaTOYHOM MHopMatyet (kax Ha ocHoBe anaiusa borvuurcmba nyoiukayui, max u 6 npoyecce
HenocpedcmBeno2o obujerus co MHoumu Bedyujumu uccaedobameramu 6 3mom HanpabieHuu) OTHOCUTEIIBHO
OOBEKTVIBHOTO Pa3BUTIS OCHOBHBIX ee HarlpasiieHum (u 6 nepbywo ouepeds, meopemuuecko2o xapaxmepa).
DTO TI03BOJISIET HaM C [JOCTAaTOYHOV CTEIIeHbI0 OOBEKTMBHOCTI XPOHOMETPMPOBATh OCHOBHBIE STaIIbI €e
PasBUTIS; MHOTYE AeTajli VICTOPUYecKoro xapakTepa 1o TOC-mipobieMaTyiKe MOXKHO HaMTV B KHUTaX
[1,3,5,8-10,53-56,114,131,135,146,150,161,163,179,186,230,264,265,271,536].

Oonopoonvie cmpyxkmypst (OC) B MX TIepBOHAYaJILHOM Bufle ObUIu onpenesieHsl /Ik. ¢pon Heitmanom Ha
6ase nmpemwioxenns C. Yaama ¢ 1ieIblo IOy YNTh O0JIee peamicTYecKyIo 1 XOPOIIo hopMaIm3yeMyto
MojleJTh JIJIsl VICCJIe[IOBaHMs ITOBelleHMs CJIOKHBIX pasBuBaroyxcs cucteM. Cam C. Yaam mcrnosnbssoBait
OC-niofgo0OHbBIe MOIeNIN, B YaCTHOCTY, ISl MCCIIeJOBaHMs IIPOOJIeMBbl POCTa KPUCTaUIOB ¥ HEKOTOPBIX
OPYTUX pacTyIIVX IIO peKyppeHmHbiM TIpaBujlaM IVCKPeTHBIX cucTeM. HeckosibKo 1o3iHee 1ogo0HbIe
CTPYKTYPBI HavaJl McciieoBaTh  A10H30 Uepu B cBg31 ¢ paboTamMy 110 OeCKOHEUHBIM aOCTpaKTHBIM
aBTOMaTaM ¥ MaTeMaTW4ecKOoV JIOTMKe. B 3Toit ke cBA3M BechbMa yMECTHO YIIOMSHYTH U IIMIOHEPCKIe
paboter 1o OC-tipobrieMaTnke HeMelkoro mtKeHepa Konpaoda Ilyse - aBTopa mepBovl IpOrpaMMHO-
yIIpaBJIIeMOVl YHUBEPCAJIBHOV BBIUMCIINTENIBHON MalnHbI[126]. IM ObUI BbICKa3aH LIeJIBIN psifl BecbMa
IIPOrPecCUBHBIX IJI CBOETO BpeMeHM B3IJIS0B Ha CTPYKTypy KoMaHn DBM, mporpaMMmpoBaHie Kak
IocjIejoBaTeIbHOe, TaK ¥ MapaUleIbHOe ¥ Ap., BK/IIoUasi KJIeTOUHbIe BBIUVC/INTEIbHbIE IIPOCTPaHCTBa,
SBUBIIIMECS 11p0o00pasoM COBpeMeHHBIX BeramcymTesibHeIX O C-Mopener. Ha cerogas OC-Monern MMeIoT
PS5 CMHOHVIMOB, M3 KOTOPBIX HanboJlee paclipOCTpaHEHHBIM SIBJISIETCSI TEPMUH «KAeHOUHble AG1MoManbvl
(Cellular Automata)». B mayibHevimreM, ToBOpst «00HOpoOHble cmpykmypbi» (0cHOBbIBAACH HA PYCCKOA3bIUHOTL
mepmunosoeuu [119,443,536]), Oymem Bes[e MOHMMATh TakXKe ¥ VIX CMHOHWUMBIL, 1 HA0OOPOT.

B 1969 Konpao 1lyse soirtyctir kHury «Rechnender Raum» (Boiuucaumenstoe npocmparcmbo), B KOTOPO
M371arajl MBICIIVI O TOM, UTO (pM3IYecKyie IIPOIIecChl — CYTh BEIUVMCIIEHNS, TOTa KaK Hama Beesennas ects
HWYTO MHOe, Kak «cellular automaton» (CA), T.e. «kiemounviti abmoman»; camo xe moHstvie CA Bsei k.
¢pon Heitman. [1151 xoH11a 70-X TaKOVI B3ITIsA Ha BeesleHHY0 OBUT HOBAaTOPCKVIM, TOTTIAa KaK cevrdac muiest
BBIYVICIIAIOLIEVI caMy cebs BcestenHon HuUKoro He LIOKMPYET, HaXO/s JIOTMYHOE MeCTO B TeOpUAX psifa
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yccIiesioBaresier, padoTaomyx B o01acTi KBaHTOBOM MexaHmKM [536]. K coxkasreHnto, ceromHs KHMUra
K. Iyse mano3sHakoMa (ecau He ckazams - He3HAKoMa cofcem) Jaxke BeCbMa JIOTOIIHBIM VCCIIeloBaTelIAM 1
crielasicTaM B 3ToV obsacTi. YToOB MCKIIIOUNTD MMEIOIIecs: Ha CerOHs CIeKYJISTUBHbIe aclleKTh
VICTOPMYECKOTO XapakTepa, B OyQyIINX MCTOPUUYECKIX MCCIIeAOBaHMSAX BechMa I1e1ecooO0pa3Ho Ha 3TO
oOpaTnTh camoe IIpHCTa/IbHOE BHYIMAHIE.

W 3peck ObUTO OBI BITOJTHE YMECTHO OTMETUTH OJJTHO OUYeHB JIIOOOIIBITHOE C MICTOPMYECKOV TOUKY 3peHMs
obcrosiTertbeTBO. B ommrame ot dxon ¢pon Heitmana, K. Ily3e omHOpOAHBIE CTPYKTYPBI pacCMaTpyBall
JIAIIIB C TOYKM 3peHus I poBOM BEIUMCINTeIbHON TeXHKM (BT), He cBsi3bIBasi MIX C MICIIOJIb30BaHVEM
B Apyrmx obmacTsax npwioxeHnit. K coxaneHno, cjoXXmBIIvecs Ha TO BpeMsi 00CcTosiTesIbcTBa [126] He
ITO3BOJIVIIVI O3HAKOMUTBCS C ero MesMU U pa3paboTKaMy IIMPOKOMY KPYTY CHeIMaIICTOB U YUeHBIX.
B To Bpems kak xxon ¢pon Heliman orpanmdmics IpyMeHeHVeM OTHOPOIHBIX CTPYKTYP TOJIBKO IS
Guostormdyeckoro MopenpoBaHus. BosMoxHo, ¢hon Hellman He ObUT 3aMIHTepecoBaH B VCCII@OBaHMX
OC-Mopierielt B KauecTBe CaMOCTOSATeIbHOIO MaTeMaT4ecKoro oobeKkTa Jimbo B KauecTse (popMaIbHOM
MojleJV BbIcOKoIapasuiesibHo BT. DTy 00CTOsITeNIbCTBa, BEPOSTHO, ¥ IIPUBEIN K TOMY, UYTO BBICOKUT
yPOBeHb Mapajuleii3Ma, JOIyCKaeMbIVl OJHOPOIHBIMM CTPYKTYypaMy, M He SBWICS ONpelesIsiomM
dakropom Ha HauarvHoi ctagyy passuTus BT. ITpuHuMas Bo BHMMaHMe TO BIIMSIHMe, KOTOpoe OKasall
aBToputeT pon Heitmana Ha passutue BT [124] (ne 3ps 0o cux nop ocoBy coBpemennoit BT cocmabasiem
max Hasvibaemas Goiuucaumenvras mooess gporn Hetllmana), ero ripejioxkeHyie 110 IIPYMeHeHUIO KJIIeTOUHBIX
aBTOMaTOB B BBIUMCIIUTEIIBHBIX 1IeJIsIX Ha 3ape 3apoXaeHns coBpeMeHHON BT, 11o-BuaMoMy, MOIJIO Obl
VI3MEHUTD XOJI, IToc/Iefly olren uctopum ee passutius. C Ipyrov CTOPOHBI, IpaKTHUYecKoe He3HaKOMCTBO
¢ padoramu K. Ilyse mmpoKoVt Hay4qHOV OOIIeCTBEHHOCTH 1 He CpaBHUMBIN ¢ /Ixon ¢pon Heimarom
Hay4HBIVI aBTOPUTET He IIO3BOJIVIIN VM OKa3aTh CEpbe3HOTO BIIVSIHMS Ha MOCJIeAYIOIINT X0, PasBUT
Kak BT, Tak 1 cobctBenHo TOC-1mipobiieMaTnku. B pesysibTaTe uero cerogHs Mbl IMeeM TO, YTO VIMeeM,
a IMeHHO - pa3BuTyo BT, ncroBeayroIyo ocieIoBaTe/IbHYIO BEIUMCINTEIbHYI0 MoIelib [lxon ghon
Heiimana, vi iHTeHCVBHBIe IIPOPaOOTKM MO CO3JaHMIO IepCleKTUBHBIX cpefcTs BT Ha OCHOBe MHBIX,
HeHeVIMaHOBCKMX IapaUIeIbHbIX MOeJIerl BBIUMCIIUTesIeV], OTHUMM U3 KOTOPBIX U SBJIAIOTCS MIMEHHO
BBIUMCIIUTEeIbHBIe dopMasibHble O C-MoIe.

OnHot 113 OCHOBHBIX IPeIOChUIOK, CTUMYJIMPOBABIINX 3apoxaeHrie OC-KOHIENINN ITapaUIeJIbHBIX
IOVICKPETHBIX CHCTEM, SBWIACh HACTOSATENIbHAsS IOTPeOHOCTh B JOCTATOYHO XOPOLIO POpMaIi3yeMom
cperie I MOAENVIPOBaHWS IIPOIIECCOB OMOJIOTMYECKOr0 PasBUTHS 1, IIpeXKile BCero, CaMoro Irporiecca
camoBocponsserienys. [Ixon ¢pon Heitman vi 1ieJIbIVl psifi, ero 1ociiefioBaTesIell JOCTaTOYHO JAeTaIbHO
VICCIIeIOBaJIV BOIIPOCHI BBIUMCIIUTEIBHBIX UM KOHCTPYKTUBHBIX BO3MOXHOCTell mnepsbix OC-moperner,
KOTOpble ObUIM 3aBepIlieHbl 1 cobpanbl A. Bepkcom B ero mpeBocxonHbix KHUrax [124,128], xotopere
oIpeneTVWIN pa3BUTHe VICCIIEOBAaHNUII B 3TOM HaIlpaBjleHUM Ha HecKOJIbKO JieT. B mporiecce pabot mo
OC-npobitematuke A. Bepxcom mpu MudmraHcKoM yHUBepcuTeTe ObUIa Cco3faHa MCCiIeloBaTeIbcKast
rpymma «The Logic of Computer Group», 13 KOTOPOV BIIOCJIEICTBUV BBIIIIEJI IIeJIBIV Psifl, e pBOKIIaCCHBIX
cnertnamcros 1o TOC-mipobiematuke (k. Xoarand, P. JIsune, T. Togpgpoau u 0p.). ParHme vinen u
pabotsl . ¢pon Heimana, C. Yaama, A. Yepua v psima Mx HeNIOCPeICTBEHHBIX IT0CIIeqoBaresient [125,
127,129-133,288-299] MBI MOXXeM C TIOJIHBIM OCHOBaHMEM OTHeCTU K nepBomy starty craHosieHvst TOC-
1po0sIeMaTUK B I1eJTOM.

Bmopvim 3TarioMm B ctaHOBIeHUN TOC MOXHO cUMTaTh OIyO/IMKOBaHMe Tellepb IIMPOKO M3BECTHBIX
pabot 3. Mypa vi [Ix. Maiixuasa [274,275] 1io mpobiieMe HEeKOHCTPyMpyeMocCTH B Kilaccuueckux OC-
MOJIeJIsIX, KOTOpble HapsiIy C pellleHVeM psifia Cyry0o MaTeMaTMUecKMX 3afad sBWIVICh CBOETO poaa
KaTaJIM3aTOpaMy aKTMBHOCTY, IIPVBJIEKIIVIMY IIPVCTAJIbHOEe BHUIMAaHMe K 3TOV IIpo0JieMaTKe I1eJI0T0
psla MaTeMaTUKOB ¥ MccilefoBaTesiet U3 Opyrux obsacrert. @opMupyroTcs HaydHble KOJUIEKTUBEL 1
mkoJiel 110 TOC-ipobniemaTuke B CIIA, OPT, fAnonnn, Vtammm, @panrym, [P, Beurpun n Scronnmn
(TTT, 1969 2.). B vacTHOCTM, IMEHHO 3TUM paboTaM MBI 005I3aHBI CBOVMIM MHTEPECOM K JJaHHOW 00J1acTu
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VICCIIEIOBAHM, TI0CTIe O3HAKOMJIEHMSI C YIIOMSIHYTOV paboTtovt D. Mypa B IIpeBOCXOIHOM COOpHVIKe
crateut iof, pexs P. Beaamana [123].

Haxoneri, Teopetiueckie pabotsl 3. Kodda [125], I. Xedaynoa [127], A.P. Cmuma [131], X. fImada u C.
Amoposo [129,130], 3. Baukca [132], T. Ocmpanda [133], B. AaraodveBa [1,2-5,17-35], T. KumnazaBa [134] n
11eJIOTO psAfa OPYIrMX MccaefoBaTesieVt MOJI0XWIV Hadajlo COOCTBEHHO cofpemertoli MaTeMaTUdecKo
TOC, BrIpOCIIIeV K HACTOSIIEMY BpeMeHY B CAMOCTOSITEIIbHYIO BETBb TeOPUY aOCTPaKTHBIX aBTOMATOB,
VIMEIOITYI0 MHOTOUVCIIEHHBIe VIHTEPEeCHbIe IIPIJIOKEHNS B PasIMIHBIX 00IacTaX HayKV M TeXHVKMN.
MHorouncrieHHbIe viccsiegoBaTen moarorosusm seryruiene TOC B koHIe 60-x rofos IIpOIUIoro BekKa
B COBpPEMEHHBIVI 3Tall ee PasBUTHS, XapaKTepU3YIOMuics oObeIHeHeM paHee pa3pO3HEHHBIX Ve
VI METOIIOB Ha OOIIeV KOHIIENTyaJIbHOV VI METOAOJIOTMYecKoN IulaTpopMax 1 BeCbMa CYIIIeCTBEHHBIM
pacmpeHvieM o0siacTet ee IIPUIIOXKEHI, OCOOEHHO B (p31IKe, MaTeMaTIYIeCKOVI OMOIOTMY pa3BUTS,
HapayuIebHOV 00paboTkoN MHPOpMaIY, TapaUIeIbHBIMI aJITOPUTMAaMY, BEIUMCIIVTETBHBIX HayKax
¥ MHPOPMaTHKe, CBSI3aHHBIX ¢ MaTeMaTUYIECKMM ¥ KOMIIBIOTEPHBIM MOJIeIMpPOBaHMEM, pa3pabOTKOMI
IepCHeKTUBHBIX apXUTeKTYpP BbICOKOIIponsBoauTenbHor BT 1 op., B 3HaUNUTeIbHON CTelleH) BBIBOASA
OC-KOHLeNIMIO Ha MeXIVCHUIUIVHAPHBIN Y POBEHb.

Ocobr1 mHTepec k OC-MopersiM BO300HOBIWICS B Hadasle 80-x TOIOB IIPOIIUIOro BeKa B CBSI3M C BeCbMa
aKTVBHBIMI VCCIIEAOBAHMAMM II0 ITpo0sieMe MCKYCCTBEHHOTO MHTesviekTa (MU), 110 co3maHmIio HOBBIX
[IepCIIeKTUBHBIX apXUTEKTyp BbICOKOIpousBoauTernsHoit BT, nHdopmaTiKom, pusmKom 1 OpyruMm
BaXHBIMM MoTuBalvsiMu. Ha Hamr B3msan, mMmenHo ¢ pabot Bennet C., Grassberger P., Boghosian B.,
Crutchfield ]., Chopard B., Culik 11 K., Gdcs P., Green D., Gutowitz H., Ibarra O., Kobuchi Y., Langton
C., Margolus M., Martin O., Mazoyer ]., Toffoli T., Wolfram S., AradveBa B.3., Banoman O.J1. v np.
[636] Hauasica HOBBIN BeIuleck MHTepeca K OC Kak cperie, IIpeXe BCero, husuuecko20 MOIeInpOBaHVs.
Haxomnerr npenmnosaraercs, 9To MMeHHO OC MOIYT CBIIpaTh Ype3BblUalfHO BaKHYIO POJIb B KadecTBe
KaK KOHIIENTYaIbHBIX, TaK W IIPVKIAJTHBIX MOEIIEVI NpoCmpancmbeHHo-pacnpedeseHHblx ITHAMIIeCKIIX
CHICTeM, B 4YMCJIe KOTOPBIX B IIEPBYIO Odepelb IPeACTaBIIAIOT OCOOEHHBIVI MHTepeC BBIUMCIIUTEIIbHBIE,
dusmueckme 1 Omosiormyeckre KJIeTOUHBIe CUCTEMBL. B JaHHBIX HaIpaB/IeHMAX yXKe HaJIUIIO BecbMa
CyllleCTBeHHas aKTMBHOCTB II€JIOTO psfia MccilefloBaTesler, IOJIyYMBIINIX BIIOJIHE OOHaIeXMBalolye
pesynbTatsl [1,3-5,9,69,90,145,146,153,155-157,161,162,197,269,275,355,536]. B mpeaucioBun mpuserneH
psAn cooOpakeHUT B IOATBepXaeHMe poian 1 Mecta OC-mipobiieMaTVKM B CTPYKTYpe COBpeMeHHOW
MaTeMaTU4ecKOV KMOepHeTMKI ¥ CBA3aHHBIX C HeVl eCTeCTBeHHO Hay4YHBIX HallpaBjIeHWUN U, IIpex[e
BCETO, IPUKJIQJHOTO XapaKTepa.

CoBpemenHas Touka 3peHmst Ha TOC, Kak Ha OTHENIBHYIO BETBb TeOPMM aOCTPaKTHBIX OeCKOHEUHBIX
aBTOMATOB, cpbopMIpOBaiach 107, BIIVISIHVEM OCHOBOIIOJIarammmx pabot Adamamckozo A., Arbib M.,
Axaodveba B.3., Amoroso S., Bagnoli F., Bandini S., anoman O.J1., Banks E.R., Barca D., Bap3dunsa /1.,
Bays C., Binder P., Boghosian B., Burks A.W., Butler ]., Cattaneo G., Chate H., Chowdhury D., Church
A., Codd E., Cole S., Crutchfield ]., Culik K., Das R., Durand B., Durret R., Fokas A., Fredkin E.F., Gdcs
P., Gardner M., Gerhardt M., Golze U., Grassberger P., Green D., Griffeath D., Gutowitz G., Hedlund
G., Hemmerling A., Holland ]., Honda N., Ibarra O., Ukaynuexca 3., Uarvawmunckozo A., Jen E., Kaneko
K., Kari J., Kimura M., Kobuchi Y., Langton C., Legendi T., Li W., Lieblein E., Lindenmayer A., Martin
O., Maneville P., Margolus N., Maruoka A., Mazoyer ]., Mitchell M., Moore E.F., Morita K., Myhill |.,
Nasu M., John von Neumann, Nishio H., Ostrand T., Pedersen ]., Ilodxoa3zuna A., Richardson D., Sato
T., Sarkar P., IllepeweBcxoeo M., Sipper M., Smith A., Sutner K., Takahashi H., Thatcher ]., Toffoli T.,
Tooma A., Heimauna I., Ulam S., Bapua6bckoeo B., Vichniac G., Vollmar R., Voorhees B., Waksman A.,
Weimar J., Willson S., Wolfram S., Wuensche A., Yaku T., Yamada H., Zuse K. v gpyrux JOBOJIbHO
MHOTOYVICJIEHHBIX VICCIIeZIoBaTesIerl M3 MHOIMX cTpaH. Ha HavaylbHOVI cTaguy MpUK/IaJHbIe acleKTh
TOC B cBsI3U ¢ IepPCIEKTVBHBIMY ITapaJUIeJIbHBIMI KOMITBIOTEpAMI BeCbMa MHTEHCVBHO Pa3BUBAIVICh
HayuyHbiMU 1IKOIaMu T. Togpgporu B CIIA, P. @orvmapom B Iepmanuu v T. Jleeenou B Benepuu, Torga
KaK B CBSI3M € OM0JIOrMUuecknM MozieposaneM B.3. A1advebvim B Dcmonuu.
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B.3. AnagpeB

Hapany ¢ mrammmm paboramu B OC-Teopunt HeoOXoaMo oOpaTuTh BHUMaHMe Ha 1eJIbIV P APYIX
COBEeTCKMX VCciIefloBaTesierl, KOTOpble IIOTydwIn B JaHHOM HallpaBjIeHUN Kak pyHaMeHTasIbHble, TaK
VI IOCTaTOYHO 3HauuTesIbHble pe3ysIbTaThl B TeueHue 60-x — 80-x rogos. A nmeHHO: Adamamckuii A.W.
(uoenmugpuxayus OC), banoman O.J1. (acurxponnsvie OC), Baumyn A.@. (pocm xongueypayuil), baromun
C. (pocm xongpueypayuit), boaromo8 A.A. (cumyrayus mexoy xaaccamu OC), I'eopeadse A.K., Toom A.JL,
Manoxanadse I1.B., [Joopywun P.J1., Bacuave6 H.b., Cmab6cxaa O.H., Mumiowun JL.I., JleonmoBuu A.
(cmoxacmuuecxue OC), Ukaynuexc 3. (Hekoncmpyupyemsie koHgpueypayuu), JleBun J1.A. i Kyporomo8 T.
(cmoxacmuuecxue OC), Koaomo8 A. (OC-modeau 6030youmott cpedst), JleBenwmmenn B.WU. (cunxponusayus 8
OC), BapwaBckuir B. (cunxporusayus OC, cumyasayua anusompontsix OC Ha usomponuuix), MameBocan
A. (pocm xougueypayui, yrubepcasvtole demepmunupobarnsie u cmoxacmuueckue OC, OC u napasiesvroie
epammamuxu), Koeanob A.B. (ynubepcarvrvie OC, yemouuuBuie kongueypayuu, cumysayus OC), Ilempob
E.N. (cunxporusayus 2-meprvix OC), MaxapeBcxuir A.1O. (pearusayus oyiebuix ¢pynxyui 6 OC), PeBun O.
(cumynayus anusomponnsix OC Ha usomponnuix), IlocneaoB 1. (00HopoOHbIe CpyKmypbL U pacnpedeseHHblil
U 6 OC), NpaneumbBuiu U. (OC-apxumexmyps. napasiessHovix npoyeccopob), Ilookoasun A. (cumysayus
OC, acumnmomuxa 2100a4bHOU OUHAMUKUY, Hepaspeuiumocms, yHubepcasvole OC-moleau), Ieiwmaun I.E.
(an2ebpa nepuoduuecku onpedeseHnvix npeobpaszobanui), Coanyeb C.B. (pocm xongueypayui), Pemoodvko JI.
(OC-modeau Bo30youmont cpeos), Leumaun M.JL. (xosrexmubo. abmomamob, OC-uepwi), Iepbakob E.C.
(yHubBepcaviivie ar2edpvl napastesvHuix nodcmanobox). B Hammx MHOTOUYMCIIEHHBIX IIPeABIAYIINX paboTax
VICCIIENIOBAIIVICH pa3jIindHble acrieKThl OC-Teopun U ee TIPVJIOKEHWIT B MaTeMaTVKe, BEIYVCIINTEITBHBIX
HayKax, MHJOpMaTuKe, 61oormdeckoM 1 prsndeckoM MopepoBaHun. IloiyueHHble HaMU B 3TOM
HaIIpaBJIeHny pe3yJIbTaThl BHECIN TIOCTaTOYHO CYIIeCTBeHHBIV BKJIafl Kak coocteHHO B OC-Teopuio,
TaK 1 B ee npwioxkeHus. HacTosias MmoHorpads npegHasHaveHa J1j1s 00CyXaeHns Hanbostee 001X
HarpasJleHu B Teopum Kilaccudecknx OC-Moiesient 1 OCHOBHBIX pe3yJIbTaTOB, IT0JTy4eHHBIX Hamm. K
COXXaJIeHMIO, IOCTATOYHOTO OTpaHMUYeHHBIVI 00BbeM He IT03BOJISeT IeTaIbHO pacCMOTPEeTh Bce OOraTcTBO
rpobsieMaTUKM B JaHHOV o0s1acT. MeX/1y TeM, Mbl Ha/leeMcsl, UTo IpejjlaraeMasi HaMy MOHOTpadus
ITO3BOJIUT O3HAKOMUTB YMTaTesIsl ¢ OOIIMMM aclleKTaMy M TeHAeHIIMAMM B Teopum Kiiaccudeckux OC-
Mojlesiert Kak (popMasIbHOV MOfiesu IlapaulelbHOV 0O0paboTKM, Tak M BecbMa MepCIeKTUBHOV Cpejibl
U1 PU3NUECKOro ¥ MaTeMaT4ecKoro MOozle/IMpPOBaHMs.

Oonopoonvie cmpykmypol SBIIAIOTC popMas3aliiert IOHATYS OeCKOHeUHbIX PeryJsIsipHbIX pelleToK
(cemeit) M3 MAEHTUYHBIX KOHEYHBIX aBTOMAaTOB, KOTOpble MH(MOPMAIIVIOHHO CBsi3aHbI JAPYT C JPYroM
eIMHBIM 00pa3oM B TOM CMBICIIe, UTO KaXXIbIVI aBTOMAT peIleTKy MOXKeT HeIlloCpe[ICTBeHHO I10jlydaTh
MHMOPMaLVIO OT BIIOJIHE OIpee/IeHHOrO Il Hero KOHEeUHOI'0 MHOXeCTBa COCeHVX eMy aBTOMAaTOB.
ITpu 3TOM, COCeCTBO MIOHMMAETCsI He B TeOMeTpUYeckoM, a B MHAOpMalvoHHOM cMbicite. CoceficTBo
eIMHMYHbBIX aBTOMATOB yCTaHaB/IMBaeTCs IIOCTOSTHHBIM I KaXK/I0r0 eIMHIYHOIO aBTOMaTa pelleTKn
" olpeziesiseTcsl CrelaabHbIM BEKTOPOM ~ MHJIEKCOM coceficTBa. Kak mpaswmio, paccmaTpuBaioTcs d-

MepHBble peryJigapHble pelleTky B EBKIMIOBOM IIpOCTpaHCTBe E4, B 1eroumcIIeHHbIE TOUKM KOTOPOTO
IIOMeIlleHbI KO HeKOToporo aBTroMata Mypa. B xauecTBe BecbkMa mpocToro mpvmepa ¢opMasibHOM
OC-Moienvi MBI MOXKeM BOOOPasuTh cebe OecKOHeUHYIO K/1emo4nyio Oymary, B KaXI0M KJIeTKe KOTOpOm
pacriosiokeHa Kommsl KOHeYHOro aBTomaTa Mypa, It KOTOPOro B KadecTBe COCeIHMX BBICTYIAIOT BCe
HeIoCpeICTBeHHO ITPVMBIKAloIIe K HeMy aBTOMaThl, BKJII04asi 1 ero caMoro.

OC-mo00esv PYHKIVIOHUPYET B AUCKpeTHbIe MOMeHTHI BpeMeHnu t (t=0,1, ...) TaK, YTO KaXk[IbI1 aBTOMaT
pelIeTKy CMHXPOHHO M3MeHseT CBOe COCTOsIHVIe B JIVICKpeTHble MOMeHTEI BpeMeHn t>0 Kak pyHKIIMA
COCTOSIHMV BCeX CBOMIX coceflell B IIpefblAyIii MOMeHT BpeMeHwu (t - 1). [lanHas 10xkaivhas QyHKIINA
riepexofja MOXXeT CO BpeMeHeM MeHAThCsl, HO OCTaeTCs Bcerja IOCTOSHHOM JIJIsl KaKIOro eIHUYHOTO
aBTOMaTa pellleTKM B JII00OV KOHKpeTHBII MOMeHT BpeMenm t>0. OonoBpementioe MpyiMeHeHMe KO BceM
aBTOMaTaM pellleTKM JIOKaJIbHOV (PYHKIIMM Ilepexojia ompesesideT 2100a1bHy0 PYHKIMIO ITepexoa B
CTPYKType, KOTOpasi JIeVICTBYeT Ha BCell pellleTKe, M3MeHsIs TeKyIly0 KOHPUTYypalliio COCTOSIHUI Beex
aBTOMaTOB pellleTKN Ha HOBYIO KOHwuryparyio. VismeHeHre KoHPUTypaIuit Takovt CTPyKTYpPbl I107,
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HeVICTBYIEM 2400416101 PYHKIVN OIIpeesisteT JuHamuky dpyHKyornposaams OC-Mopienm ¢ TedeHVeM
BpeMeHV, UT'PAIOIIy0 OCHOBHYIO POJIb B VICCIIEIOBAHMISIX €€ TIOBeIeHYeCKMX (OUHAMUUECKUX) CBOVICTB.

Cocrognms emyHMYHBIX aBToMaToB OC-MOIesier MOXKHO acCOIMMPOBaTh C Pas3IMYHBIMU ITIOHATUSAMY,
TaKVIMM KaK COCTOSIHMS OVMOJIOTMYeCKMX KJIETOK, KOMaHIbI KJIETOYHBIX MUKPOITPOIIECCOPOB, CVIMBOJIBI
HEKOTOPBIX IapaUIeJIbHBIX (POPMAIIBHBIX CUCTEM, XapaKTEPUCTUKI TOUYeK HEKOTOPOTro aOCTPaKTHOTO
nosis v T.0. Torma Kak cama mctopmst KoHuryparmit B OC acconmmpyeTcs ¢ 0uHaMUuKoil IorpykaeMbIX
B CTPYKTYPy Pa3IMIHOIO pofia AVCKPETHBIX MOJIeJIeN], IIPOLIecCoB, aJITOPUTMOB U sBJIeHMiL. I1omoOHbIe
MOJIeJIVI MOTYT OBITh IIPVIMEHEHBI B TaKMX pa3IMUHBIX 00JIacTsX KaK pacrlio3HaBaHVEe 00pa3oB, TeOpust
3BOJIIOLIVIV V1 pa3BUTHSA, MOpdoreHe3, MaTeMaTyKa, KnbepHeTIKa, CMHepreTKa, (PU31Ka, afalTyBHbIe
VI IVHaAMW4YecKye CHCTeMbI, MaIllVTHHOe CaMOBOCIIPOV3BeIeHVe, KOCMOJIOIMS, BYJIKAHOJIOTVS, XVIMVISL,
VICKyCCTBEHHBIVI IHTEJUIEKT M pOOOTOTeXHMKA U Ap. MBI MOXkeM MHTepIipeTpoBaTh OC He TOIBKO KaK
abcTpakumio duos02uyeckyx KJIIETOUHBIX CUCTEM, HO Takke KaK TeOPeTNYecKyI0 OCHOBY VCKYCCTBEHHBIX
NapaUIeIbHBIX crcTeM 00paboTKM MHPOopMaImy b0 Kak cpey IIpefcTaBIeH sl KOHIIeNTYyaIbHBIX 1
IIPaKTUYIECKMX MOJesIeVl IpOCTpaHCTBEHHO-paCHpede/IeHHbIX AMHAMMYECKMX CUCTeM, IS KOTOPBIX
VMIMEeHHO (pu3IUecKye CUCTEMBI SIBJISIOTCS Hanboslee BaXXKHBIMY IIpoToTuamyt. C JIOTMYecKot e TOUKM
3permns OC SBIISIOTCS OeCKOHEUHBIMM aOCTPaKTHBIMIM aBTOMaTaMy CO CIielndudecKoit BHYTpeHHe
CTPYKTYPOVI, OIIpeesIstoIerl HesIbIVi P/l BeCbMa BaXKHBIX CBOVICTB M IIO3BOJISIOLIEV VICIIOJIb30BaHVe ee
B KadyecTBe HOBOV IIepCIIeKTVBHOV Cpellbl MOJIeIMpOBaHMs Pa3sHOOOpasHBIX OVCKPETHBIX IIPOLIeccoB,
VICIIOJIB3YIOIIVIX PEXMM MaKCHMMaJIbHOTO pachapavienvsadusa. B nenom TOC-mipobrieMaTika MOXeT
paccMaTpUBaTBCS KaK CHIPYKIMYpPHAA VI OUHAMUYeCKAs COCTaBIISIOINIVIE TeOPUY DeCKOHEYHBIX aBTOMATOB,
HaJleJIeHHBIX CHelnduecKor BHYTpPeHHeV OpraHmsalluers, HOocsdlllell KaueCTBeHHBIN XapakTep. V1 B
Hacrosiiee BpeMsd TOC-1mipobiieMaTKa cOCTaBjIseT BIIOJIHE CaMOCTOSATEesIbHBIN pasfiesl COBPeMeHHOM
KMOepHeTMKI CO CBOVIMV MeTOIaMy, IIpOOIeMaTKOV M MPYUIOKEHMSAMI, a CaMV CTPYKTYPBI CITy Kat
dpopMaIbHOVI Cpeiovt 1715t MO/ IMPOBaHVs MHOIMIX IVICKPETHBIX IIPOLIECCOB, sIBJIEHUN 1 (PEHOMEHOB B
pa3IMIHBIX 00J1acTSIX ecTecTBO3HaHMS. [Ipy1 3TOM, BIIOJIHE IOITyCKasi MOZeIMpOBaHIie 11 HelIpePhIBHBIX
IIPOIIEeCCOB, SIBJIEHUI I (PeHOMEeHOB, OJIHaKO 3TO TeMa JIPYyroro McceloBaHVs.

bortee Toro, OC-KOHIIENIINS SIBJISIETCS. B OIIPeIeJIEeHHOM CMBbICIIEe YHUKAJIBHBIM Hay4YHO-TEXHUECKIM
sIBJIEHVIEM ~ C OJIHOVI CTPOHBI, OHA SIBJISIETCSI OCHOBOVI (POPMaJIBHOTO MOZEIIVPOBAHSL OOJIBIIIOTO UNCIIa
IIpoIIeccoB, (PeHOMEHOB V1 0OBEKTOB B BECbMa IIIMPOKOM CIIeKTpe 00JIacTer, TOr/a Kak C JIPyrovl, MeeT
SKBVBaJIEHTHBIE TeXHMUecKme peasmsarim B Buge CAM-mammH Toghghoau, cvicTomIdecknx CTpyKTyp,
ceTeVl TPaHCIIBIOTEPOB, KJIETOYHBIX IIPOIIECCOPOB, OTHOPOIHBIX BEIUMCIIUTEIBHBIX CPeLl VI T.1., [lejlasi ee
BeCbMa IIPVBJIEKATEIILHOM U B TEOPETNYECKMX, M B IIPUKIIAIHBIX